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Purpose
We investigated B-cell lymphoma 2 (BCL2) regulation across DNA, RNA, protein, and methy-
lation status according to molecular subtype of breast cancer using The Cancer Genome
Atlas (TCGA) database.

Materials and Methods
We analyzed clinical and biological data on 1,096 breast cancers from the TCGA database.
Biological data included reverse phase protein array (RPPA), mRNA sequencing (mRNA-seq),
mRNA microarray, methylation, copy number alteration linear, copy number alteration non-
linear, and mutation data.    

Results
The luminal A and luminal B subtypes showed upregulated expression of RPPA and mRNA-
seq and hypomethylation compared to the human epidermal growth factor receptor 2
(HER2) and triple-negative subtypes (all p < 0.001). No mutations were found in any sub-
jects. High mRNA-seq and high RPPA were strongly associated with positive estrogen 
receptor, positive progesterone receptor (all p < 0.001), and negative HER2 (p < 0.001 and
p=0.002, respectively). Correlation analysis revealed a strong positive correlation between
protein and mRNA levels and a strong negative correlation between methylation and protein
and mRNA levels (all p < 0.001). The high BCL2 group showed superior overall survival com-
pared to the low BCL2 group (p=0.006).    

Conclusion
The regulation of BCL2 was mainly associated with methylation across the molecular sub-
types of breast cancer, and luminal A and luminal B subtypes showed upregulated expres-
sion of BCL2 protein, mRNA, and hypomethylation. Although copy number alteration may
have played a minor role, mutation status was not related to BCL2 regulation. Upregulation
of BCL2 was associated with superior prognosis than downregulation of BCL2. 
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Introduction

B-cell lymphoma 2 (BCL2) is the founding member of the
BCL2 family of regulator proteins that regulate cell death
(apoptosis), either by inducing or inhibiting apoptotic cell
death [1,2]. BCL2 is known to be a key anti-apoptotic protein.
BCL2 is located at position 18q21.33 and it encodes the BCL2
protein, which is an integral outer mitochondrial membrane

protein that blocks apoptotic death of some cells such as lym-
phocytes (https://www.ncbi.nlm.nih.gov/gene/596). Alth-
ough BCL2 was initially identified as an oncogene in cases of
human follicular B-cell lymphoma with a t(14;18) chromo-
some translocation [3,4], it has also been reported to be asso-
ciated with a variety of neoplasms including leukemia, breast
cancer, lung cancer, gastric cancer, colorectal cancer, pancre-
atic cancer, prostate cancer, bladder cancer, and melanoma,
among others [5-10].

http://crossmark.crossref.org/dialog/?doi=10.4143/crt.2017.134&domain=pdf&date_stamp=2018-07-11
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In breast cancer, BCL2 has been reported to be a favorable
prognostic factor, especially in the luminal A subtype 
[11-15]. Although BCL2 is well known as an anti-apoptotic
oncogene in lymphoma [16], it may be both oncogenic and
tumor suppressive in specific cell types or under specific con-
ditions. It has been postulated that BCL2 may play a favor-
able prognostic role in breast cancer as its tumor suppressive
effect is more prominent than its oncogenic effect. Although
an increasing number of papers based on clinicopathologic
data have presented accumulating evidence that BCL2 plays
is a favorable prognostic factor in breast cancer [11,12], the
biological mechanisms related to BCL2 as a prognostic factor
in breast cancer remain largely unknown. As most papers
have reported the clinical significance of BCL2 in view of
protein expression as assessed by immunohistochemistry
(IHC), a large amount remains unknown in terms of mRNA,
DNA, and epigenetics. Currently, the molecular subtypes of
breast cancer as defined by the expression of hormone recep-
tor (HR) and human epidermal growth factor receptor 2
(HER2) are widely accepted in clinical practice. Although
several papers have reported the clinical significance of the
BCL2 protein according to the molecular subtypes of breast
cancer [14,15], the mechanisms of BCL2 regulation across
DNA, RNA, protein, and epigenetics remain largely 
unknown. 

The Cancer Genome Atlas (TCGA) Research Network has
profiled and analyzed large numbers of human tumors, 
including breast cancers, to uncover molecular aberrations
at the DNA, RNA, protein, and epigenetic levels [17]. Since
TCGA Research Network published comprehensive molec-
ular portraits of breast cancer including invasive ductal
breast cancer and invasive lobular breast cancer [18,19], 
increasing number of papers have reported results on breast
cancer using TCGA database [20,21]. 

In this study, we investigated molecular aberrations in
BCL2 across DNA, RNA, protein, and methylation status 
according to the molecular subtypes of breast cancer using
TCGA database. We tried to infer the relationship across clin-
ical and biological parameters, which could be involved in
BCL2 regulation, according to the molecular subtypes of
breast cancer. 

Materials and Methods

1. TCGA data acquisition

All TCGA data and information were acquired from
TCGA homepage (https://cancergenome.nih.gov/), geno-
mic data commons data portal (https://gdc-portal.nci.nih.

gov/), Firebrowse (http://firebrowse.org/), and cBioPortal
(http://www.cbioportal.org/). In particular, cBioPortal cur-
rently contains datasets from 150 cancer genomics studies 
including nine breast cancer studies. We downloaded a
dataset on breast invasive carcinoma (TCGA, Provisional; 
access date, Feb 12, 2017) for this study. This dataset includes
clinical data on 1,096 breast cancer patients and biological
data on reverse phase protein array (RPPA), mRNA sequenc-
ing (mRNA-seq), mRNA microarray, methylation, copy
number alteration (CNA) linear, CNA nonlinear, and muta-
tion status. According to TCGA publication guidelines
(http://cancergenome.nih.gov/publications/publicationgui-
delines), the data are unrestricted and not limited in terms
of usage for publication, and no specific permission is needed
for investigators to publish using these data. 

2. Clinicopathologic parameters

We defined patient age as the age at the time of the diag-
nosis of primary breast cancer and the TNM staging was 
described according to the 6th edition of the American Joint
Committee on Cancer. We defined HR status as positive
when the IHC tests for either the estrogen receptor or the
progesterone receptor were positive and as negative when
both tests were negative. We defined HER2 as negative when
the IHC results were negative or 1+ and as positive when the
results were 3+; when the results were 2+, we defined the
positivity of HER2 according to the results of fluorescence in
situ hybridization analysis. We classified the molecular sub-
types into one of four categories: luminal A (HR positive and
HER2 negative), luminal B (HR positive and HER2 positive),
HER2 (HR negative and HER2 positive), and triple negative
(TN) (HR negative and HER2 negative) based on HR and
HER2 expression. 

3. Biologic parameters

RPPA data represent protein expression measured with
the RPPA method and data are provided as log2 values of
raw data. For mRNA expression, two data sets were ana-
lyzed: mRNA-seq data as median values of raw data by Illu-
mina RNA sequencing (San Diego, CA) ver. 2 RSEM, and
mRNA microarray data as median values of raw data by 
Agilent microarray analysis (Palo Alto, CA). Methylation
data are provided as beta values of raw data and the probe
most strongly anti-correlated with expression was measured
for genes with multiple methylation probes. For this study,
only human methylation 450 data were used, as human
methylation 27 data do not contain information on BCL2.
CNA linear data represent copy number variation according
to Affymetrix SNP6 and data are provided as relative linear
values for each gene. CNA nonlinear data represent copy

Ki-Tae Hwang, BCL2 Regulation in Breast Cancer from TCGA
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number variation by GISTIC 2.0 values of 2, 1, 0, 1, and 2
represent homozygous deletion, hemizygous deletion, neu-
tral or no change, gain, and high level amplification, respec-
tively. Mutation data were generated by whole exome
sequencing and data are provided in a mutation annotation
format. Sample numbers and types according to biologic
data were described in S1 Table. The expression level of each
biological parameter was classified into high expression or
low expression by the mean value of each biological param-
eter. 

4. Statistical analyses

We used the two-sample t test to determine the difference
in the expression levels of the biological parameters and
Pearson’s chi-square test to determine the differences in clin-
icopathologic characteristics between groups. For multiple
comparisons, Bonferroni correction was applied. We used
the Pearson correlation coefficient to evaluate bivariate cor-
relation among the biological parameters. All survival analy-
ses were carried out with respect to overall survival, and the
time durations was defined as the time from initial diagnosis
to death from any cause. We used Kaplan-Meier estimation
to analyze survival rates and the log-rank test to determine
the significance of the differences between two survival
curves. A Cox-proportional hazards model was used for the
univariate and multivariate analyses, and hazard ratio was
calculated using a 95% confidence interval (CI). We con-
ducted all statistical analyses using IBM SPSS Statistics ver.
20.0 (IBM Inc., Armonk, NY) and R software ver. 3.3.2 
(R Foundation for Statistical Computing, Vienna, Austria).
All tests were two-sided, and we took a p-value of less than
0.05 to indicate statistical significance. 

5. Ethical statement

The study was approved by the Institutional Review Board
of SMG-SNU Boramae Medical Center (IRB No. 16-2016-82)
and performed in accordance with the principles of the Dec-
laration of Helsinki. The informed consent was waived.

Results

1. Clinicopathologic characteristics of the study subjects

The total number of subjects was 1,096, and their mean age
was 58.5±13.2 years (median, 58 years; range, 26 to 90 years). 
Regarding race, 756 white Americans (69.0%), 183 African
Americans (16.7%), and 61 Asian Americans (5.6%) were Ta
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included in the study. Regarding histologic type, 784 inva-
sive ductal carcinomas (71.5%), 202 invasive lobular carcino-
mas (18.4%), 17 mucinous carcinomas (1.6%), nine meta-
plastic carcinomas (0.8%), and six medullary carcinomas
(0.5%) were included in the dataset. Regarding operation
type, 247 lumpectomies (22.5%), 321 modified radical mas-
tectomies (29.3%), and 200 simple mastectomies (18.2%) were
performed. The mean follow-up period was 40.9±39.1
months (median, 28 months; range, 0 to 283 months) and the
total number of deaths during the period in question was 152
(13.9%). The clinicopathologic characteristics of the study
subjects are summarized in Table 1. 

2. Clinicopathologic characteristics according to molecular
subtype

The number of patients classified into each subtype was
599 (54.7%), 154 (14.1%), 39 (3.6%), and 160 (14.6%) for lumi-
nal A, luminal B, HER2, and TN, respectively. The distribu-
tion of T, N, M, stage, sex, and menopausal status according
to molecular subtype are given in Table 2. Notably, male 
patients accounted for five luminal A subtypes (0.8%), six 
luminal B subtypes (3.9%), and one unknown subtype (0.7%).
None of the male patients were classified into the HER2 or
TN subtypes. Although there was a tendency for the propor-
tion of patients to increase as the N stage or stage advanced

Table 2. Clinicopathologic characteristics according to molecular subtype of breast cancer

Group Luminal A Luminal B HER2 TN Unknown Chi-square test
p-value

All 599 (100) 154 (100) 39 (100) 160 (100) 144 (100) 
T stage

1 171 (28.5) 31 (20.1) 7 (17.9) 41 (25.6) 31 (21.5) 0.005
2 329 (54.9) 100 (64.9) 27 (69.2) 99 (61.9) 80 (55.6) 
3 83 (13.9) 16 (10.4) 2 (5.1) 15 (9.4) 22 (15.3) 
4 16 (2.7) 7 (4.5) 3 (7.7) 5 (3.1) 9 (6.3)
Unknown 0 ( 0 ( 0 ( 0 ( 2 (1.4) 

N stage
0 277 (46.2) 66 (42.9) 10 (25.6) 105 (65.6) 58 (40.3) < 0.001
1 201 (33.6) 56 (36.4) 15 (38.5) 33 (20.6) 59 (41.0) 
2 67 (11.2) 20 (13.0) 5 (12.8) 14 (8.8) 14 (9.7) 
3 46 (7.7) 10 (6.5) 7 (17.9) 8 (5.0) 6 (4.2) 
Unknown 8 (1.3) 2 (1.3) 2 (5.1) 0 ( 7 (4.9) 

M stage
0 494 (82.5) 124 (80.5) 37 (94.9) 136 (85.0) 121 (84.0) 0.059
1 10 (1.7) 2 (1.3) 1 (2.6) 2 (1.3) 7 (4.9) 
Unknown 95 (15.9) 28 (18.2) 1 (2.6) 22 (13.8) 16 (11.1) 

Stage
1 118 (19.7) 17 (11.0) 2 (5.1) 29 (18.1) 17 (11.8) < 0.001
2 328 (54.8) 93 (60.4) 24 (61.5) 102 (63.8) 77 (53.5) 
3 138 (23.0) 41 (26.6) 11 (28.2) 26 (16.3) 35 (24.3) 
4 10 (1.7) 2 (1.3) 1 (2.6) 2 (1.3) 7 (4.9) 
Unknown 5 (0.8) 1 (0.6) 1 (2.6) 1 (0.6) 8 (5.6) 

Sex
Female 594 (99.2) 148 (96.1) 39 (100) 160 (100) 143 (99.3) 0.007
Male 5 (0.8) 6 (3.9) 0 ( 0 ( 1 (0.7) 

Menopausal status
Premenopausal 132 (22.0) 30 (19.5) 7 (17.9) 39 (24.4) 20 (13.9) < 0.001
Postmenopausal 404 (67.4) 103 (66.9) 28 (71.8) 99 (61.9) 71 (49.3) 
Perimenopausal 18 (3.0) 5 (3.2) 2 (5.1) 7 (4.4) 7 (4.9) 
Unknown/Indeterminate 45 (7.5) 16 (10.4) 2 (5.1) 15 (9.4) 46 (31.9) 

Values are presented as number (%). HER2, human epidermal growth factor receptor 2; TN, triple negative. 
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amongst those with the HER2 subtype, no other significant
associations were observed between molecular subtype and
clinicopathologic features. 

3. Analyses of RPPA, mRNA, methylation, CNA, and 
mutation

Fig. 1 depicts the expression patterns of RPPA, mRNA-seq,
methylation, and CNA linear according to molecular subtype
of breast cancer. The luminal A and luminal B subtypes

showed upregulated expression of RPPA and mRNA-seq
and hypomethylation compared to the HER2 and TN sub-
types (all p < 0.001). The luminal A subtype showed a greater
degree of upregulation of RPPA and mRNA-seq and a
greater degree of hypomethylation than did the luminal B
subtype (all p < 0.001). No differences were observed 
between the HER2 and TN subtypes regarding the expres-
sion of RPPA, mRNA-seq, or methylation. Regarding CNA
linear, the luminal A subtype showed a higher mean value
than did the luminal B subtype (p=0.009) or the TN subtype
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(p=0.040) by t test, but it lost statistical significance by mul-
tiple comparison (S2 Table). The expression of mRNA 
microarray and CNA nonlinear showed similar patterns to
those of mRNA-seq and CNA linear (S3 Fig.). No BCL2
mutation was found in any of the subjects.

4. Association of RPPA and mRNA-seq with clinicopatho-
logic parameters

The number of patients in the low mRNA-seq group and
the high mRNA-seq group was 660 (60.4%) and 432 (39.6%),
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respectively, and the number in the low RPPA group and the
high RPPA group was 420 (47.4%) and 466 (52.6%), respec-
tively (Table 1). Although more advanced T stage was asso-
ciated with low mRNA-seq (78.9% and 67.1% for T2-4 in low
mRNA-seq and high mRNA-seq, respectively; p=0.001) and
low RPPA (81.9% and 73.0% for T2-4 in low RPPA and high
RPPA, respectively; p=0.015), M stage, sex, and meno-pausal
status were not associated with the expression of mRNA-seq
or RPPA. Although more advanced N stage and stage were
associated with low mRNA-seq (51.5% and 50.5% for N1-3
in low mRNA-seq and high mRNA-seq, respectively; p=0.007
and 85.5% and 76.6% for stage 2-4 in low mRNA-seq and
high mRNA-seq, respectively; p=0.001), they were not asso-
ciated with the expression of RPPA. Notably, the expression
of mRNA-seq and high RPPA were strongly associated with
estrogen receptor (ER) and progesterone receptor (PR) such
that high mRNA-seq and high RPPA were strongly associ-
ated with positive ER and positive PR (63.0% and 90.0% for
positive ER in low mRNA-seq and high mRNA-seq, respec-
tively; 52.9% and 80.6% for positive PR in low mRNA-seq
and high mRNA-seq, respectively; 55.0% and 87.3% for pos-
itive ER in low RPPA and high RPPA, respectively; 43.1%
and 77.3% for positive PR in low RPPA and high RPPA, 
respectively; all p < 0.001). High mRNA-seq and high RPPA
were also associated with negative HER2 (66.5% and 73.8%
for negative HER2 in low mRNA-seq and high mRNA-seq,
respectively; p < 0.001 and 64.8% and 73.6% for negative
HER2 in low RPPA and high RPPA, respectively; p=0.002).

5. Correlation analysis

Fig. 2 shows scatter plots created using data on RPPA,
mRNA-seq, mRNA microarray, methylation, and CNA lin-
ear according to molecular subtype of breast cancer. Positive
correlations were observed between RPPA and mRNA-seq,
between RPPA and mRNA microarray, and between mRNA-
seq and CNA linear. A negative correlation was observed 
between mRNA-seq and methylation. S4 Fig. depicts scatter
plots for all of the biological parameters and Fig. 3 shows a
3-dimensional scatter plot of RPPA, mRNA-seq, and methy-
lation. A strong correlation was found among RPPA, mRNA-
seq, methylation, and CNA linear in non-selected breast
cancer patients (all p < 0.001) (Table 3). The luminal A and
luminal B subtypes showed a strong correlation among all
of the biological parameters (all p < 0.001) except for a corre-
lation between methylation and CNA linear (p=0.008) in the
luminal B subtype. The HER2 subtype showed strong corre-
lations among most of the biological parameters, but weak
correlations were observed between RPPA and methylation
(p=0.034), RPPA and CNA linear (p=0.002), mRNA-seq and
methylation (p=0.009), mRNA-seq and CNA linear (p=0.016),
and methylation and CNA linear (p=0.015). The TN subtype

showed significant correlations among all of the biological
parameters except for the correlation between methylation
and CNA linear, and a weak correlation was observed 
between RPPA and CNA linear (p=0.001). S5 Table shows
the results of correlation analysis among all of the biological
parameters.

6. Survival analysis 

The subjects were categorized into a low BCL2 group and
a high BCL2 group according to the expression levels of
RPPA, mRNA-seq, methylation, and CNA linear. The low
BCL2 group was defined as RPPA low, mRNA-seq low,
methylation high, and CNA linear low. The high BCL2 group
was defined as RPPA high, mRNA-seq high, methylation
low, and CNA linear high. The high BCL2 group (n=171) had
a superior overall survival rate in comparison to the low
BCL2 group (n=114) (5-year survival rates were 86.1% and
71.8% for the high BCL2 group and the low BCL2 group, 
respectively; p=0.006) (Fig. 4). Seventy-three percent of lumi-
nal subtype patients and 91.1% of non-luminal subtype 
patients were classified into the high BCL2 group and the
low BCL2 group, respectively. Notably, 27.0% of luminal
subtype patients and only 8.9% of non-luminal subtype 
patients were classified into the low BCL2 group and the
high BCL2 group, respectively (S6 Table). BCL2 group was

Fig. 3.  Three-dimensional scatter plots depicting correla-
tions among reverse phase protein array (RPPA), mRNA
sequencing (mRNA-seq), and methylation according to
molecular subtype of breast cancer. HER2, human epider-
mal growth factor receptor 2; TN, triple negative.
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a significant factor by univariate analysis (hazard ratio, 0.426;
95% CI, 0.228 to 0.797; p=0.008) and it was still a significant
independent factor by multivariate analysis (hazard ratio,
0.362; 95% CI, 0.149 to 0.884; p=0.026) after being adjusted
with node positivity, metastasis, and menopausal status
which were also significant factors by univariate analysis 
(S7 Table). 

Discussion

In this study, we analyzed molecular aberrations in BCL2
across DNA, RNA, protein, and methylation status by ana-
lyzing TCGA database, and we attempted to reveal the rela-
tionship across clinical and biological parameters associated
with BCL2 regulation according to the molecular subtypes
of breast cancer. 

This study showed that the expression levels of BCL2 pro-
tein (RPPA) and mRNA (mRNA-seq, mRNA microarray)
were upregulated in the luminal A and luminal B subtypes
compared to the HER2 and TN subtypes. Hypomethylation
was observed in the luminal A and luminal B subtypes com-
pared to the HER2 and TN subtypes. Although CNA (CNA
linear or CNA nonlinear) showed a tendency towards 
increased amplification in the luminal A subtype compared
to the other subtypes, no prominent findings were observed.
In this study, no BCL2 mutation was found in any subject.
These findings suggest that increased expression of BCL2
protein or mRNA in the luminal A or luminal B subtypes
could mainly be associated with hypomethylation of BCL2,
and that copy number amplification of BCL2 might have little
association with BCL2 regulation in breast cancer. BCL2 reg-
ulation was irrespective of mutation status. Hwang et al. [14] 
reported that BCL2 protein expression as assessed by IHC
was positive in 88.8%, 76.4%, 18.3%, and 39.8% of cases with
the luminal A, luminal B, HER2, and TN subtypes, respec-

Group
RPPA mRNA-seq    Methylation CNA linear

Coefficienta) p-value Coefficienta) p-value     Coefficienta) p-value Coefficienta) p-value
RPPA

All - - 0.737 < 0.001       –0.682 < 0.001 0.338 < 0.001
Luminal A - - 0.684 < 0.001       –0.547 < 0.001 0.357 < 0.001
Luminal B - - 0.694 < 0.001       –0.713 < 0.001 0.456 < 0.001
HER2 - - 0.742 < 0.001       –0.488 0.034 0.481 0.002
TN - - 0.746 < 0.001       –0.584 < 0.001 0.299 0.001

mRNA-seq                      
All 0.737 < 0.001 - -               –0.648 < 0.001 0.450 < 0.001
Luminal A 0.684 < 0.001 - -               –0.551 < 0.001 0.502 < 0.001
Luminal B 0.694 < 0.001 - -               –0.587 < 0.001 0.572 < 0.001
HER2 0.742 < 0.001 - -               –0.581 0.009 0.382 0.016
TN 0.746 < 0.001 - -               –0.661 < 0.001 0.291 < 0.001

Methylation                      
All –0.682 < 0.001 –0.648 < 0.001                 - - –0.186 < 0.001
Luminal A –0.547 < 0.001 –0.551 < 0.001                 - - –0.184 < 0.001
Luminal B –0.713 < 0.001 –0.587 < 0.001                 - - –0.269 0.008
HER2 –0.488 0.034 –0.581 0.009                 - - –0.547 0.015
TN –0.584 < 0.001 –0.661 < 0.001                 - - –0.104 0.268

CNA linear                      
All 0.338 < 0.001 0.450 < 0.001           –0.186 < 0.001 - -
Luminal A 0.357 < 0.001 0.502 < 0.001           –0.184 < 0.001 - -
Luminal B 0.456 < 0.001 0.572 < 0.001           –0.269 0.008 - -
HER2 0.481 0.002 0.382 0.016           –0.547 0.015 - -
TN 0.299 0.001 0.291 < 0.001           –0.104 0.268 - -

Table 3. Correlation analysis among RPPA, mRNA-seq, methylation, and CNA linear

RPPA, reverse phase protein array; mRNA-seq, mRNA sequencing; CNA, copy number alteration; HER2, human epidermal
growth factor receptor 2; TN, triple negative. a)Pearson's correlation coefficient. 
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tively. Seong et al. [15] reported that BCL2 protein expression
was positive in 74.0%, 10.7%, 2.8%, and 12.5% of cases with
the luminal A, luminal B, HER2, and TN subtypes, respec-
tively. TCGA Network reported that, amongst those with
RPPA-defined luminal tumors, there was high protein 
expression of ER, PR, androgen receptor, BCL2, GATA bind-
ing protein 3, and inositol polyphosphate-4-phosphatase
type II B, defining mostly luminal A cancers and a second
more heterogeneous protein subgroup comprising both 
luminal A and luminal B cancers. They also reported that 
luminal mRNA subtype/HER2-positive tumors showed
higher expression of the luminal gene cluster, including
GATA binding protein 3, BCL2, and estrogen receptor 1, than
did HER2 mRNA subtype/HER2-positive tumors [18]. Little
has been revealed about methylation, CNA, and mutations
in BCL2 in breast cancer in previous reports. 

The expression levels of BCL2 protein and mRNA were
strongly associated with the status of ER, PR, and HER2; high
expression of protein or mRNA was strongly associated with
ER/PR and negatively correlated with HER2. Previous 
papers reported associations between the expression of BCL2
and ER, PR, and HER2 [14,22-25]. Bouchalova et al. [22] 
reported that 86% of breast cancer patients with positive
BCL2 protein expression were positive for ER as assessed by
IHC and 69% of patients negative for BCL2 protein expres-
sion were also negative for ER. Hwang et al. [14] reported
that BCL2 protein expression was positive in 81.0%, 69.8%,
and 12.4% of breast cancer patients who were positive for ER,

PR, and HER2, respectively, and that BCL2 protein expres-
sion was positive in 18.1%, 29.9%, and 74.2% of patients neg-
ative for ER, PR, and HER2, respectively. Although a
negative association has been reported between BCL2 pro-
tein expression and stage of breast cancer [13,14,26,27], this
study showed a weak or absent association between cancer
stage and expression of BCL2 protein or mRNA.

Scatter plots depicting the biological parameters showed
a strong positive correlation between protein and mRNA lev-
els and a strong negative correlation between methylation
and mRNA levels. Correlation analysis also revealed a strong
positive correlation between protein and mRNA levels and
a strong negative correlation between methylation and pro-
tein or mRNA levels. CNA showed a weak positive correla-
tion with protein and mRNA levels and a weak negative
correlation with methylation status. These findings also sug-
gest that the expression of BCL2 protein or mRNA is strongly
correlated with methylation and that CNA plays a minor role
in BCL2 regulation in breast cancer. Regarding the molecular
subtypes of breast cancer, the luminal A and luminal B sub-
types showed strong correlations among all of the biological
parameters, except for a weak correlation between methyla-
tion and CNA in the luminal B subtype. The HER2 subtypes
showed relatively weak correlations among the biological
parameters compared to the luminal A and luminal B sub-
types. The HER2 subtype showed weak correlations between
CNA and the other biological parameters including RPPA,
mRNA, and methylation. The HER2 subtype also showed a
weak correlation between methylation and the other biolog-
ical parameters. The TN subtype showed a weak correlation
between CNA and RPPA and no correlation between CNA
and methylation level. We could not find reference papers
that described correlations among the biological parameters
related to BCL2 in breast cancer.

Survival analysis in this study revealed that the high BCL2
group showed a superior overall survival rate compared to
the low BCL2 group. Not only BCL2 group was a significant
prognostic factor by univariate analysis, but also it was a sig-
nificant independent prognostic factor by multivariate analy-
sis. The survival difference according to BCL2 expression
was not so prominent by survival analysis using this TCGA
dataset of breast cancer. While the extreme patient groups of
both ends in the spectrum of the subjects according to BCL2
expression only showed the survival difference, simple
groupings of the whole subjects into two groups according
to BCL2 expression did not show the survival difference in
this study. The high BCL2 group was significantly associated
with the luminal A and luminal B subtypes and the low
BCL2 group was mostly assigned to the HER or TN sub-
types. High BCL2 protein expression has been reported to be
associated with favorable prognosis in patients with breast
cancer. Hwang et al. reported that BCL2 protein expression

Fig. 4.  Overall survival curves according to the expression
levels of reverse phase protein array (RPPA), mRNA 
sequencing (mRNA-seq), methylation, and copy number
alteration (CNA) linear. 
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as assessed by IHC was a powerful independent prognostic
factor in patients with breast cancer, and they also reported
that favorable clinicopathologic features and a strong corre-
lation with the hormonal receptor may be causes of the 
superior survival rate in patients with BCL2-positive breast
cancer [13]. BCL2 protein expression was reported to have
different prognostic importance in different molecular sub-
types of breast cancer. Although Dawson et al. [11] reported
that BCL2 is an independent favorable prognostic factor for
all subtypes of early-stage breast cancer including TNBC,
Seong et al. [15] reported that BCL2 was an independent 
favorable prognosticator only in patients with the luminal A
subtype. Hwang et al. [14] reported that BCL2 was a strong
favorable prognostic factor in those with the luminal A sub-
type and a marginally significant favorable prognostic factor
in patients with the luminal B subtype. They also reported
that BCL2 had no prognostic importance in patients with the
HER2 and TN subtypes [14]. We could not find any publica-
tions that report the prognostic roles of mRNA, CNA, or
methylation of BCL2 in breast cancer. 

In this study, we attempted to identify the clinical signifi-
cance of BCL2 aberrations in breast cancer by an analysis of
the clinical and biologic information available in TCGA data-
base. This study has several limitations. First, as the number
of subjects was relatively small, the statistical power might
be limited, especially in the subgroup analyses. Second, the
results of this study were not externally validated, thus 
necessitating further studies. Third, this study did not ana-
lyze the interactions between BCL2 and other related genes. 

In conclusion, the regulation of BCL2 was mainly associ-
ated with methylation across the molecular subtypes of
breast cancer, and luminal A and luminal B subtypes showed
upregulated expression of BCL2 protein, mRNA and hypo-
methylation. Although CNA could play a minor role in reg-
ulation of BCL2, mutation was not related to BCL2 regu-
lation. Upregulation of BCL2 was associated with superior
prognosis in comparison to downregulation of BCL2 in
breast cancer.
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