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Abstract: Beclin 1 is a promoter gene for autophagy as well as a key factor for regulating tumor cell growth and
death. Allelic deletion of Beclin 1 has been observed in certain triple-negative breat cancer (TNBC) cells, and it
might be associated with increased proliferation and invasion in TNBC cells. In this study we investigated the re-
lationship between Beclin 1 expression and prognosis for TNBC patients, as well as the influence on cell growth
by Beclin 1 overexpression in different cultural conditions. Beclin 1 expression in TNBC tissues was measured by
immunohistochemical staining and correlated with clinicopathologic parameters for TNBC patients. The plasmid of
pDS-RED-C1-Beclin 1 was transfected to BT-549 and MDA-MB-231 cells and autophagy, proliferation, apoptosis,
cell cycle and Epithelial-mesenchymal transition (EMT) process were measured. Results indicated that high level of
Beclin 1 expression was correlated with more lymph nodes and distant metastasis but unrelated to survival rates
in 5 years for TNBC patients. In vitro, overexpression of Beclin 1 improved cellular autophagy in both BT-549 and
MDA-MB-231 cells, inhibited cell proliferation at normal cultural condition and increased cell survival in starvation,
hypoxia or with doxorubicin stimulation. Besides, Beclin 1 overexpression decreased cell apoptosis, induced cells to
be in GO/G1 phase and promoted EMT process through Wnt/B-catenin pathway in starvation. Thus, Beclin 1 overex-
pression plays a double role in BT-549 and MDA-MB-231 cell growth by elevating the capability of autophagy. These
findings might be useful for searching a proper method for clinical therapy of TNBC from the aspect of autophagy
in future.
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Introduction

Triple-negative breast cancer (TNBC) is a kind
of breast tumor in which estrogen receptor
(ER), progestogen receptor (PR) and human epi-
dermal growth receptor 2 (Her-2) expression
are all negative [1]. Because of this special
characteristic TNBC is refractory to endocrine
therapy and Herceptin treatment. The major
therapy for TNBC includes surgery plus chemo-
therapy, but prognosis is relatively poor com-
paring to other types of breast cancer [1].
Although studies suggest neoadjuvant chemo-
therapy is excellent for patients who can obtain
a complete pathological response, for other
patients with a residual tumor the prognosis is
very poor [1]. Another TNBC therapy uses target

agents such as angiogenesis inhibitor, mono-
clonal antibody targeting against epithelial
growth factor receptor (EGFR) and poly (adenos-
ine diphosphateribose) polymerase (PARP)
inhibitor. But overall effects of those drugs
need further evaluation [2, 3]. Thus there is still
lack of an available method to cure TNBC in
clinic [3].

Autophagy is an evolutionarily conserved lyso-
somal pathway for degrading cytoplasmic orga-
nelles and macromolecules [4]. Autophagy can
inhibit tumor cells because reduced capability
of autophagy provides an oncogenic stimulus
with elevated risk of malignant transformation
and spontaneous tumor formation. In addition,
autophagy offers a protective cell survival


http://www.ijcem.com

Autophagic regulation and Beclin 1 expression

mechanism against environmental and cellular
stress [5]. The current literatures have shown
contradictory roles of autophagy not only in
facilitating cell survival and delaying apoptotic
death in stress, but also in promoting a specific
form of cell death called autophagic cell death
[5]. Therefore, either induction or inhibition of
autophagy for tumor cells may provide thera-
peutic benefits, depending on different cellular
features [5-7].

Beclin 1 is essential for inducing autophagy
and is considered to be a suppressor gene
[8-10]. In vivo, Beclin 1 deletion causes less
survival and tumorigenesis. Mice with loss of
Beclin 1 (Beclin 177) die early in embryogenesis
[11] while others with monoallelic deletion of
Beclin 1 (Beclin 17*) are frequently prone to
conduct mammary neoplasia [11, 12]. Beclin 1
monoallelic deletion is also related to malig-
nant proliferation and high capability of metas-
tasis in ovarian cancerand prostate cancer
cells [13].

It is worthwhile to note that Beclin 1 is frequent-
ly deleted in sporadic breast cancer patients,
and Beclin 1 levels in breast cancer cells are
significantly lower than those in normal breast
epithelial cells [14]. It is also important to note
that allelic deletion of Beclin 1 and depressed
Beclin 1 expression exist in some TNBC cell
lines [15], resulting in incomplete level of
autophagy and different capability of prolifera-
tion and invasion. Therefore, we intended to
study the relationship between Beclin 1 expres-
sion and prognosis for TNBC patients as well as
the effects of altered Beclin 1 expression on
TNBC cell growth in various conditions.

Materials and methods
Patients and tissue samples

Tissue samples from 53 cases of TNBC were
surgically resected at Zhujiang Hospital from
2005 to 2009. For each case 3 representative
cores were taken from a representative area
of tumor tissue. The age of patients ranged
from 45 to 76 years (median age, 53.4 years).
Tumor size ranged from 0.5 to 9.5 cm (median
size, 3.05 cm). Clinical parameters including
patients’ ages, tumor size, existence of lymph
node or distant organ metastasis were also col-
lected. All patients agreed and provided written
informed consent with full understanding of the
study aims.
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Immunohistochemical staining

Beclin 1 expression was examined by immuno-
histochemical staining. In brief, 4-um-thick
sections of formalin-fixed, paraffinem bedded
tissue were deparaffinized and an antigen
retrieval procedure was performed for 20 min-
utes at 100°C. Endogenous peroxidases were
quenched by incubation of tissue with hydro-
gen peroxide for 5 minutes. Sections were incu-
bated for 15 minutes at ambient temperate
with primary polyclonal antibodies for Beclin-1
(1:100, Santa Cruise, USA). Beclin 1 levels were
evaluated according to intensity defined in
three groups: no expression, low expression
and high expression. All slides were evaluated
independently by 2 investigators without knowl-
edge of patients and clinical outcomes.

Cell culture

BT-549 and MDA-MB-231 cell lines were
obtained from the Cell Bank of Type Culture
Collection of Chinese Academy of Sciences
(Shanghai, China). BT-549 cells with Beclin 1
allelic deletion and MDA-MB-231 cells with no
Beclin 1 deletion [15], both cells were routinely
maintained in RPMI-1640 medium supple-
mented with 10% fetal bovine serum (FBS), cul-
tured in a 37°C humidified atmosphere con-
taining 95% air and 5% CO,,. For the experiment
of starvation, hypoxia and chemical drug stimu-
lation, BT-549 and MDA-MB-231 cells were
maintained in serum-deprived 1640 medium,
oxygen concentration less than 10 PPM and
medium containing doxorubicin (2 mg/ml),
respectively.

Cell transfection

The plasmids of pDS-RED-C1-Beclin 1 and
pDsRed-C1 were gifts from Professor Qing
Zhong (University of California at Los Angeles,
USA). BT-549 and MDA-MB-231 cells were
transfected with pDS-RED-C1-Beclin 1 and
pDsRed-C1 with Lipofectamine™ 2000 (Invi-
trogen, USA) according to the instruction of
Invitrogen. Fluorescence (IX71 Olympus, Japan)
was used to observe the expression of red fluo-
rescent protein in BT-549 and MDA-MB-231
cells after the transfection of plasmids.

Quantitative PCR (qPCR) analysis

BT-549 and MDA-MB-231 cells were harvested
and total RNA was isolated using Trizol reagent
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(Invitrogen, USA), 1 mg RNA was reverse tran-
scribed using a cDNA synthesis kit (TaKaRa,
Japan). Primer sequences were as follows:
Beclin 1, forward, 5-GGTGTCTCTCGCAGATTCA-
TC-3’, reverse, 5-TCAGTCTTCGGCTGAGGTTCT-
3’ (120 bp); glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH), forward, 5'-GCACCGTCAA-
GGCTGAGAAC-3’, reverse, 5-TGGTGAAGACGC-
CAGTGGA-3’ (137 bp). qPCR was performed
using Light Cycler 480 Sequence Detection
System (Roche, Switzerland). Results were
expressed as fold differences in expression of
Beclin 1 related to that of GAPDH.

Western blot assay

BT-549 and MDA-MB-231 cells were harvested
and protein quantitation were conducted. Each
sample of proteins (20 ug) was separated on a
10% SDS polyacrylamide gel, transferred to
polyvinylidene difluoride Polyscreen membrane
(millipore, Germany) and then incubated with
1:500 anti-Beclin 1, anti-E-cadherin, anti-
vimentin, anti-N-cadherin, anti-Snail, anti-P-
GSK-3B(Santa Cruise, USA) or 1:1000 anti-B-
actin (Cell signal Technology, USA) for overnight
at 4°C. Secondary anti-rabbit antibody (Santa
Cruise, USA) was added according to primary
antibody and incubated for 2 h. Protein signals
were visualized using Odyssey Scan (LI-COR,
USA) and band intensities were quantified by
image j1.44. Fold changes in the intensity of
the protein signals were the mean value of the
results.

Acridine orange staining

Cells were washed with PBS and stained by
acridine orange (Sigma, USA) for 15 min,
repelled by light. Subsequently, acidic vesicular
organelles (AVO) was observed by fluorescence
inverted-microscope (IX71 Olympus, Japan).

Cell viability assay

Cell viability was assessed by 3-(4,5-Dimet-
hylthiazol-2-yl)-2,5-diphenyltetrazolium bromi-
de (MTT, Amresco, USA) assay. Cells were cul-
tured in 96-well plates, 20 pyl MTT (5 mg/ml in
PBS) was added to each well at special time
points. After incubation for 4h in a 37°C humid-
ified atmosphere containing 95% air and 5%
CO,, 200 ul DMSO (Sigma, USA) was added to
dissolve the formazan crystals. Absorption
(optical density, OD value) was measured at
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570 nm using microplate spectrophotometer
(Molecular Devices, USA).

Cell apoptosis and cell cycle assay

Cell apoptosis and cell cycle distribution were
detected by flow cytometric analysis. For cell
apoptosis analysis, cells were harvested and
washed by cold PBS for once, then cells were
stained with an apoptosis kit (KeyGen Biotech,
China) according to the manufacturer’s instruc-
tions and analyzed by flow cytometry (BD FACS
Canto I, USA). For cell cycle analysis, cells were
harvested and fixed with 70% ethanol at -20°C
for at least 12 h, then cells were stained with
50 pg/mL propidium iodide (Pl) and 100 yg/mL
Rnase | in PBS at 37°C for 30 min. Cell cycle
distribution was also analyzed by flow
cytometry.

Statistical analysis

One-way ANOVA was used to determine the
differences between groups for the results of
MTT, gPCR, western blot, apoptosis and cell
circle. The Kaplan-Meier method was used to
determine the probability of survival. The
Pearson’s x? test was used to evaluate the
association between Beclin 1 expression and
clinicopathologic variables. Data were pro-
cessed by SPSS 13.0 software. P<0.05 was
considered as significant. The data are present-
ed as mean * standard error for at least 3 sep-
arate determinations.

Results

Beclin 1 expression was associated with clini-
cal prognosis of patients in triple-negative
breast cancer

Totally, 53 patients had been evaluated since
2005 to 2009. Clinical parameters including
age, tumor size, lymph node metastasis and
distant metastasis were collected. 17 patients
showed no Beclin 1 expression. 18 patients
had low expression of Beclin 1 and 18 patients
were detected with high expression (Figrue
1A). Further study showed that Beclin 1 expres-
sion was correlated with patients’ age, lymph
node metastasis and distant organ metastasis
while unrelated to tumor size. Patients with
high expression of Beclin 1 had more lymph
node metastasis and distant organ metastasis
compared to patients with no expression of
Beclin 1 (Figure 1B).
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Figure 1. Association of Beclin 1 expression with patients’ prognosis. A. Beclin 1 expression in tumor cells of TNBC
patients. B. The relationship between Beclin 1 expression and clinical parameters in TNBC patients. C. The percent-
age of survival in 5 years for TNBC patients with altered expression of Beclin 1.

Survival analysis was performed to evaluate
the prognosis of patients with different levels of
Beclin 1 (Figure 1C). The survival rate for
patients with Beclin 1~ was 65%, for patients
with Beclin 1* was 72% and for patients with
Beclin 1** was 78% at 5 years after the diagno-
sis. No significant difference in survival ratewas
detected among these three groups (P=0.847).

Transfection of Beclin 1 increased capability of
autophagy

In order to understand the effects of Beclin 1
overexpression on TNBC cell growth, the plas-
mid of pDS-RED-C1-Beclin 1 was transfected
into BT-549 and MDA-MB-231 cells. Western
blot and gPCR indicated that Beclin 1 protein
and mRNA levels were significantly higher after
transfection (P<0.05, Figure 2A).

Cell morphology was observed using fluores-
cence microscopy (Figure 2B). Autophagy was
determined by the red appearance of AVO with-
in cells stained by acridine orange (Figure 2C).
There were few cells with red cytoplasm in
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blank group and control vector group of BT-549
and MDA-MB-231 cells. However, the number
of cells with red cytoplasm was obviously ele-
vated in both BT-549 and MDA-MB-231 cells
after the transfection of pDS-RED-C1-Beclin 1,
conforming the increased levels of autophagy
in both cells (P<0.05).

Transfection of Beclin 1 influenced cell growth
in various cultural conditions

MTT assay was performed to evaluate the
effect of Beclin 1 overexpression on cell growth.
BT-549 and MDA-MB-231 cells were transfect-
ed with Beclin 1 and cultured in 1640 medium
plus 10% FBS, serum-deprived 1640 medium,
hypoxia medium or medium contaminating
doxorubicin. At the cultural condition of 1640
medium plus 10% FBS, cell growth was inhibit-
ed both in Beclin 1 overexpressing BT-549 and
MDA-MB-231 cells at 96 hours compared to
the controls (P<0.05, Figure 3A). In serum-
deprived 1640 medium, cell survival rates have
decreased since 24 hours in both cell types but
were significantly higher in Beclin 1 overexpres-
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Figure 2. Transfection of Beclin 1 for BT-549 and MDA-MB-231 cells. A. BT-549 and MDA-MB-231 cells were tran-
fected with pDS-RED-C1-Beclin 1 or pDsRed-C1 plasmid, cells were harvested and analyzed by western blot and
gPCR. B. Morphology of BT-549 and MDA-MD-231 cells post transfection of pDS-RED-C1-Beclin 1 plasmid were
observed under fluorescence microscopy. C. Morphology of BT-549 and MDA-MD-231 cells post transfection of pDS-
RED-C1-Beclin 1 or pDsRed-C1 plasmid were observed under fluorescence microscopy, staining by acridine orange.
*P<0.05 vs. blank group. The results are representative of three different experiments.

sion group than other two at 48 hours (P<0.05,
Figure 3B). The same trend was also observed
in hypoxia environment and doxorubicin con-
tamination (P<0.05, Figure 3C, 3D).

Transfection of Beclin 1 influenced cell apopto-
sis and cell circle at different conditions

BT-549 and MDA-MB-231 cells were cultured
at different conditions and cell apoptosis was
detected by flow cytometric analysis (Figure
4A). There was no significant difference when
overexpressing Beclin 1 in both BT-549 and
MDA-MB-231 cells cultured in 1640 plus 10%
FBS. In 1640 medium with no serum supple-
mented, the percentages of cell apoptosis in
BT-549. Beclin 1 and MDA-MB-231. Beclin 1
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groups were 5.99+0.43% and 4.99+0.32%,
respectively, which were significantly lower
than the controls (P<0.05). The same phenom-
enon were also observed when the cells were
cultured in hypoxia or doxorubicin.

Furthermore, cell cycle was examined by flow
cytometric analysis (Figure 4B). In 1640 medi-
um plus 10% FBS, the percentages of cells in
GO/G1 phase in BT-549. Beclin 1 and MDA-
MB-231. Beclin 1 groups were 52.24+0.51%
and 52.18+0.51%, respectively, which were
significantly higher than those in the control
groups (P<0.05). The same observation was
obtained when cells were cultured in 1640
medium with no serum, hypoxia or doxoru-
bicin.
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Figure 3. MTT results of BT-549 and MDA-MB-231 cells cultured in different condintions. A. Cells were cultured
in normal condition. B. Cells were cultured in low nutritional condition. C. Cells were cultured in hypoxia. D. Cells
were cultured in doxorubicin (2 mg/ml). *P<0.05 vs. blank group. The results are representative of three different

experiments.

Transfection of Beclin 1 induced EMT process
through Wnt pathway

After culturing in serum-deprived 1640 medi-
um for 48 h, western blot indicated that protein
levels of E-cadherin were significantly lower
while N-cadherin and vimentin expressions
were significantly higher both in BT-549. Beclin
1 and MDA-MB-231. Beclin 1 cells compared to
the controls (P<0.05, Figure 5). Further study
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showedthatlevels of B-catenin, phosphorylated-
GSK-3B and Snail were also elevated when
overexpressing Beclin 1, indicating the involve-
ment of Wnt pathway in the process (P<0.05,
Figure 5).

Discussion

Beclin 1, which has a similar structure to yeast
autophagy gene Atg6, encodes a Bcl-2-inte-
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Figure 4. Apoptosis and cell cycle of BT-549 and MDA-MB-231 analysed by flow cytometry. A. Apoptosis was ana-
lysed as cells were cultured in different conditions. B. Cell cycle was analysed as cells were cultured in different
conditions. *P<0.05 vs. blank group. The results are representative of three different experiments.

racting, coiled-coil protein [14]. Beclin 1 is the
first gene linking autophagic machinery and
human cancer as reported by Liang et al.,
whose study demonstrated Beclin 1 promoted
autophagy in human MCF-7 breast cancer cells
with inhibition of cellular proliferation and
tumorigenesis in nude mice [14]. The monoal-
lelic deletion of Beclin 1 commonly exists in
many tumor cells, such as breast cancer, ovari-
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an cancer and prostate cancer cells. There is a
trend of associating Beclin 1 loss with TP53
and PTEN mutations [15]. These findings con-
firm that decreased capability of autophagy
regulated by Beclin 1 contributes to the devel-
opment of many human malignancies [16-18].

In breast cancer patients, Beclin 1 monoallelic
deletion also exists and Beclin 1 protein expres-
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Figure 5. Protein levels of BT-549 and MDA-MB-231 analysed by western blot as cells cultured in starvation for 48 h.

sion is lower in tumor cells than in normal
breast epithelial cells [19], demonstrating that
down regulation of Beclin 1 was correlated to
malignant proliferation and metastasis in
breast cancer cells. It is worthwhile to note that
Beclin 1 is also deleted in certain TNBC cells
which are refractory to ordinary treatment,
such as chemotherapy and radiation [15]. From
those studies we assume that Beclin 1 expres-
sion may be associated with the prognosis of
TNBC patients, and overexpression of Beclin 1
may affect cell growth and cell survival at differ-
ent cultural conditions. In this study, we investi-
gated the relationship between Beclin 1 levels
and clinical parameters for TNBC patients.
Besides, TNBC cells were cultured in ordinary
conditions and stress environments to detect
the effect of altered Beclin 1 expression on cell
growth.

From the clinical study we found that Beclin 1
expressions were variable in TNBC patients and
higher levels of Beclin 1 were associated with
more lymph node metastasis and distant
metastasis. To further explore Beclin 1 function
in TNBC, in vitro experiments were performed.
BT-549 and MDA-MB-231 cells were transfect-
ed with plasmid pDS-RED-C1-Beclin 1 and
improved levels of autophagy were observed in
those cells. Cell growth rates of BT-549 and
MDA-MB-231 were inhibited after the transfec-
tion of Beclin 1 in ordinary conditions while sur-
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vival rates were preserved in stress environ-
ments such as starvation, hypoxia and doxoru-
bicin addition. This phenomenon could be
explained by fewer cells in apoptosis and more
cells in GO/G1 phase, in which cells tended to
be dormant in order to maintain essential nutri-
tion for sustaining survival in stress. In this way
Beclin 1 played a protective role both for
BT-549 and MDA-MB-231 cells. Besides, we
discovered that overexpression of Beclin 1
could improve EMT process through Wnt/3-
catenin pathway, demonstrating that inducing
autophagy is an important mechanism for
metastasis.

Our results are consistent with other studies
which have proved that autophagy serves as a
protective mechanism against environmental
and cellular stresses. In these studies tumor
cells were cultured in conditions supplemented
with radiation [20], drugs [21-23], or in starva-
tion [24]. Thus inhibiting autophagy may be a
modified method for treating tumors by disturb-
ing the protective aspect of autophagy for
tumor cells [25, 26]. For example, using siRNA
targeting against Beclin 1 to inhibit autophagy
may promote cell death of breast cancer cells
[27, 28]. However, the concern that inhibiting
autophagy would lead to increased prolifera-
tion of tumor cells should be considered as
autophagy can prohibit cellular invasions and
control the stability of genome in tumor cells
[23].
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In the end, our study proved a double effect of
Beclin 1 on TNBC cell growth and survival both
in normal condition and in stress. However,
whether this phenomenon exists in vivo is still
uncertain. Besides, simply increasing or
decreasing the capability of autophagy in TNBC
cells may not be competent enough to kill all
cells.The way to control the degree of autopha-
gy in order to make a benefit for TNBC treat-
ment requires further exploration.

Conclusions

In conclusion, we demonstrated that higher
expression of Beclin 1 in tumors was associat-
ed with more lymph node metastasis and dis-
tant metastasis in TNBC patients. Overexpre-
ssion of Beclin 1 significantly improved the
level of autophagy in BT-549 and MDA-MB-231
cells in which cell growth was inhibited at nor-
mal cultural condition while cell survival was
increased at stress conditions. This phenome-
non was associated with the fact that BT-549
and MDA-MB-231 cells were prone to maintain
in GO/G1 phase post the transfection of Beclin
1. In addition, overexpression of Beclin 1
induced EMT process through Wnt/B-catenin
pathway which may contribute to a more pro-
gressive characteristic for BT-549 and MDA-
MB-231 cells. Collectively, results in this
research provide basic knowledge for further
study of Beclin 1 in the therapy of triple-nega-
tive breast cancer.
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