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BTG1 inhibits breast cancer cell growth through
induction of cell cycle arrest and apoptosis
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Abstract. BTG1, which belongs to the BTG/Tob family,
regulates cell cycle progression in a variety of cell types and
appears to play roles in inhibiting proliferation, promoting
apoptosis and stimulating cellular differentiation in multiple
cell types. However, it remains unclear whether BTGl is a
breast cancer suppressor gene, and the role of BTGI in
breast cancer cell growth has not yet been determined. In the
present study, we observed that BTGl was weakly expressed
in human breast tumors and in breast cancer cells (MCF-7
and MDA-MB-231). In addition, we investigated the potential
effects of BTG1 on breast cancer cell proliferation, cell cycle
distribution and apoptosis after stable transfection with the
BTGI expression vector. We found that overexpression of
BTG inhibited cell proliferation, induced GO/G1 cell cycle
arrest and promoted apoptosis. Further investigation indicated
that overexpression of BTGI was involved in the inhibition
of the expression of cell cycle-related proteins, cyclin Bl and
cyclin D1, and pro-apoptotic factors, Bax and caspase-3, and
was also involved in the promotion of anti-apoptotic factor
Bcl-2. In vivo, animal experiments showed that tumors over-
expressing BTG1 displayed a slower growth rate than the
control xenografts. TUNEL end staining assay revealed that
BTGI induced tumor necrosis and apoptosis. Taken together,
our data revealed that, in breast cancer cells, BTGI inhibits
cell growth through induction of cell cycle arrest and apop-
tosis. These results indicate that BTG1 may be used as a novel
therapeutic target for human breast cancer treatment.
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Introduction

Breast cancer is the most common malignancy and the major
cause of cancer-related mortality in women worldwide (1).
Although the 5-year survival rate has greatly increased with
advances in the detection and treatment, many breast cancer
patients still die from tumor malignancy. Therefore, more
effective methods for the prevention and treatment are greatly
needed.

BTGI was originally identified as a translocation partner
of the c-MYC gene in a case of B-cell chronic lymphocytic
leukemia and belongs to a family of antiproliferative genes
that also includes BTG2, BTG3, TOB and TOB2 (2,3). Proteins
encoded by members of this gene family have been implicated
in the induction of growth arrest or apoptosis in a variety of
cell systems (4). Overexpression of BTGl was found to block
proliferation during normal erythroid differentiation (5) and
to induce growth arrest in a B-cell lymphoma model (6). One
study demonstrated that BTG1 regulates the glucocorticoid
receptor (GR)-dependent transcriptional response in leukemic
cells (7), which indicates that this gene is an important target
for modulating therapeutic response. The BTGI protein has
no proven intrinsic enzymatic activity, but the presence of
several protein interaction domains suggests that BTGI func-
tions either as an adaptor molecule or as a cofactor involved in
transcriptional regulation. For instance, BTG1 was identified
as coactivator of the homeobox transcription factor HoxB9 (8)
and the transcriptional regulator CAF1 (9). Moreover, BTG1
was shown to stimulate the activity of several myogenic tran-
scription factors as well as nuclear receptors during muscle
cell differentiation (10).

BTG is also essentially expressed in many tumor cells
and can inhibit the proliferation of a variety of cancer cells.
For instance, BTGI is expressed predominantly in quiescent
cells at the GO/G1 phase transition, with levels declining as
cells enter S phase (11). Exogenous expression of BTGl was
found to result in reduced proliferation with G1 arrest and/
or apoptosis in several cell types, including NIH3T3 murine
fibroblasts (2,11), microglia (12) and myoblasts (13). A role
for BTGl in cellular differentiation has been proposed based
on experiments showing that BTG1 expression stimulates
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myoblast differentiation (13), and that BTGl is upregulated
in leukemic cells upon treatment with chemicals that induce
differentiation (14). Thus, BTG1 appears to play roles in
inhibiting proliferation, promoting apoptosis and stimulating
cellular differentiation in multiple cell types.

While several studies suggest that BTGI1 exhibits certain
characteristics of a tumor-suppressor gene, it has not been
determined whether BTGI is a breast cancer suppressor gene,
and the role of BTG in breast cancer cell growth remains
unclear. Thus, the present study was undertaken to evaluate
the effect of BTGI1 on breast cancer cell (MDA-MB-231 and
MCEF-7) proliferation, cell cycle distribution and apoptosis
by creating stable transfectants and evaluating their effect on
cell growth potential in vitro. We investigated changes in cell
proliferation, cell cycle progression and cell apoptosis. We also
evaluated changes in the expression of several proteins that are
directly related to the cell cycle (cyclin B1, cyclin D1, cyclin E1
and cell division cycle gene) and cell apoptosis (Bcl-2, Bax
and caspase-3). Furthermore, we examined whether these
changes are also observed in vivo using nude mice. Our aim
was to determine the role of the BTGI1 gene in breast cancer
cell growth.

Materials and methods

Cell culture and clinical specimens. Human breast cancer
cell lines, MCF-7, T-47D, MDA-MB-231, MCF-10A and
MDA-MB-435, were obtained from the Shanghai Cell Bank
(Shanghai, China). Human normal cells EPH4, AG11132A,
HBEC, HMEC were stored in our laboratory. Cells were
cultured in Dulbecco's modified Eagle's medium (Gibco-BRL,
Carlsbad, CA, USA) containing 10% fetal bovine serum in a
humidified atmosphere with 5% CO, at 37°C. Clinical speci-
mens were obtained from the Second Affiliated Hospital of
Soochow University.

Generation of stable cell lines. To generate BTGI overex-
pressing stable cell lines, cDNAs for full-length human BTG1
were amplified by PCR using the following primer sequences:
forward (5'-CACCATGCATCCCTTCTACACCCGG-3') and
reverse (5'-TTAACCTGATACAGTCATCATATTG-3"). The
full-length cDNA was cloned into Xhol and BamHI linearized
plasmid vector pcDNA3 (Clontech). The control vector
pcDNA3 and human BTGI expression vector pcDNA3-BTG1
were transfected into MCF-7 and MDA-MB-231 cells using
Lipofectamine 2000 (Invitrogen). Stable clones were selected
in medium containing G418 (500 ug/ml) (Sigma). Individual
clones were isolated and expanded for further characteriza-
tion. The empty vector pcDNA3 was also transfected into
MCF-7 and MDA-MB-231 cells and served as the control
group. The expression of BTG1 was determined by RT-PCR
and western blot analysis.

Cell proliferation assay. Cell proliferation was measured
with MTT assay. Briefly, cells from each experimental group
were plated in 96-well plates at a density of 5x10° cells, and
180 pl culture medium was added to each well. The cells were
incubated at 37°C for 1,2, 3,4, 5, 6,7 or 8 days at which time
the cells were incubated with 100 ul of MTT solution (5 g/l;
Sigma, St. Louis, MO, USA) for 2 h. The reaction was stopped
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by the addition of 150 x1 DMSO (Sigma), and the absorbance
of samples at 570 nm was then measured. A growth curve was
plotted for each sample as the log cell number vs. time, and
the growth rates were derived from the slope of each growth
curve. Three independent experiments were performed, and
the results were used for plotting the relative growth rate
with SD.

Flow cytometric analysis of cell cycle distribution and apop-
tosis. For cell cycle analysis, after 48 h of culture, cells from
each experimental group were collected and digested with
trypsin and fixed with 75% ice-cold ethanol at 4°C overnight.
Cells (1x10°) were centrifuged at 1,000 rpm for 5 min, and
the pellets were resuspended with 100 xg/ml propidium iodide
(Sigma) for 30 min in the dark before analysis. The cell cycle
profiles were assayed using the FACSCan ESP flow cytometer
at 488 nm, and data were analyzed using MultiCycle software
(BD Biosciences). For analysis of apoptosis, cells from each
experimental group were collected and digested with trypsin
and processed as described in the Annexin V-Fluorescein
Isothiocynate (FITC) Apoptosis Detection Kit I manual (BD
Biosciences) and analyzed by FACScan flow cytometry (BD
Biosciences).

RNA isolation and reverse transcription-polymerase chain
reaction (RT-PCR). Total RNA from the cells of each experi-
mental group was extracted by TRIzol (Gibco-BRL) according
to the manufacturer's instructions. cDNA was generated from
total RNA, using M-MLV RT (MBI; Fermentas, Waltham,
MA, USA). Amplification was performed over 28 cycles
consisting of 94°C for 30 sec, 57°C for 30 sec and 72°C for
1 min. PCR products were separated by electrophoresis on a
1.5% agarose gel and stained with ethidium bromide to visu-
alize the bands. To compare differences among the samples,
the relative intensity of each band was normalized against the
intensity of the GAPDH band amplified from the same sample.
The primer sequences for the genes and expected product sizes
were as follows: 5"TGAACGGGAAGCTCACTGG-3' (sense)
and 5'-TCCACCACCCTGTTGCTGTA-3' (antisense) for
GAPDH (307 bp); 5-CACCATGCATCCCTTCTACACC
CGG-3' (sense) and 5'-GCTGAGCCGCCAAAAGGT-3' (anti-
sense) for BTG1 (498 bp).

Western blot analysis. Cells from each experimental group
were lysed with SDS sample buffer (80 mM Tris-HCI,
2% SDS, 300 mM NaCl and 1.6 mM EDTA). Cell extracts
were separated using 10% SDS-PAGE gel electrophoresis,
transferred onto nitrocellulose membranes and blocked with
5% skimmed milk. Following blocking, membranes were
incubated with antibodies against B-actin, BTG1, p-CDC2,
cyclin D1, cyclin BI1, cyclin El, Bax, Bcl-2, caspase-3
(Santa Cruz Biotechnology) and then incubated with
HRP-conjugated anti-mouse or anti-rabbit IgG antibodies
(Santa Cruz Biotechnology). Protein bands were visualized
with ECL solution.

Invivo studies. Four-week-old female nude mice (SPF BALB/c)
were obtained from the Laboratory Animal Center of Soochow
University and kept in a room at constant temperature (23+2°C)
and humidity (50-70%) with a 12-h light-dark cycle. After
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Figure 1. BTGI expression in breast cancer cell lines and clinical specimens. (A) BTGl mRNA was detected by RT-PCR in primary tumors, lymph node
metastasis, benign breast tumors and normal human breast as indicated. GAPDH levels served as the loading control. (B) Protein expression of BTG1 was
analyzed by western blot analysis in a panel of breast cancer cell lines as indicated. 3-actin levels served as the loading control.

being grown to subconfluency, transfected (pcDNA3-BTGlI or
negative control pcDNA3-neo) and non-treated MDA-MB-231
cells were trypsinized and harvested, washed twice with PBS
and resuspended in 0.2 m1 PBS (5x10° cells/0.2 ml). Each group
consisted of 6 nude mice. Every five days, the tumor diameter
was measured, and the volume was calculated according to the
formula: V = 0.4 x largest diameter x smallest diameter. The
growth curve of each tumor was plotted, and the tumor growth
ratio was calculated. Four weeks after injection of the cells,
the mice were sacrificed, and the weights of the tumors were
recorded and collected for histological analysis. The animal
treatment protocol used in the present study was approved by
the Institutional Animal Care and Use Committee.

Immunohistochemistry. The tumor xenografts were removed
and fixated in 10% phosphate-buffered formaldehyde at room
temperature for 48 h, embedded in paraffin and sectioned at
4-6 pm. Tumors were confirmed in H&E-stained sections.
Expression levels of molecular BTG1 and Bcl-2 were also
examined using immunohistochemistry. The sections were
deparaffinized, rehydrated and antigen retrieved in Tris/
EDTA buffer at 100°C for 15 min and left in the buffer for
10 min after boiling. Following a rinse in distilled water and
phosphate-buffered saline (PBS), the sections were treated
with 0.03% hydrogen peroxide for 5 min to block endogenous
peroxidase activity, before incubation with mouse anti-human
BTGI and Bcl-2 antibody (Santa Cruz Biotechnology), diluted
1:100 for 30 min at room temperature. Negative controls
were set by replacement of the primary antibody with normal
polyclonal mouse IgG of the same subclass and concentration.
Following a rinse in PBS, the sections were incubated with
labeled HRP-conjugated anti-mouse antibody for 30 min at

room temperature, and then rinsed two times in PBS before
a 10-min incubation with diaminobenzene. After rinsing they
were counterstained with hematoxylin, rinsed, dipped briefly
in a water bath containing several drops of ammonia, before
dehydration and mounting in Diatex. The stained sections were
reviewed and scored using a Nikon microscope to visualize
cytoplasmic and nuclear staining of BTG1 and Bcl-2.

TUNEL end staining assay. Terminal deoxynucleotidyltrans-
ferase-mediated dUTP-biotin nick-end labeling (TUNEL)
assay was performed using recombinant terminal trans-
ferase (TdT) and biotin-16-dUTP (Sigma). Three groups of
MDA-MB-231 xenograft sections were processed following
the manufacturer's protocol, and then the stained sections were
reviewed and scored using a Nikon microscope.

Statistical analysis. The results shown are the means + SD. A
P-value <0.05 was considered to indicate a statistically signifi-
cant difference. Statistical analyses were calculated using
SPSS 17.0. Each experiment was repeated 3 times.

Results

BTGI expression in breast cancer cell lines and clinical
specimens. RT-PCR was used to assess the expression of
BTGI in human breast cancer tissues from primary tumors,
lymph node metastasis, benign breast tumors and normal
human breast (Fig. 1A). As assessed by RT-PCR, the BTG1
mRNA levels in benign breast tumors and normal human
breast were significantly higher than levels in the primary
breast tumors and lymph node metastasis tumors. We also
tested a panel of breast cell lines, including normal mammary
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Figure 2. Overexpression of BTG inhibits breast cancer cell proliferation. (A) RT-PCR analysis indicating the BTGl mRNA expression level in MCF-7 and
MDA-MB-231 cells transfected with the vector control pcDNA3-neo or pcDNA3-BTGI and their corresponding untreated cells. GAPDH levels served as
the loading control. (B) Protein expression of BTG1 was analyzed by western blot analysis. 3-actin levels served as the loading control. (C and D) MCF-7 and
MDA-MB-231 cells and their transfectants were cultured in 96-well plates at 5x10%/well for 1,2,3,4,5,6,7 and 8 days. The cell growth was assessed by MTT

assay as described in Materials and methods.

epithelial and vascular endothelial cell lines MCF-10A, EPH4,
AGI11132A, AG11134A, HBEC, HMEC, and breast cancer cell
lines MCF-7, MDA-MB-23, MDA-MB-435, T47D, as shown
in Fig. 1B. The western blot results revealed that the BTG1
protein was present in all the tested breast cell lines, and the
BTGl protein levels in normal mammary epithelial cells and
vascular endothelial cell lines were significantly higher than
levels in the breast cancer cell lines.

Overexpression of BTGI inhibits breast cancer cell prolif-
eration. To further explore the role of BTGI in breast cancer,
MCF-7 and MDA-MB-231 cells were transfected with DNA
constructs expressing BTG1 (pcDNA3-BTGl1) or a control
vector (pcDNA3-neo). The G418-resistant mix clones were
selected for further experiments. As shown in Fig. 2A and B, the
BTGI1 mRNA and protein levels in the MCF-7 and MDA-MB-
231 cells were measured by RT-PCR and western blot analysis,
respectively. When compared with the control cells, BTG1
expression was significantly increased in the pcDN3-BTGl1
sense vector-transfected MCF-7/BTG1 and MDA-MB-231/
BTG cells. An MTT assay was employed to determine the
effect of BTGI on cell proliferation. The untreated MCF-7
and MDA-MB-231 cells, control cells, as well as the MCF-7/
BTG1 and MDA-MB-231/BTGI cells were grown in culture
for 8 days. The cell proliferative ability of the MCF-7/BTG1
and MDA-MB-231/BTGI cells was decreased compared with
the control and untreated cells in a time-dependent manner
(Fig. 2C and D).

Overexpression of BTGI induces GO/GI cell cycle arrest and
inhibits cyclin DI and cyclin Bl expression in MCF-7 and
MDA-MB-231 cells. We further investigated the effects of
BTGI on the cell cycle of MCF-7 and MDA-MB-231 cells.

Representative results of cell cycle distribution in untreated
cells, control cells and MCF-7/BTG1 and MDA-MB-231/BTGl1
cells are shown in Fig. 3A. Flow cytometric analysis revealed
a statistically significant increase in the number of MCF-7/
BTGI cells in the GO/G1 phase (22% increase, P<0.05; Fig. 3A)
accompanied by a decrease in the number of cells in the S
and G2/M phase. In MDA-MB-231/BTGl cells the number of
cells in the GO/G1 phase was incresased (9% increase, P<0.05;
Fig. 3A) accompanied by a decrease in the number of S phase
cells.

Next, we evaluated the effects of BTGI on the expres-
sion of the cell cycle proteins cyclin B1, cyclin D1, cyclin El
and cell division cycle gene (CDC?2) protein in MCF-7 and
MDA-MB-231 cells using western blot analysis. As shown
in Fig. 3A, overexpression of BTGI inhibited expression of
cyclin B, cyclin DI, cyclin El and phosphorylated CDC2 in
the MCF-7 cells. In MDA-MB-231 cells, BTG1 inhibited the
expression of cyclin Bl and cyclin DI, but not cyclin E1 and
phosphorylated CDC2. In summary, these results revealed that
an increase in the level of BTG1 expression inhibited cyclin B1
and cyclin DI expression in MCF-7 and MDA-MB-231 cells,
which, in turn, may affect breast cancer cell (MCF-7 and
MDA-MB-231) cycle distribution, and induce GO/G1 phase
arrest and significantly reduce the number of S phase cells.

Effect of overexpression of BTGI on breast cancer cell apop-
tosis and expression of Bcl-2, Bax and caspase-3. The extent
of apoptosis was investigated by determining the percentage
of Annexin V-stained cells, a marker of early stage apoptosis,
and the apoptosis peak of flow cytometry. As determined by
Annexin V assay, in MCF-7/BTG1 and MDA-MB-231/BTG1
cells, the percentage of apoptotic cells was higher than that in the
control cells (Fig. 4A), and the sub-Gl peaks of flow cytometry
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Figure 3. Overexpression of BTGI induces GO/G1 cell cycle arrest and inhibits cyclin D1 and cyclin Bl expression. (A) After 48 h of culture, MCF-7 and
MDA-MB-231 cells and their transfectants were collected to assay the cell cycle using flow cytometry as described in Materials and methods. (B) Western blot
analysis indicating the expression of cyclin Bl, cyclin D1, cyclin E1 and phosphorylated CDC2 protein in MCF-7 and MDA-MB-231 cells transfected with the
vector control pcDNA3-neo or pcDNA3-BTGI and their corresponding untreated cells. f-actin levels served as the loading control.

were higher than in the control cells (Fig. 4B). Next, we detected
the expression of anti-apoptotic factor Bcl-2 and pro-apoptotic
factors, Bax and caspase-3, using western blot analysis. As shown
in Fig. 4C, overexpression of BTGI upregulated the expression
of the anti-apoptotic protein Bcl-2, and downregulated the
expression of the pro-apoptosis proteins Bax and caspase-3 in
MCF-7 and MDA-MB-231 cells. These results indicate that the
promotive effect on cell apoptosis by BTG is most likely medi-
ated by Bcl-2, Bax and caspase-3 in breast cancer cells.

Overexpression of BTGI mediates inhibition of xenograft
formation and growth in vivo. The in vitro experiments with
the MCF-7 and MDA-MB-231 cells showed that the overex-
pression of BTGI induced GO/G1 cell cycle arrest and cell
apoptosis and inhibited cell growth. Hence, we examined
whether this could also be observed in vivo.

Transfected (p)cDNA3-BTGl or negative control pcDNA3-
neo) and non-treated MDA-MB-231 cells were subcutaneously
injected into nude mice (n=6 per group). After four weeks of
growth, the tumor masses obtained from the MDA-MB-231/
BTGI cell xenografts were markedly smaller than those
from the control mice (Fig. 5; P<0.05). H&E staining showed
that tumor density in the MDA-MB-231/BTGI cell tumors

was deceased when compared to the control cell tumors,
but no significantly higher degree of tumor necrosis and no
cancer cell infiltration were noted around the tumor capsule
(Fig. 6A). The immunochemical staining showed that the level
of BTGl expression was higher in the MDA-MB-231/BTG1
cell tumors (Fig. 6B), whereas the level of Bcl-2 expression
was lower in the MDA-MB-231/BTGl cell tumors (Fig. 6C).
Next, we assessed tumor necrosis and apoptosis by TUNEL
end staining assay. As shown in Fig. 6D, some cells exhibited
nuclear pyknosis and were fragmented, irregular, inconsistent
in size, and stained brownish yellow indicating cell apoptosis.
Clearly, these in vivo results strongly confirmed the effect
observed in vitro indicating that BTGI plays an important role
in breast cancer cell growth.

Discussion

In the present study, we examined the role of BTG1 in breast
cancer cell growth. The BTG1 expression vector induced
overexpression of BTGl mRNA and protein in breast cancer
cells resulted in inhibition of cell proliferation, cell GO/G1
phase arrest and cell apoptosis, which also resulted in inhibi-
tion of xenograft formation and growth in vivo. Our findings
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demonstrated that BTG1 plays a certain role in breast cancer
cell growth. Furthermore, in attempts to elucidate the mecha-
nisms underlying the observed effects, we obtained evidence
for the regulation of key genes involved in the cell cycle and
cell apoptosis by BTGI.

The control of the cell cycle plays an essential role in cell
growth and in the activation of important cellular processes. A
large number of cells show modulated expression of molecules
responsible for cell cycle arrest (15), including cyclins and

cyclin-dependent protein kinases (CDKs). These molecules
form the regulatory subunits (cyclins) and catalytic subunits
(CDKs) of cell cycle-regulated kinases (16). Cyclin Bl and
cyclin D1 both play an important role in cell cycle progres-
sion. Cyclin Bl expression is minimal at the initiation of S
phase and peaks at the G2-M border; this peak in cyclin Bl
activity is required for cells to enter mitosis (17); but cyclin Bl
protein level is very low in the G1 phase. In addition, cyclin Bl
is degraded by the ubiquitin pathway through the activation of
the APC (18,19); activation of the APC through specific phos-
phorylation of its components and the synthesis or activation
of cyclin Bl-directing components with the subsequent degra-
dation of cyclin B appears to be necessary for the exit from
mitosis (18). Cyclin D1 belongs to the family of D-type cyclins,
which regulate G1-S cell cycle progression (20). Cyclin D1 acts
through activation of CDKs that phosphorylate and inactivate
the retinoblastoma protein. However, recent findings indicate
that cyclin D1 also promotes cell cycle progression through
CDK-independent mechanisms, such as interaction with and
modulation of transcription factor activities (21,22). In the
present study, we found that overexpression of BTGI1 affects
breast cancer cell (MCF-7 and MDA-MB-231) cycle distribu-
tion, and induces GO/G1 phase arrest and significantly reduces
the number of S phase cells. Furthermore, we evaluated the
proteins that are directly related to cell cycle and found that
overexpression of BTGI decreased cyclin Bl and cyclin D1
protein. These results indicate that BTGI1 induced G0/Gl1 cell
cycle arrest, mediated by cyclin Bl and cyclin D1.
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Apoptosis occurs through two major pathways, the extrinsic
or cytoplasmic pathway, which is regulated by the Fas death
receptor, and the intrinsic pathway, which is controlled in part
by the Bcl-2 family of proteins (23,24). This family is composed
of various pro-apoptotic and anti-apoptotic proteins that
heterodimerize and modulate each other's function. Thus, the
relative concentration of each Bcl-2 family member is thought
to determine whether cell suicide will occur. The ratio of anti-
apoptotic Bcl-2 to pro-apoptotic Bax is a critical determinant of
apoptosis, as Bcl-2 heterodimerizes with Bax, blocking apop-
tosis (25). The central component of the apoptotic machinery is
a proteolytic system consisting of a family of cysteinyl prote-
ases with an absolute requirement for cleavage after aspartic
acid, therefore called caspases (26,27). Caspase-3 is the most
intensively studied effector caspase. It has been shown that

depletion of caspase-3 by homologous recombination leads
to accumulation of neuronal cells whereas other tissues were
not affected (28). In the present study, we demonstrated that
overexpression of BTG1 induced breast cancer cell apoptosis,
accompanied by a decline in Bcl-2 and an increase in Bax and
caspase-3. These results indicate that the inhibitory effect on
cell apoptosis by BTGI is most likely mediated by Bcl-2, Bax
and caspase-3 in breast cancer cells.

Importantly, the finding that BTG inhibited breast cancer
cell growth in vitro was confirmed in our animal model. The
growth rate of established BTGl-upregulated xenografts
was slower than the rate in the vector control group, and
the immunochemical staining showed that the level of Bcl-2
expression was lower than that in the control group. Next, we
found that there were many cells exhibiting nuclear pyknosis
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which were fragmented, irregular, inconsistent in size, and
stained brownish yellow in the experimental group xenografts,
as detected by TUNEL end staining assay. The data indicate
that BTGI induced cell apoptosis through a decrease in Bcl-2
expression, and inhibited tumor growth in vivo.

In summary, the present study investigating the role of
BTGI in breast cancer cell growth demonstrated that the
protein reduced cell cycle-related proteins inducing cell cycle
arrest, and altered several proteins that are directly related to
cell apoptosis, and inhibited cell growth both in vitro and
in vivo. These findings provide new insight into the role of
BTG in breast cancer and may have important implication
for the development of targeted therapeutics for breast cancer.
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