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Bcl-2 promotes metastasis through the epithelial-to-mesenchymal
transition in the BCap37 medullary breast cancer cell line
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Abstract. Metastatic breast cancer is one of the major types
of cancer in women. However, despite being the focus of
considerable research efforts, its molecular mechanism
remains to be fully elucidated. The B-cell lymphoma/leukemia
gene-2 (Bcl-2) protein is well known for its role in inhibiting
programmed cell death/apoptosis. However, little is known
concerning its function in cell invasion and migration. In the
present study, cell migration and invasion assays revealed that
anti-apoptotic Bcl-2 protein induced migration and invasion
without affecting cell proliferation in the BCap37 breast cancer
cell line. In addition, it was found that the overexpression of
Bcl-2 in BCap37 cells increased metastasis to the lung in a
mouse model. Using western blotting and RT g-PCR analysis,
it was demonstrated that the overexpression of Bcl-2 inhibited
the expression of E-cadherin, an epithelial marker, whereas
it increased the levels of mesenchymal markers N-cadherin
and vimentin. Therefore, the results suggested that Bcl-2
may induce cellular metastasis in breast cancer via the
epithelial-to-mesenchymal transition.

Introduction

Breast cancer accounts for 25% of all cancer cases around
the world. In 2012, breast cancer was reported to cause
15% of all cancer-associated mortality among women (1).
Furthermore, cancer metastasis is the major cause of
cancer-associated mortality. Metastatic breast cancer is one
of the most life-threatening types of cancer in women, with a
mortality rate of >400,000 each year worldwide (2). A series
of molecular mechanisms are associated with the migration
and invasion of breast cancer cells, including the upregulated
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expression of matrix metalloproteinases, the promotion of
the epithelial-to-mesenchymal transition (EMT), and the
activation of nuclear factor-xB, cancer-induced angiogenesis,
vascular endothelial growth factor, and mammalian target of
rapamycin signaling pathways (3,4). However, cancer metas-
tasis is a complex process and a detailed understanding of its
mechanism requires further investigation.

B-cell lymphoma/leukemia gene-2 (Bcl-2) is the first
proto-oncogene to be demonstrated to function by inhibiting
programmed cell death/apoptosis (5). Bcl-2 integrates multiple
survival- and death-related signals, which are generated
within the cell (5-7). However, the mechanisms underlying
the non-apoptotic functions of Bcl-2 remain to be fully eluci-
dated. Previously, Bcl-2 was found to be involved in cancer
cell invasion and metastasis (8). At the cellular level, the
overexpression of Bcl-2 was reported to increase invasion and
migration in glioma (9,10), lung (11) and breast cancer (12,13).
In animal models, Kang et al showed that the overexpres-
sion of Bcl-2 mediated the metastasis of the MDA-MB-231
human mammary epithelial cell line to the bone (14). Bcl-2 has
subsequently been shown to induce cellular metastasis to the
lung with in mouse EpH4 mammary epithelial cell line (15).
Efforts made to develop chemical inhibitors of BCL-2 have
been reported extensively (16). In primary breast cancer, ~75%
of cases express elevated levels of Bcl-2, of which 85% are
estrogen receptor (ER)-positive and 50% are human epidermal
growth factor receptor 2 (HER-2)-positive tumors (17,18). In
breast cancer, there appears to be a correlation between a
high level of Bcl-2 and a poorer clinical outcome (19,20). The
analysis of patient samples has shown that the expression of
Bcl-2 in cancer cells was associated with liver metastasis in
breast (21) and colorectal (22) cancer. Additionally, upregula-
tion in the expression of Bcl-2 was found during the progression
from pre-invasive lesions to invasive carcinoma in lung cancer
samples (11). The overexpression of Bcl-extra large (Bcl-XL),
another member of the Bcl-2 family, induces invasion and
metastasis (lymph node or distal metastasis) in patients with
breast cancer (22). This evidence led the present study to focus
on the function of Bcl-2 in the invasion and migration of breast
cancer.

The EMT is one of the key events in cancer invasion
and metastasis. It has been reported that reversing EMT
may suppress the metastasis of breast cancer (23). The
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overexpression of N-cadherin in MCF-7 breast cancer
cells also induces cell migration, invasion and metastasis,
without altering the endogenous expression or adhesiveness
of E-cadherin (24). Furthermore, it was reported that Bcl-2
regulated Twist-targeted genes, including the E-cadherin
gene (13,25). The overexpression of Bcl-2 may inhibit the
expression of E-cadherin and promote EMT in different types
of cell (13,26,27). Therefore, Bcl-2 may be involved directly or
indirectly in the transcriptional regulation of EMT.

In the present study, it was shown that the overexpression
of the anti-apoptotic protein Bcl-2 increased the migration of
BCap37 cells, an ER-negative, HER2-positive human medul-
lary breast cancer cell line (28) and induced cancer metastasis
in vivo. The results also indicated that this Bcl-2-induced
metastasis may result from the progression of EMT.

Materials and methods

Mice and cell lines. Female Balb/c mice were purchased from
Vital River Laboratories, Co., Ltd. (Beijing, China). The BCap37
human breast cancer cell line was purchased from the Cell Bank
of the Chinese Scientific Academy (Shanghai, China). The
BCap37 cells were cultured in Roswell Park Memorial Institute
(RPMI)-1640 medium (cat. no. 31800105; Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) supplemented with
10% fetal bovine serum (FBS; cat. no. 04-0101-1; Biological
Industries USA, Inc., Cromwell, CT, USA). The cell culture
medium was replaced every 2-3 days, and cells were passaged
using 0.25% trypsin-EDTA (cat. no. 25200056; Gibco; Thermo
Fisher Scientific, Inc.), once they reached 90% confluence. The
cultures were maintained at 37°C, 5% CO, in a water-jacketed
incubator (Thermo Fisher Scientific, Inc.).

Knock down of Bcl-2 in BCap37 cells. The Bcl-2 short hairpin
(sh)RNA 5-CCGGCGTGATGAAGTACATACATTACTCGA
GTAATGTATGTACTTCATCACGTTTTTG-3'(BC-shRNA-Bcl2
#1) or 5-CCGGGCACACCTGGATCCAGGATAACTCGA
GTTATCCTGGATCCAGGTGTGCTTTTTG-3'(BC-shRNA-Bcl2
#2) sequences were cloned into the pLKO.1-TRC cloning vector.
The plasmids were transfected into 293T cells (Cell Bank of the
Chinese Academy of Sciences, Beijing, China) using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.)
and the supernatant containing lentiviral plasmids was collected
to infect BCap37 cells. RNA silencing was analyzed using
reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) and western blot analyses.

Vector construction, lentivirus production and cell transfection.
A Bcl-2 overexpression vector was constructed by introducing
the Bcl-2 coding sequence into the pCDH-CMV-EF1-Puro
vector (pLVX-Bcl2). The Bcl-2 cDNA sequence was ampli-
fied from BCap37 cDNA using the forward 5-ATAGCTAGC
GCCACCATGGCGCACGCTGGGAGAACA-3" and reverse
5-ATAGCGGCCGCTCACTTGTGGCCCAGATAGGCAC-3'

primers (the thermocycling steps are provided in Table I). The
pLVX-Bcl2 vector was mixed with the psPAX2 and PMD2.G
packaging plasmids, and cotransfected into the 293T cells using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. The virus parti-
cles were harvested 48 h following transfection. The BCap37
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cells were infected with the harvested recombinant lentivirus
and were isolated using puromycin to establish stable cell lines
constitutively overexpressing Bcl-2 (BC-Bcl2). BCap37 cells
transfected with an empty lentiviral vector served as a control
(BC-Mock).

RNA isolation and RT-gPCR analysis. Total RNA was
isolated using RNAiso Plus (Takara Biotechnology Co.,
Ltd., Dalian, China) and transcribed into cDNA using the
PrimeScript RT Reagent kit (Takara Biotechnology Co.,
Ltd.). The RT-qPCR was performed using an ABI 7500
FAST Real-Time PCR system (Applied Biosystems; Thermo
Fisher Scientific, Inc.) and a SYBR Green PCR kit (cat.
no.RR420A, Takara Biotechnology Co., Ltd.). The thermocy-
cling steps were according to the manufacturer's instruction
and the qPCR primers were shown in Table II. The relative
expression levels of mRNA were quantified with the 242Cq
method (29), following normalization using GAPDH endog-
enous reference.

Wound-healing assays. Following transfection, the cells were
grown to 100% confluence in six-well plates. A micropipette tip
was used to introduce a cross wound, and wound healing was
observed 48 h later. Images were captured under phase-contrast
microscopy (Olympus, Tokyo, Japan), immediately or 48 h
following wounding.

Cell proliferation assay. Cell proliferation was analyzed using
the Cell Counting kit-8 assay (CCKS; Dojindo Molecular
Technologies, Inc., Kumamoto, Japan). The BCap37,
BC-shRNA-NC, BC-shRNA-Bcl2, BC-Mock or BC-Bcl?2 cells
were seeded into 96-well plates at a density of 1,000 cells per
well and the growth rates were subsequently evaluated. Each
assay was performed in triplicate.

Cell migration and invasion assay. The cell migration and
invasion assays were performed using Transwell chambers
(EMD Millipore, Boston, MA, USA). For the invasion assay,
the inserts were coated with Matrigel (BD Biosciences,
Franklin Lakes, NJ, USA) on the upper surface. Following
transfection, 6x10* BCap37 cells were suspended in 0.2 ml
serum-free medium and added to the inserts. Subsequently,
0.6 ml RPMI-1640 medium supplemented with 10% FBS
was added to the lower compartment, as a chemoattractant.
Following incubation at 37°C for 24 h, the cells on the upper
surface of the membrane were carefully removed using a
cotton swab, and the cells on the lower surface were fixed
with 100% methanol and stained with 0.1% crystal violet.
Five visual fields (magnification, x200) of each insert were
randomly selected and counted using light microscopy.

Western blot analysis. Cellular proteins were isolated in a
protein extraction buffer (Beyotime Institute of Biotechnology,
Haimen, China). Equal quantities (40 ug/lane) of proteins were
fractionated on 6-10% SDS-PAGE gels and transferred onto
polyvinylidene difluoride membranes. The membranes were
incubated with anti-Bcl2 (1:1,000 dilution; cat. no. sc-130307),
anti-E-cadherin (1:1,000 dilution; cat. no. sc-59780) and
anti-vimentin (1:1,000 dilution; cat. no. sc-80975) primary
antibodies (Santa Cruz Biotechnology, Inc., Santa Cruz,
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Table I. Thermocycling steps for B-cell lymphoma 2 gene
amplification.

98°C 2 min (Ramp rate: 4.4°C/sec) 1 cycle
98°C 10 sec (Ramp rate: 4.4°C/sec) 35 cycles
55°C 15 sec (Ramp rate: 2.2°C/sec)

72°C 15 sec (Ramp rate: 2.2°C/sec)

72°C 10 min (Ramp rate: 2.2°C/sec) 1 cycle
4°C 1 min (Ramp rate: 2.2°C/sec) 1 cycle

Table II. Primers used for reverse transcription-quantitative
polymerase chain reaction.

Primer Sequence (5'-3")

BCL-2-F GTCTTCGCTGCGGAGATCAT
BCL-2-R CATTCCGATATACGCTGGGAC
GAPDH-F GGAGCGAGATCCCTCCAAAAT
GAPDH-R GGCTGTTGTCATACTTCTCATGG

CA, USA) at 4°C overnight. Then, the blots were incubated
for 2 h at room temperature in a 1:10,000 dilution of HRP
goat anti-rabbit IgG antibody (cat. no. ab6721; Abcam,
Cambridge, UK) after 3 washes with PBST. After extensive
washing, antibody detection was accomplished with a sensi-
tive substrate (Immun-Star™ Western C™ kit, 170-5070;
Bio-Rad Laboratories, Inc., Hercules, CA, USA). p-actin
(1:1,000 dilution; cat. no. ab20272; Abcam) was used for the
normalization of protein loading. The image densitometry was
performed using Image Lab software (version 5.2.1 Bio-Rad
Laboratories).

Examination of tumor growth and metastasis in vivo. To
develop human breast xenografts, in vitro grown BCap37,
BC-shRNA-C, BC-shRNA-Bcl2, BC-Mock and BC-Bcl2
cells (1x10° cells in 0.2 ml PBS) were implanted into the
right flanks of homozygous female nude athymic mice
(5-6 weeks old abd weighing 17-21 g). The mice were housed
in a temperature-controlled environment with 12 h light
and dark cycles and received a standard food and water diet
ad libitum. Two perpendicular diameters (width and length)
of the mouse tumors were measured three times a week
until the animals were sacrificed after 30 days. In addition, a
tumor growth curve was drawn based on the tumor volume
and the corresponding time (days) post-injection. When the
animals were sacrificed, the lungs were harvested and fixed
in 10% neutral formalin and embedded in paraffin. 4 ym
sections were prepared and stained with hematoxylin and
eosin (H&E), followed by examination under a microscope
and image capture. The area of metastasis (pixels) of each
lung metastasis from different injection groups was calculated
using Adobe Photoshop (version CS5; Adobe Systems, Inc.,
San Jose, CA, USA). Each dot represented the sum of pixels
in the lung metastases in the paraffin-embedded section for
each mouse (magnification, x200). Data are representative of
at least three separate experiments.
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Statistical analysis. Statistical analyses were performed using
GraphPad Prism Software (GraphPad Software, Inc., La Jolla,
CA, USA). Briefly, data are presented as the mean + standard
error of the mean or mean + standard deviation of three inde-
pendent experiments. Two-way analysis of variance (ANOVA)
followed by Bonferroni's post-hoc test was used to compare
the means of groups affected by two independent factors,
whereas a one-way ANOVA followed by Tukey's post-hoc test
was used to compare the means of three independent groups.
Student's t test was used to compare the means of two indepen-
dent groups. P<0.05 was considered to indicate a statistically
significant difference.

Ethics statement. All animal experiments in the present study
were approved by Zhejiang University Animal Care Committee
(Hangzhou, China). All animal manipulations were performed
in accordance with the National Institutes of Health Guide
for the Care and Use of Laboratory Animals (NIH, eighth
edition), revised in 2012. The mice were sacrificed using
carbon dioxide inhalation. All surgery was performed under
sodium pentobarbital anesthesia, and all efforts were made by
the attending skilled technician to minimize suffering.

Results

Proliferation of BCap37 cells is not affected by the expression
of Bcl-2 in vivo or in vitro. To investigate the effects of Bcl-2
in breast cancer cells in the present study, the expression of
Bcl-2 in the BCap37 human breast cancer line was increased
or silenced. To increase the expression of Bcl-2, BCap37 cells
were transfected either with a CMV promoter-driven Bcl-2
expression vector (BC-Bcl2 1# and BC-Bcl2 2#) or with an
empty vector (BC-Mock). Stable cell lines were established
and expanded. To inhibit the expression of Bcl-2, the cells were
transduced with a lentiviral vector expressing sShARNA-Bcl2
(BC-shRNA-Bcl2 1# and BC-shRNA-Bcl2 2#) or with an
empty vector (BC-shRNA-NC). The expression level of Bcl-2
in the different cell lines was verified by RT-qPCR and western
blot analyses. Bcl-2 was expressed at high levels in the BC-Bcl2
cells, compared with its expression in the BC-Mock cells
(Fig. 1A and B). Furthermore, Bcl-2 was effectively silenced
in the BC-shRNA-Bcl2 cells, when compared with its level in
the BC-shRNA-NC cells. BC-Bcl2 2# and BC-shRNA-Bcl2
1# were selected for the following experiments.

To examine the effect of Bcl-2 on the proliferation of
BCap37 cells in vitro, the growth rate of BCap37 cells was
compared following varying of the expression of Bcl-2. Using
the CCKS assay, no significant differences were observed
in the growth rates of the BCap37, BC-Mock, BC-Bcl2,
BC-shRNA-NC or BC-shRNA-Bcl?2 cells (Fig. 1C).

Subsequently, to assess the effect of Bcl-2 on the
proliferation kinetics of BCap37 cells in vivo, the
above-mentioned cells were implanted into the right flanks
of homozygous nude athymic mice. The tumor volumes
following implantation of the different cells were measured
every 3 days. After 30 days, when the animals were sacrificed,
the mean tumor volumes in the BCap37, BC-Mock, BC-Bcl2,
BC-shRNA-NC and BC-shRNA-Bcl2 groups were similar at
~2,059.7+311.1, 2,048.3£290.6, 1,855.5+447.4, 1,898.3+277.2
and 1,806.5+£355.1 mm?, respectively (n=5 for each group,



8994

DU et al: Bel-2 PROMOTES METASTASIS THROUGH EMT IN MEDULLARY BREAST CANCER CELLS

Ase —2— Bs s
£ 2 ek
c 3 * c
i =z fu ==
8 =S 3
: —
actin
2 - B- 3 o = B-actin
0 4 \pd" LAWE-12 2
b= AN ot o0 2 S g%
& SV oy 5 b 2 0 ”
@ od : & 00- T 5‘*‘?3\ W \ﬁ"g‘
& wk o L ¥ o o L a® &
X a9 & ¥ G A o7 oo
¢ & 3 S < & ©
< % It & ¥ ¥
@ A4 P 3 =
9] & &
@ 0'%0 D’r}\
Q <
C D 2500+
1. 1 E 20001
€ o T O % - BCap37
£ § £ 1500+ -# BC-shRNA-NC
C g o —2 1000 —+ BC-shRNA-Bcl2
§ 0.4 —— BCap37 a 0.4 - BCap37 g -*- BC-Mock
g 0. n,s.[-— BC-Mock g 0. n.s.| == BC-shRNA-NC g 5004 —— BC-Bcl2
o —~~ BC-Bcl2 —=- BC-shRNA-Bci2 =
0.0+ T T T 1 0.0+ T T T 1 T T T 1
0 20 40 60 80 0 20 40 60 80 cu 10 20 30 40
Time (h) Time (h) Time (days)

Figure 1. Proliferation of BCap37 cells is not atfected by the expression of Bcl-2 in vivo or in vitro. Results of reverse transcription-quantitative polymerase
chain reaction (left) and western blot (right) analyses showed that (A) Bcl-2 was expressed at high levels in BC-Bcl2 cells, compared with its levels in BC-Mock
cells, and (B) Bcl-2 was effectively silenced in the BC-shRNA-Bcl2 cells, compared with the BC-shRNA-NC cells. Protein levels were quantitated by densi-
tometry. (C) CCKS assay revealed no statistically significant difference in relative cellular viability of BCap37 cells upon Bcl-2 overexpression or silencing,
compared with the control. (D) Tumor growth was not affected by Bcl-2 in BCap37 tumor xenografts. Nude athymic mice were implanted with BCap37,
BC-shRNA-NC, BC-shRNA-Bcl2, BC-Mock, and BC-Bcl2, respectively (n=5 for each group). The tumor growth curves in each group are shown. The data
are presented as the mean + standard deviation of three independent experiments. "‘P<0.05, “P<0.01, ""P<0.001. BC, BCap37 cell; Bcl-2, B-cell lymphoma 2;
shRNA, short hairpin RNA; NC, negative control; CCK8, Cell Counting kit-8; n.s., not significant.

Fig. 1D). There were no significant statistical differences
among tumor volumes for the different cell groups. In
conclusion, the proliferation of BCap37 cells was not affected
by the expression of Bcl-2, neither in vitro nor in vivo.

Bcl-2-overexpressing BCap37 cells exhibit a higher migra-
tory and invasive capacity, compared with control cells
in vitro. Subsequently, the present study examined whether
Bcl-2 affected the migration and invasion capacity of BCap37
cells. Using a wound-healing assay, it was observed that
the inhibition of Bcl-2 in BCap37 cells was associated with
the inhibition of wound closure, compared with that in the
control. Additionally, the overexpression of Bcl-2 in BCap37
cells accelerated wound closure (Fig. 2A and B). A migra-
tion chamber assay was used to verify the role of Bcl-2 in
cell motility. Bcl-2 significantly promoted the migration of
BCap37 cells, whereas the knockdown of Bcl-2 in BCap37
cells inhibited their migration (Fig. 2C upper panel, and D).
The invasion chamber assay showed that Bcl-2 increased the
invasive capacity of the BCap37 cells. Taken together, these
results suggested that Bcl-2-overexpressing BCap37 cells
exhibit a higher migratory and invasive capacity, compared
with control cells in vitro.

Bcl-2 induces lung metastasis of BCap37 cells in vivo. To
investigate the effect of Bcl-2 on the kinetics of metastasis
of BCap37 cells in vivo, BCap37, BC-Mock, BC-Bcl2,
BC-shRNA-NC or BC-shRNA-Bcl2 cells were implanted
into the right flanks of homozygous nude athymic mice.
Following sacrifice of the animals 30 days post-implantation,

the lungs were harvested and stained with H&E. As shown
in Fig. 3A and B, the overexpression of Bcl-2 significantly
induced the migration of BCap37 cells to the lung. Therefore,
Bcl-2 induced the metastasis of BCap37 cells in vivo.

Overexpression of Bcl-2 in BCap37 cells induces the
progression of EMT. To investigate the effect of Bcl-2 on
the progression of EMT, a western blot assay was used to
detect the protein levels of EMT markers in cells expressing
BC-Mock BC-Bcl2, BC-shRNA-NC or BC-shRNA-Bcl2.
The western blot results showed that the overexpression of
Bcl-2 inhibited the expression of E-cadherin (an epithelial
marker), but increased the levels of N-cadherin and vimentin
(mesenchymal markers). In addition, the inhibition of Bcl-2 led
to an increase in the expression of E-cadherin, but inhibited the
expression of N-cadherin and vimentin (Fig. 4). These results
are in agreement with previous reports (18,21), suggesting that
the overexpression of Bcl-2 increases breast cancer invasion
and metastasis by inducing EMT.

Discussion

Bcl-2 is known as the first proto-oncogene by inhibiting apop-
tosis, however, the role of Bcl-2 in breast cancer migration
and metastasis remains to be fully elucidated. In the present
study, it was first found that the proliferation of BCap37 cells
was not affected by the expression of Bcl-2, neither in vitro
nor in vivo. It has been reported that the knockdown of Bcl-2
has no anti-proliferative effects on colorectal cancer cells (30).
Presumably, this may be due to the antagonistic effect of
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Figure 2. Bcl-2-overexpressing BCap37 cells exhibit a higher migratory and invasive capacity, compared with control cells in vitro. (A) Representative micro-
graphs (magnification, x100) and results of (B) wound-healing assay in cells expressing BC-shRNA-NC, BC-shRNA-Bcl2, BC-Mock and BC-Bcl2, performed
with a 48-h recovery period. Relative migration was calculated as follows: (Cell covered areas (48 h)/Cell covered areas (0 h)). (C) Representative micrographs
of Transwell (D) migration and (E) invasion assays (magnification, x200). Bcl-2 enhanced the migratory and invasive capacity of BCap37 cells in vitro. The
data are presented as the mean + standard deviation of three independent experiments. “P<0.01, “"P<0.001. BC, BCap37 cell; Bcl-2, B-cell lymphoma 2;

shRNA, short hairpin RNA; NC, negative control.

other members of the Bcl-2 family, of which there are several
members and a number of which have an anti-proliferative
function, with others having the opposite effect. For example,
Bcl-2-associated X factor can have negative effects on the
anti-apoptotic function of Bcl-2 by forming two dimers with
Bcl-2 (31). The present study found that Bcl-2 promoted
the migration and metastasis of BCap37 cells in vitro and

Bcl-2-overexpressing BCap37 cells were more likely to transfer
to the lungs in mice. In line with previous findings, the present
study showed the ability of Bcl-2 to regulate cancer invasion
and metastasis, and is the first, to the best of our knowledge,
to report its function specifically in breast cancer. EMT is one
of the key and common events occur in the early age of cancer
development. In the present study, it was observed that Bcl-2
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Figure 3. Bcl-2 induces the metastasis of BCap37 cells to the lung in vivo. BCap37, BC-Mock BC-Bcl2, BC-shRNA-NC or BC-shRNA-Bcl2 cells were
implanted into the right flanks of homozygous nude athymic mice (n=5 for each group). (A) Representative micrographs (magnification, x200) and (B) results
of histopathological analyses of lung tissues from each group, 30 days post-implantation. ““P<0.001. BC, BCap37 cell; Bcl-2, B-cell lymphoma 2; shRNA,

short hairpin RNA; NC, negative control.
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Figure 4. Overexpression of Bcl-2 in BCap37 cells induces the progression of epithelial-to-mesenchymal transition. Western blot assay of cells expressing
BC-Mock BC-Bcl2, BC-shRNA-NC or BC-shRNA-Bcl2. Quantification showed that the overexpression of Bcl-2 inhibited the expression of E-cadherin, but
increased the levels of N-cadherin and vimentin. The inhibition of Bcl-2 increased the expression of E-cadherin, but inhibited that of N-cadherin and vimentin.
Protein levels were quantified by densitometry. BC, BCap37 cell; Bcl-2, B-cell lymphoma 2; shRNA, short hairpin RNA; NC, negative control.

induced EMT progression in BCap37 cells, indicating the
early and extensive involvement of Bcl-2 in regulating cancer
invasion.

As Bcl-2 is vital in tumorigenesis and neoplastic progres-
sion, it may be a promising candidate for anticancer therapy.
Previous findings confirmed that Bcl-2 offers potential as a
prospective drug target. Several small molecular inhibitors
of Bcl-2, including ABT-737 and ABT-199, have been inves-
tigated extensively (16,32). ABT-737, designed to neutralize
the prosurvival proteins BCL-2, BCL-XL and BCL-W, was
reported to improve anti-estrogen tamoxifen susceptibility in
the treatment of ER-positive breast cancer and triple negative
breast tumor xenografts (18,33,34). In addition, it has been

reported that herceptin-resistant breast cancer cells show
increased sensitivity to ABT-737, suggesting that ABT-737
offers potential as a therapeutic agent (35). ABT-199 (vene-
toclax), a potent Bcl-2-selective inhibitor previously approved
by the Food and Drug Administration for the treatment of
chronic lymphocytic leukemia, was reported to be effec-
tive in breast cancer treatment, with satisfactory safety and
efficacy (36,37). The combination of Bcl-2/Bcl-x1 inhibitor
ABT-263/ABT-199 with cyclin-dependent kinase 7 inhibitor
thzl can further promote anti-proliferation and induce apop-
tosis in human triple-negative breast tumor cells (38), showing
the compatibility of Bcl-2 chemical inhibitors with other
chemotherapeutic drugs.
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In conclusion, the present study comprehensively investi-
gated the effect of Bcl-2 on the motility of the BCap37 cell
line. It was found that Bcl-2 did not affect the proliferation of
BCap37 cells, but promoted cell invasion in vitro and in vivo.
In addition, a lung metastasis mouse model of breast cancer
was developed, which may be used to evaluate the effective-
ness of certain novel medications for metastatic breast cancer
in further investigations. For example, one first-in-class
CDK4/6 inhibitor, palbociclib, was approved for the treatment
of postmenopausal women with ER(+), HER2(-) advanced
breast cancer in combination with letrozole, and achieved a
good outcome (39-41). In addition, utidelone, an analog of
epothilone, has been tested in a phase II trial as a monotherapy
or in combination with capecitabine in patients with heavily
pre-treated metastatic breast cancer, and the results showed
marked advantages of this novel medication with higher
efficacy and tolerability (42). The mouse model established in
the present study may be used by others to assess these novel
agents in vivo. Upon implantation of breast cancer cells and
successful model establishment, these agents can be trans-
ferred into the body by intravenous injection to determine
their effect on tumor growth featured by the number and size
of lung metastases. In addition, the combination of agents
and cancer cell lines can vary according to the investigation
design. For example, as a supplement, the MCF-7 cell line,
which expresses ERs, but not HER2, may be used in the model
to assess the effect of palbociclib mentioned above. However,
the molecular mechanisms underlying the different effects of
Bcl-2 on proliferation, migration and invasion require further
investigation.
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