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ABSTRACT

Background: The Bcl-2 protein is a member of the bcl family of proteins, which play a key role in the cell apoptosis
process. Its tumorigenic potential has been established long ago in animal experimental models, and was subse-
quently supported by the finding of its overexpression in a variety of human tumors. Bcl-2 has been suggested as a
prognostic marker for the neoplastic diseases; new evidence keeps arising providing further support to this finding.
Aim: This study investigated the association of Bcl-2 expression with prognostically important clinicopathological fea-
tures in breast carcinoma in the Greek population. Methodology: Immunohistochemical assessment of Bcl-2 was
conducted in a case series of 100 surgically resected primary breast carcinomas from November 2022 to July 2023
and the association of Bcl-2 with the grade of histological differentiation and Lymph nodes pN was statistically inves-
tigated. Results: The histological grade profile of the studied samples was: Grade Il (24%), Grade Il (62%), Grade |
(14%). High (score 3+) Bcl-2 expression was found in 65% of cases, moderate (score 2+) expression in 12%, low
(score 1+) in 4%, while negative expression was shown in 19% of the samples. A statistically significant inverse
association between Bcl-2 expression and the grade of histological differentiation was detected (Phi=-0.850, p=<
0.0001). Bcl-2 expression was also inversely associated with Lymph nodes pN stage (p=0.001). Conclusion: The
observed association of immunohistochemical Bcl-2 expression with clinicopathological characteristics which are
known prognositc indicators for breast cancer (grade and pN stage) provides confirmatory evidence to the potential
important prognostic value of this marker in breast cancer. Future investigations should incorporate Bcl-2 expression
in multivariate prediction models to weigh its value in the clinical management of breast cancer.
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Breast carcinoma is a pathologic condition in which
non-physiological cells of the mammary gland begin
to grow and multiply uncontrollably, forming tumors,
which if left untreated can spread throughout the

body of the patients and eventually become fatal to
them [1]. The disease predominantly affects middle-

aged and older women. The average age of U.S.
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women diagnosed with breast cancer is 62 years
old. 1 in 8 women in the United States will be
diagnosed with breast cancer in her lifetime. About
9% of all new breast cancer cases in the U.S. are
diagnosed in women younger than 45 years old.
Younger people, particularly those under age 35 at
the time of their original breast cancer diagnosis,
face a higher risk of breast cancer recurrence [2].

The Bcl-2 oncogene is involved in a number of
malignant neoplasms, including lymphoma and
leukemia, with the main path of its action being the
regulation of the cell apoptosis process [3].There
are two main subclasses of Bcl-2 proteins: the
anti-apoptotic (Bcl-2-A1, Bcl-2, Bcl-XI, Bel-w and
Mcl-1), and the pro-apoptotic (Bad, Bak, Bax, Bid,
Bik, Bim, Hrk, Noxa and Puma) [4]. Anti-apoptotic
proteins of the Bcl-2 family were already identified
as oncogenes in 1984 after the discovery of their
role in the development of B-cell leukaemia [5].
There are studies demonstrating that overexpres-
sion of Bcl-2 and Bcl-XI, in combination with the
increased cell proliferation induced by these onco-
genes, results in increased lumen filling, a charac-
teristic morphological feature of in situ endoporotic
carcinoma, an early, premalignant state [6]. Those
findings demonstrate that pro-proliferative and
anti-apoptotic signals cooperate with each other in
early mammary epithelial cell (MEC) transfor-
mation, with the anti-apoptotic Bcl-2 proteins hav-
ing an active role in this process.

In one of the largest relevant studies, involving
1081 breast cancer cases it was shown that Bcl-2
expression is an independent poor prognostic fac-
tor in patients with HER (-) or triple-negative tumor,
especially for those not receiving adjuvant treat-
ment [7]. while, in another study, the authors
showed that the high Bcl-2 expression displayed
superior disease-free survival compared with the
low Bcl-2 expression, especially regarding local re-
currence and systemic recurrence [8]. This study
investigated the association of Bcl-2 expression
with prognostically important clinicopathological
features (pT and pN stage, grade of differentiation
and histological type) in breast carcinoma in the
Greek population.

2. METHODOLOGY
2.1. Study design and sample collection

The current study was conducted on 100 patients
with primary breast carcinoma were collected in
Histopathological Laboratory Metaxa Cancer
Hospital of Piraeus. The patients were women who
underwent mastectomy from November 2022 to
July 2023. Ethical approval for the study was ob-
tained from University of West Attica and Metaxa
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Cancer Hospital ethics committee. Voluntary writ-
ten informed consent for participation in the study
or the use of their biopsy was provided by all par-
ticipants.

Surgical tissues were fixed in 10% neutral for-
malin and were followed by preparative processing
according to international guidelines. Sections (3
um) were obtained from paraffin-embedded tissue
blocks of primary tumor specimens. Tumor sec-
tions stained with hematoxylin and eosin (H&E)
were used to define the tumor histological type and
histological grade of malignancy.

Immunohistochemistry (IHC) for all 100 cases
for Bcl-2 was undertaken with polymer peroxidase
method on the Auto stainer link 48 DAKO ana-
lyzer. The antibody used was Monoclonal Mouse
Anti-Human Bcl-2 Oncoprotein  Clone 124
(DAKO).

The DAKO EnVision System, HRP is a two-
step immunohistochemical staining technique.
This system is based on an HRP labeled polymer
that is conjugated to secondary antibodies. The la-
beled polymer does not contain avidin or bio-
tin. First quench endogenous peroxidase activity
by incubating the specimen for 5 min with DAKO
Peroxidase Block. Then incubate the specimen
with primary Mouse Anti-Human Bcl-2 Onco-
protein Clone 124 (dilution 1:600; Dako), followed
by incubation with the labeled polymer, using two
sequential 30-minute incubations. Staining is com-
pleted by a 5-10 minute incubation with 3,3'-
diaminobenzidine (DAB)+ substrate-chromogen
which results in a brown-colored precipitate at the
antigen site. Counterstaining was used EnVision
FLEX Hematoxylin Mayer's for 10 min.

The slides were studied with a microscope
from the German company Leica (model: DM
1000).

Based on the staining values (% stained cells)
and the intensity, the results were classified by a
pathologist into the four staining categories: Bcl-
2 negative expression (0%), score 1+ (>0% -
<30%), score 2+ (= 30% - <90%) and score 3+
(290%) [9].

2.2. Statistical analysis

Statistical analysis of the study data was per-
formed using the SPSS v29.0 statistical software
package (IBM®). The original database was cre-
ated with the help with Microsoft Office Excel,
those data was encoded and the new data base
produced in the SPSS, with the data of the 100
women with breast cancer. The research process
included the analysis of the following parameters:
1) Bcl-2 expression 2) histological types, 3) tumor
pT stage, 4) lymph nodes pN stage, 5) grade of
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histological differentiation and 6) association of
Bcl-2 oncogene with tumor pT stage, grade of
histological differentiation, lymph nodes pN stage
and histological types. The analysis of the results
was performed by using Frequencies and
Descriptive Statistics. To examine the association
of Bcl-2 oncogene with tumor pT stage, grade of
histological differentiation, lymph nodes pN stage
and histological types, the Fisher's exact test or

ordinal regression and odds ratio statistic test was
performed where appropriate.

3.RESULTS

Bcl-2 oncogene was found score 3+ in 65% of
cases, negative expression in 19%, score 2+ in
12% and score 1+ in the rest 4% (Table 1) (Figures
1,2,3).

Table 1. Distribution of Bcl-2 expression.

Negative 0% 19 19.0
Score 1+

(>0% - <30%) 4 4.0
Score 2+

(2 30% - < 90%) 12 120
Score 3+

(290%) 65 65.0
Total 100 100.0

Figure 1. Ductal carcinoma in situ (DCIS). Moderately differentiated, grade Il. Imnmunohistochemical (IHC) high expression
(score 3+) Bcl-2 in = 100% of neoplastic cells, both in situ and in the invasive element, membranous and cytoplasmic expres-

sion (10x).
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Figure 2. Invasive lobular breast carcinoma (ILC). Moderately differentiated, grade Il. Immunohistochemical (IHC) moderately
expression (score 2+) Bcl-2 in 90-95% of neoplastic cells. Negative normal mass parenchyma (20x).

Figure 3. Invasive breast carcinoma no special type (NST). Poorly differentiated, grade Ill. Immunohistochemical (IHC)
negative expression (-) Bcl-2 with positive endogenous control lymphocytes (40x).
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Invasive ductal carcinoma no special type (NST)  mor pathology stage (pT stage) was assessed for all
was detected in 60 cases (60%), followed by cases and pT2 was identified in the majority 38%,
Invasive lobular carcinoma (15%), while the rest followed by pT1c 34% (Table 3). Lymph nodes infil-
25% included other histological types (Table 2). Tu-  tration were absent in 63% of all the cases (Table 4).

Table 2. Distribution of histological types.

N (number o
of cases) °
DCIS Micropapillary type 1 1.0
DCIS multifocal with apocrine features 1 1.0
IBC — Metaplastic breast carcinoma 1 1.0
IBC Micropapillary type 2 2.0
IBC Mucinous type 4 4.0
IBC multifocal with apocrine features 4 4.0
. . IBC Papillary type 4 4.0
Hls:ologlcal IDC — Invasive ductal carcinoma 4 4.0
ypes IDC no special type (NST) 60 60.0
IDC with squamous differentiation 1 1.0
ILC — Invasive lobular carcinoma 15 15.0
IMPC — Invasive micropapillary carcinoma 1 1.0
LCIS — Lobular carcinoma in situ 1 1.0
MBC — Metaplastic breast carcinoma 1 1.0
Total 100 100.0
Table 3. Distribution of tumor pT stage.
N (number of cases) %
pT1a 4 4.0
pT1b 15 15.0
pTic 34 34.0
pT2 38 38.0
Tumor pT stage pT3 3 30
pT4a 3 3.0
pT4b 3 3.0
Total 100 100.0

*pT1a: > 0.1 cmand <0.5 cm

pT1b:>0.5cmand <1cm

pTic:>1cmand £2cm

pT2:>2cmand <5cm

pT3:>5cm

pT4a: cancer has spread into the chest wall

pT4b: cancer has spread into the skin and the breast might be swollen [10].

Table 4. Distribution of lymph nodes pN stage.

N (number of cases) %
pNO 63 63.0
pN1mi 2 2.0
Lymph nodes pN1a 24 24.0
pN stage pN2a 10 10.0
pN3a 1 1.0
Total 100 100.0

*pNO: no lymph node infiltration, or infiltration < 0.2 mm

pN1mi: infiltration > 0.2 mm and <2 mm.

pN1a: infiltration in 1 to 3 lymph nodes and at least one is > 2 mm. pN2a: infiltration in 4 to 9 lymph nodes and

at least one is > 2 mm.

pN3a: infiltration in 10 or more lymph nodes and at least one > 2 mm, or infiltration in the nodes below the collarbone. [10].
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The most common Grade was Grade Il (62%),
followed by Grade Il (24%), and Grade | (14%)
(Table 5). The association of Bcl-2 with pT stage,
Grade and pN stage, was examined using ordi-
nal regression and odds ratio statistic test. Bcl-2
was negatively associated with tumor grade
Phi=-0.850 & p=< 0.0001 (Table 6). The odds of
negative Bcl-2 indicating higher lymph node pN
stage was 4.919 (95% Cls: 1.858-13.018) times
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that of positive Bcl-2, with a statistical
significance of p=0.001 (Table 7) (Figure 4). Bcl-
2 was not associated with Tumor pT stage
(p=0.749) (Table 8). With regard to the
association of Bcl-2 expression and breast
histological types, Bcl-2 was negatively
correlated with the specific histological type IBC
multifocal with apocrine features as Phi= -0.421
& p=<0.0001 (Table 9).

Table 5. Distribution of tumor grade.

Grade N (number of cases) %
I (well differentiation) 14 14.0
Il (moderate differentiation) 62 62.0
Il (poor differentiation or
high grade) 24 24.0
Total 100 100.0
Table 6. Association of Bcl-2 with grade.
BCL-2 Total
Negative Positive
1 75 76
Grade land |l 5.3% 92.6% 76.0%
m 18 6 24
94.7% 7.4% 24.0%
Total 19 81 100
100.0% 100.0% 100.0%
Value p-value
Phi -0.850 < 0.0001
Cramer's V 0.850 < 0.0001
Table 7. Association of Bcl-2 with lymph nodes pN stage.
BCL-2 Total p-value
Negative Positive
NO 7 56 63 0.001
P 36.8% 69.1% 63.0%
pN1mi 0 2 2
0.0% 2.5% 2.0%
PN Stage 6 18 24
PN1a 31.6% 22.2% 24.0%
N2a 5 5 10
P 26.3% 6.2% 10.0%
1 0 1
PN3a 5.3% 0.0% 1.0%
Total 19 81 100
100.0% 100.0% 100.0%
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OR=4.919
95% Cls: 1.858-13.018

100% s p-value = 0.001
H pNO
T 80%
TE’ pN1mi
3 60%
o m pN1la
E 40%
=] pN2a
g 0,
20% m pN3a
0%
Negative Positive
BCL-2
Figure 4. Association of Bcl-2 with lymph nodes pN stage.
Table 8. Association of Bcl-2 with tumor pT stage.
Negative Positive
Ta 2 2 4
P 10.5% 2.5% 4.0% 0.749
2 13 15
pT1b 10.5% 16.0% 15.0%
4 30 34
pTic 21.1% 37.0% 34.0%
PT Stage [~ 10 28 38
P 52.6% 34.6% 38.0%
T3 1 2 3
P 5.3% 2.5% 3.0%
0 3 3
pT4a 0.0% 3.7% 3.0%
0 3 3
pT4b 0.0% 3.7% 3.0%
19 81 100
Total 100.0% 100.0% 100.0%
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Table 9. Association of Bcl-2 negative expression (-) with a specific type category (IBC multifocal with apocrine features).

Negative Positive
no 15 81 96
IBC 78.9% 100.0% 96.0%
es 4 0 4
Y 21.2% 0.0% 4.0%
19 81 100
Total 100.0% 100.0% 100.0%
Value p-value
Phi -0.421 < 0.0001
Cramer's V 0.421 < 0.0001
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4. DISCUSSION

The Bcl-2 protein is a member of the bcl family of
proteins, which play a key role in the cell apoptosis
process [11]. Its oncogenic (carcinogenic) poten-
tial was established relatively early in animal ex-
perimental models, and was subsequently sup-
ported by the finding of its overexpression in a va-
riety of tumors and lymphomas, in which Bcl-2 has
oncogenic activity [12,13]. The present study
investigated the role of Bcl-2 as a potential prog-
nostic marker in patients with primary breast carci-
noma in the Greek population.

The main finding of the study was that Bcl-2
expression exhibited a significant negative associ-
ation with the grade of histological differentiation
as Phi=-0.850 & p=< 0.0001. In addition, Bcl-2-ex-
pression showed a significant association with pN
stage (p=0.001). Therefore, Bcl-2 (+) cases were
more commonly detected in tumors with a better
differentiation and a more favorable pN stage.

In a retrospective study involving 582 primary
breast carcinomas reported that, 1) In non-triple (-)
tumors, positive expression of Bcl-2 was corre-
lated with less aggressive tumors (94% of Grade |
was Bcl-2 (+) vs 62% of Grade Ill, p<0.011)
whereas, 2) In triple negative tumors a statistically
significant association was found between Bcl-2
positivity and lower incidence of lymph node me-
tastasis [14].

Investigated the prognostic value of Bcl-2 in 83
patients with metastatic breast carcinoma and
found that high Bcl-2 expression in circulating can-
cer cells was associated with better disease out-
come. According to the authors, Bcl-2 expression
in patients with metastatic breast carcinoma is
likely to have predictive value for both the biologi-
cal and clinical course of the disease [15]. In an-
other investigation, showed that Bcl-2 (+) was sig-
nificantly correlated with smaller tumor size and
lower tumor grade, whereas there was no correla-
tion between the expression of Bcl-2 and the nodal
status of the tumor [7]. After the histological pro-
cession of 158 breast cancer cases concluded that
1) Low Bcl-2 expression was related to an in-
creased likelihood of recurrence of the disease
and 2) The probably most valuable combination of
marker for the assessment of disease recurrence
was that of Bcl-2 with PR [8]. While, in 76 women
with breast carcinoma, found no statistically signif-
icant correlation between the expression of Bcl-2,
Ki-67 and p53 and the clinicopathological features
of the disease [16]. Recent research reported that
Bcl-2 expression was inversely correlated with the
histological differentiation of the disease [17]. Fur-
thermore, in a series of 42 cases reported an in-
verse statistically significant relationship between
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the expression of Bcl-2 and the Grade of breast
tumors, a finding consistent with the results of the
present study and other previously published stud-
ies [18].

In one of the most recently published original
clinical studies, in a series of 312 women of differ-
ent ethnic backgrounds, concluded that 1) Positive
Bcl-2 expression is associated with increased sur-
vival of breast cancer patients in age- and race-
adjusted models and, 2) Bcl-2 expression has a
strong statistical association with protection of
breast cancer patients from death with additional
adjustments for ER/PR status; such findings are
indicative of a potentially important prognostic bio-
logical role of Bcl-2 in breast cancer [19]. In a clini-
copathological study reported that Bcl-2 is ex-
pressed more in primary, compared-to metastatic
tumors, displaying diversity in its expression profile
across the primary tumor cell population [20].

Another interesting finding of the present study
was the statistically significant negative correlation
of the Bcl-2 expression with the lymph nodes pN
stage (Table 7). Again there were contradictory
findings of relevant studies: In a case series of 42
women with Invasive ductal carcinoma — No spe-
cial type, did not find a statistically significant cor-
relation between lymph nodes harboring malignant
cells and Bcl-2 expression (p>0.05) [21]. On the
other hand, in triple-negative breast cancer, both
the expression of Bcl-2 and the LN stage have
been identified as independent prognostic factors
of the disease, however without the existence of a
direct correlation between them [22]. Finally, in an
older study, in 142 patients with T1 breast carci-
noma, stated that the expression of Bcl-2 was as-
sociated with lymph node metastasis, especially
when there was a co-expression of the c-Myc
oncogene [23].

The main limitation of this study was the rela-
tively small size (compared to other relevant stud-
ies) of the examined sample of patients. Nonethe-
less, the results were similar (for the most part) to
those reported in the literature, pointing out that
Bcl-2 prognostic involvement has universal appli-
cation.

Another limitation was the lack of survival anal-
ysis due to the long time interval required for the
follow up (approximately ten years) along with the
already mentioned small sample size (inadequate
to provide concrete evidence regarding the prog-
nostic value of Bcl-2 in breast cancer). Such inves-
tigation could be conducted using a larger sample
(with the appropriate power) combined with a con-
comitant examination of other molecular markers
(with established or promising prognostic signifi-
cance in breast cancer such as ER, PR, HER2 and
Ki-67) and accompanied by a thorough analysis of
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the main relevant studies on the issue. Hormone
receptors play a key role as primary biomarkers in
luminal breast cancer. There are two major forms
of the estrogen receptor (ER), ERa and ERP.
However, only ERa has a validated clinical role, as
it is expressed in 70-75% of breast cancers.
Similarly, the progesterone receptor (PR) exists in
two forms, PRA and PRB [24]. HER2 is
overexpressed in 15-30% of invasive breast can-
cers, which has both prognostic and predictive im-
plications. HER2 gene overexpression is a strong
predictive biomarker for the response of breast
carcinomas to anti-HER2 therapies; those thera-
pies include human monoclonal antibodies that
bind to the extracellular portion of the HER2 recep-
tor (pertuzumab and trastuzumab treatment) [25].
Finally, the molecular biomarker Ki67 is a cell pro-
liferation marker that is expressed at all stages of
the cell cycle, except for the GO stage. Scientific
research in recent years has shown that, in gen-
eral, breast carcinomas in which high Ki67 expres-
sion is found are associated with a worse final
prognosis [26].

5. CONCLUSION

The findings of this study revealed a connection of
Bcl-2 expression with particular favorable clinico-
pathological characteristics of breast cancer (i.e.
lower grade end pN stage) in a Greek population
sample. These results in agreement with corre-
sponding findings in the literature, support the
state that the expression of the Bcl-2 oncogene
may be a particularly useful biomarker for the pre-
diction of disease outcome. However, further, ap-
propriately designed prospective studies with large
sample size and appropriate statistical methodol-
ogy, including multivariate analysis, are needed in
the near future to confirm these findings.
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