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Beclinl overexpression suppresses tumor cell proliferation
and survival via an autophagy-dependent pathway
in human synovial sarcoma cells
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Abstract. Beclinl is an important autophagy-related prot-
ein, which is involved in both autophagy and apoptosis. In
recent years, the antitumor effect of Beclinl has received
increased attention. In the present study, we established a
stable Beclinl-overexpressing cell line with SW982 human
synovial sarcoma cells. We found that Beclinl overexpression
decreased the cell viability, inhibited proliferation and induced
apoptosis in SW982 cells. The expression levels of Bcl-2 and
PCNA were decreased, while the levels of cleaved-caspase-3
and cleaved-PARP were increased. Beclinl is closely related
with autophagy, thus the autophagy-related markers LC3 and
p62 were detected by western blot analysis, and transmission
electron microscopy was used to observe autophagosomes.
The results showed that the expression level of LC3II was
increased and that of p62 was decreased. Moreover, many
double membrane-enclosed autophagosomes were found in
cells with Beclinl overexpression, which indicated that the
autophagic activity was enhanced. To explore the effect of
autophagy on the viability of SW982 cells, Atg5 was knocked
down using siRNA to inhibit the autophagic activity. We found
that autophagy contributed to the decrease in cell viability.
Knockdown of Atg5 increased the viability and decreased
the apoptotic rate of SW982 cells with Beclinl overexpres-
sion. The expression level of Bcl-2 was increased, while the
expression levels of cleaved-caspase-3 and cleaved-PARP
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were decreased. We also found that the Akt/Bcl-2/caspase-9
pathway was involved. The phosphorylation of AKT was posi-
tively correlated with cell viability. The cleavage of caspase-9
was increased by Beclinl overexpression and decreased by
inhibition of autophagy. Altogether, our results suggested that
both autophagy and apoptosis contributed to the antitumor
effect of Beclinl in SW982 cells.

Introduction

Synovial sarcoma (SS) is a malignant soft tissue tumor that
originates from synovial cells or mesenchymal cells that differ-
entiate into synovial cells (1). The symptoms of SS are pain
and a localized mass at an early stage, and joint damage can be
found when the tumor progresses. Many patients are diagnosed
at an advanced stage because of the atypical symptoms and the
rapid progression of the tumor (2). Sustained proliferation of
the tumor cells combined with insufficient apoptosis plays an
important role in tumor progression. Therefore, it is of great
importance to reveal the underlying mechanism that regulates
the proliferation and apoptosis of tumor cells.

Autophagy is an evolutionarily conserved response at
the subcellular level. Autophagy degrades the cytoplasm and
organelles, releases amino acids and fatty acids, and plays
an important role in metabolism and organelle renewal in
cells (3). Normally, autophagy adapts cells to the environment
to help cells survive tough conditions. Notably, autophagy
may function as an alternative cell death mechanism, similar
to apoptosis under certain conditions, which is described
as type II programmed cell death (4). Autophagy is closely
related to carcinogenesis and tumor progression. Aberrant
expression of autophagic genes, changes in autophagic activity
and conversion of autophagic signaling pathways can affect
the viability of tumor cells (5).

The Beclinl gene, also known as BECNI, is an essential
gene involved in the autophagy process in mammalian cells.
Liang et al (6) found a new protein (molecular weight 60 ku) in
rats with encephalitis caused by the fatal Sinbis virus in 1998
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and named the gene that coded this protein Beclinl. Beclinl is
a homologue of yeast Atg6, located on the human chromosome
17g21. Beclinl codes a sequence with 450 amino acid residues,
which contains three special domains: The conserved BH3
domain (residues 107-135), the coiled coil domain (residues
140-268) and the evolutionarily conserved domain (residues
244-337) (7). Some studies have confirmed that Beclinl can
induce and regulate autophagy by binding to Vps34p through
the evolutionarily conserved domain and UVRAG through
the coiled coil domain (8). Moreover, the function of Beclinl
in apoptosis has been investigated in many studies. A recent
research showed that Beclinl regulated apoptosis by binding
to the anti-apoptotic members of the Bcl family such as Bcl-2,
Bcl-x1 and Bcl-w through the BH3 domain (9).

The antitumor effect of Beclinl has been confirmed in
many types of tumors such as breast (10,11), colon (12,13),
cervical (14,15) ovarian cancer (16,17) and glioblastoma (18,19).
Some studies have reported that the expression level of Beclinl
is significantly lower in ovarian cancer tissue than in normal
ovarian tissue (20,21); moreover, inhibited proliferation was
observed in breast cancer cells with high expression level
of Beclinl (22,23). However, the underlying mechanism by
which Beclinl promotes tumor cell death remains unclear.
Some studies have suggested that Beclinl inhibits the viability
of tumor cells by inducing autophagic cell death (24,25); some
studies indicate that Beclinl directly induces the apoptosis
of tumor cells in an autophagy-independent manner (26,27).
In the present study, we explored the function of Beclinl in
SWO982 synovial sarcoma cells and investigated the mecha-
nism by which Beclinl regulates cell proliferation, apoptosis
and autophagy.

Materials and methods

Cell culture. The human synovial sarcoma cell line SW982
was obtained from the Shanghai Institute of Cell Biology,
Chinese Academy of Sciences (Shanghai, China). The SW982
cells were cultured in Dulbecco's modified Eagle's medium
(DMEM)/F12 medium (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) supplemented with 10% fetal bovine
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml
penicillin and 100 pg/ml streptomycin in a humid atmosphere
containing 5% CO, at 37°C.

Establishment of stable cell lines overexpressing Beclinl.
The lentiviruses expressing the Beclinl sequence (OE) and
the negative control lentiviruses (NC) were constructed by
Hanbio Co. (Shanghai, China). The lentiviral vector contains
a GFP marker for indicating the transfection efficiency and
a puromycin-resistant marker for selecting the transfected
cells. The virus titer was raised to 10® transfection units
(TU)/ml. Cells were seeded in 6-well plates and infected
with viruses and polybrene on the following day. A total of
24 h later, the medium containing the viruses was removed
and replaced with fresh medium. The infected cells were
treated with puromycin for 7 days to obtain the positive
clones. Positive clones were selected and purified to estab-
lish the stable cell line. The expression level of Beclinl was
determined by immunofluorescence staining, RT-qPCR and
western blot analysis.
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Immunofluorescence staining. Cells were seeded in 24-well
plates and maintained for 48 h. After being washed 3 times
with phosphate-buffered saline (PBS), cells were fixed in a
4% paraformaldehyde solution for 15 min, permeabilized
with 0.3% Triton X-100, blocked with 5% BSA blocking
reagent for 30 min and then incubated with the anti-Beclinl
monoclonal primary antibody (dilution 1:50; cat. no. BM5181;
Wuhan Boster Biological Technology, Ltd., Wuhan, China)
overnight at 4°C. After another 3 washes with PBS, the cells
were incubated with tetraethyl rhodamine isothiocyanate
(TRITC)-conjugated secondary antibody (dilution 1:200;
cat. no. BA1090; Wuhan Boster Biological Technology, Ltd.)
for 1 h at room temperature. DAPI reagent was used to coun-
terstain the nuclei. The result of the staining was observed with
an inverted fluorescence microscope system (Nikon ECLIPSE
Ti-S; Nikon, Tokyo, Japan).

Total RNA extraction and quantitative real-time polymerase
chain reaction (RT-qPCR) analysis. Total RNA was extracted
from SWO82 cells using TRIzol reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) according to the manufacturer's instruc-
tions. Total RNA was reverse-transcribed into cDNA using a
PrimeScript RT reagent kit (Takara Biotechnology, Co., Ltd.,
Dalian, China). RT-qPCR was performed with the SYBR
Premix Ex Taq (Takara Biotechnology, Co.,Ltd.). PCR primers
were as follows: Forward, 5'-GGTGTCTCTCGCAGATTC
ATC-3' and reverse, 5S"TCAGTCTTCGGCTGAGGTTCT-3".
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used as an internal control. The cycling conditions were
as follows: The initial denaturation at 95°C for 5 min, and
followed by 40 cycles at 95°C for 15 sec, 55°C for 30 sec and
72°C for 30 sec. The relative mRNA expression was calculated
using the 2244 method (28).

Western blot analysis. Total protein was isolated using RIPA
lysis buffer (Beyotime Institute of Biotechnology, Shanghai,
China) supplemented with protease inhibitor cocktail
(Beyotime Institute of Biotechnology) on ice, and the concen-
tration of the protein was determined using a BCA protein
assay kit (Beyotime Institute of Biotechnology) according
to the manufacturer's instructions. Equal amounts of protein
lysates (40-60 pg) were loaded per lane and separated by 8-12%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE), and then electrotransferred onto nitrocellulose
membranes (Millipore, Bedford, MA, USA). The membranes
were blocked with 5% skimmed milk for 2 h at room
temperature and then incubated with the following primary
antibodies overnight at 4°C: Anti-PARP monoclonal anti-
body (1:1,000 dilution; cat. no. ab32561; Abcam, Cambridge,
UK), anti-p62 monoclonal antibody (1:1,000 dilution;
cat. no. ab207305; Abcam), anti-PCNA monoclonal antibody
(1:500 dilution; cat. no. 13110; Cell Signaling Technology,
Inc., Inc., Danvers MA, USA), anti-Atg5 monoclonal antibody
(1:1,000 dilution; cat. no. 9980; Cell Signaling Technology,
Inc., Inc.), anti-Bcl-2 monoclonal antibody (1:1,000 dilution;
cat. no. 4223; Cell Signaling Technology, Inc.), anti-Bax
monoclonal antibody (1:1,000 dilution; cat. no. 5023; Cell
Signaling Technology, Inc.), anti-Beclinl monoclonal antibody
(1:1,000 dilution; cat. no. ab210498; Abcam), anti-B-actin
monoclonal antibody (1:1,000 dilution; cat. no. 4970;
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Cell Signaling Technology, Inc.), anti-caspase-3 monoclonal
antibody (1:1,000 dilution; cat. no. 9665; Cell Signaling
Technology, Inc.), anti-cleaved-caspase-3 monoclonal anti-
body (1:500 dilution; cat. no. 9664; Cell Signaling Technology,
Inc.), anti-caspase-9 monoclonal antibody (1:500 dilution;
cat. no. ab32539; Abcam), anti-LC3 monoclonal antibody
(1:1,000 dilution; cat. no. 12741; Cell Signaling Technology,
Inc.), anti-Akt monoclonal antibody (1:1,000 dilution;
cat. no. ab179463; Abcam) and anti-phospho-Akt (Ser-473)
monoclonal antibody (1:1,000 dilution; cat. no. ab81283;
Abcam). After being washed with TBST buffer (Tris-buffered
saline supplemented with Tween-20) 3 times (10 min for each
time), the membranes were incubated with goat anti-rabbit
horseradish peroxidase-conjugated secondary antibody
(1:5,000 dilution; cat. no. BA1055; Wuhan Boster Biological
Technology, Ltd.) for 1 h at room temperature. After another 3
washes, the proteins that had bound with the antibodies were
visualized with an enhanced electrochemiluminescence (ECL)
system (GeneTools software version 4.03.05.0; Synoptics Ltd.,
Cambridge, UK).

Cell viability assay. The viability of the cells was detected
using the Cell Counting Kit-8 (CCK-8) assay. Cells were
seeded in 96-well plates (10* cells/well) and allowed to adhere
overnight before the assay. At 24,48 and 72 h, 10 pl of CCK-8
reagent (Nanjing KeyGen Biotech, Co., Ltd., Nanjing, China)
was added to each well and incubated for 4 h. The optical
density (OD) values were measured at a wavelength of 450 nm
with a microplate reader (Thermo Fisher Scientific, Inc.).

EdU cell proliferation assay. The proliferation of cells was
detected using EdU cell proliferation assay according to the
manufacturer's instructions. Cells were seeded in 24-well
plates and maintained for 48 h before the assay. A total of
500 pl EdU (10 pM) reagent (Biotime, Shanghai, China) was
added to each well and incubated for 4 h to label the cells.
After 3 times washing with PBS, cells were fixed in a 4%
paraformaldehyde solution for 15 min, permeabilized with
0.3% Triton X-100 for another 15 min, and then incubated with
the click-reaction reagent for 30 min at room temperature in
the dark. DAPI reagent was used to counterstain the nucleus.
The result of staining was observed with a fluorescence inver-
sion microscope system (Nikon ECLIPSE Ti-S; Nikon, Tokyo,
Japan).

Cell apoptosis assay. An Annexin V-PE/7-AAD apoptosis
detection kit (Nanjing KeyGen Biotech) was used according
to the manufacturer's instructions to measure the apoptotic
rate of cells. Cells (10° cells/well) were seeded into 6-well
plates and allowed to adhere overnight. After being cultured
for 48 h, cells (including the floating ones) were harvested and
washed twice with PBS, and then resuspended with 400 ul
Annexin V binding buffer at a density of 4x10° cells/ml.
Subsequently, the cells were incubated with phycoerythrin
(PE) labelled Annexin V for 15 min at room temperature in
the dark, and then with 7-amino-actinomycin D (7-AAD)
for another 5 min on ice in the dark. Flow cytometry (Guava
easyCyte HT; EMD Millipore, Temecula, CA, USA) was
applied to distinguish early apoptotic, late apoptotic, necrotic
and viable cells.
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Plate clone formation assay. Cells were seeded and main-
tained in 6-well plates at a density of 200 cells/well. A total
of 10 ml of medium was added into each well to supply suffi-
cient nutrition for clone formation. After 3 weeks, cells were
fixed in a 4% paraformaldehyde solution for 30 min, and
then stained with Giemsa dye. The quantity and diameter
of the clones were considered as the evaluating indicators
of the proliferation ability of the cells (Nikon d610 camera;
Nikon).

Transmission electron microscopy. Cells were fixed with
ice-cold 2% glutaraldehyde and then 1% osmium tetroxide.
After 2 washes with PBS and dehydration with gradient
ethanol (30-100%), the cells were embedded in propylene
oxide/embedding resin (1:1). The resin blocks were cut into
ultra-thin (60 nm) sections with a LKB-V ultramicrotome
(LKB, Broma, Sweden). The sections were fixed on 200 mesh
copper standard grids and stained with uranyl acetate and
lead citrate. The cell ultrastructure was observed through an
H-7650 transmission electron microscope (Hitachi, Ibaraki,
Japan).

RNAi experiment. Small interfering RNA (siRNA) targeting
Atg5 and control siRNA were synthesized by Shangha
GenePharmaCo.,Ltd.(Shanghai,China). The siRNA sequences
were as follows: 1#siRNA, 5'-GACGUUGGUAACUGACAA
ATT-3"; 2#siRNA, 5'-GUCCAUCUAAGGAUGCAAUTT-3
3#siRNA, 5-GACCUUUCAUUCAGAAGCUTT-3"; and
control siRNA, 5"-TTCTCCGAACGTGTCACGTTT-3".

SWO82 cells were seeded in 6-well plates at a density
of 5x10° cells/well and allowed to adhere for 24 h. Then,
the cells were transfected with Atg5 siRNA or control
siRNA. X-tremeGENE siRNA Transfection reagent (Roche
Diagnostics, Mannheim, Germany) was used to improve
the transfection efficiency, according to the manufacturer's
protocol. The suppressing efficiency on Atg5 was determined
by RT-qPCR and western blot analysis.

Statistical analysis. Statistical analysis was performed using
the SPSS software version 18.0 (SPSS, Inc., Chicago, IL, USA).
Data are presented as the means =+ standard deviation (SD).
All data were analyzed with one-way ANOVA tests followed
by Tukey's correction for multiple comparisons. All statistical
tests were two-sided, and P<0.05 was considered to indicate a
statistically significant result.

Results

A stable Beclinl-overexpressing cell line is established. We
established the Beclinl-overexpressing SW982 cells and
selected the stable cells. We divided the SW982 cells into
3 groups: Control, NC (transfected with the negative control
lentivirus) and OE (Beclinl-overexpressing) groups. The
expression level of Beclinl in each group was detected by
RT-qPCR (Fig. 1A), immunofluorescence staining (Fig. 1B)
and western blot analysis (Fig. 1C). The results indicated that
the expression level of Beclinl was significantly increased in
the OE group compared to that noted in the Control and NC
groups. No significant difference was observed between the
Control and NC groups.
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Figure 1. The expression level of Beclinl in the 3 groups: Control, NC (transfected with the negative control lentivirus) and OE (Beclinl-overexpressing)
groups. (A) RT-qPCR analysis of Beclinl expression. (B) Immunofluorescence staining of Beclinl (magnification, x100). (C) Western blot analysis of Beclinl.
“P<0.05 compared to the Control group.
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Figure 2. The effect of Beclinl overexpression on the viability and proliferation of SW982 cells. (A) The CCK-8 assay in the 3 groups: Control, NC (transfected
with the negative control lentivirus) and OE (Beclinl-overexpressing). (B) The EdU cell proliferation assay in the 3 groups (magnification, x100). (C) The plate
clone formation assay in the 3 groups. "P<0.05, “P<0.01 compared to the Control group.

Beclinl overexpression inhibits cell viability in SW9S82 cells. ~ CCK-8 assay showed that the viability of SW982 cells in the OE

The antitumor effect of Beclinl has been confirmed in many
tumor cells. To explore the function of Beclinl in the viability
of SW982 cells, a CCK-8 assay was used to detect the cell
viability, an EdU cell proliferation assay was used to detect
the synthesis of DNA, and a plate clone formation assay was
performed to detect the proliferation ability. The result of the

group was significantly inhibited (Fig. 2A). The EdU-positive
rate was much lower in the OE group compared to the other
groups (Fig. 2B). Meanwhile, the clones in the OE group had
a significantly smaller mean diameter than those in the other
two groups. However, there was no significant difference in the
quantity of clones among the 3 groups (Fig. 2C).
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Figure 3. Beclinl overexpression induces apoptosis in SW982 cells. (A) FCM analysis of apoptotic cells in the 3 groups: Control, NC (transfected with the nega-
tive control lentivirus) and OE (Beclinl-overexpressing). (B) Western blot analysis of apoptosis-related proteins in the 3 groups. "P<0.05, “P<0.01 compared

to the Control group.

Beclinl overexpression induces apoptosis in the SW982
cells. To determine the apoptotic rate, flow cytometry (FCM)
was performed, and the result showed that the apoptotic rate
in the OE group was much higher than the rate in the other
two groups (Fig. 3A). For further confirmation, western blot
assays were performed to detect the expression levels of
proteins such as PCNA, cleaved-PARP, cleaved-caspase-3,
Bcl-2 and Bax. The result showed that the expression levels
of PCNA and Bcl-2 were decreased, while the cleaved-PARP
and cleaved-caspase-3 were increased in the OE group.
However, there was no difference in the expression level of the
pro-apoptotic protein Bax among the 3 groups (Fig. 3B).

Beclinl overexpression increases the autophagic activity in
SW982 cells. It is commonly known that Beclinl is a vital
gene involved in the autophagy process. To explore the effect
of Beclinl overexpression on the autophagy in SW982 cells,
the autophagy-related markers LC3 and p62 were detected by
western blot assay. The results showed that the expression level
of LC3II was increased and that of p62 was decreased in the
OE group (Fig. 4A). To confirm that Beclinl overexpression
could increase the autophagic flux, Bafilomycin Al (Baf Al)
which is a specific autophagic inhibitor was applied to inhibit
the degradation of autophagy-lysosomes. The results showed
that the expression level of LC3II was further increased
in the presence of Baf Al, which indicated that Beclinl

overexpression enhanced the autophagic activity in SW982
cells (Fig. 4B). Moreover, the formation of autophagosomes
was observed by transmission electron microscopy, and more
double membrane-enclosed autophagic vesicles containing
engulfed organelles were found in the SW982 cells of the OE
group compared to the Control group (Fig. 4C).

Autophagy contributes to the reduction in cell viability in
SW9I82 cells. To investigate the relationship between apoptosis
and autophagy, both induced by Beclinl-overexpression, small
interfering RNA (siRNA) targeting Atg5 was used to inhibit
the expression of Atg5 to suppress the autophagic activity.
The efficiency of inhibition was determined by RT-qPCR
and western blot assay. The results showed that 2#siRNA
and 3#siRNA effectively suppressed the expression level of
Atg5 (Fig. 5A and B). Therefore, 3#siRNA which had the
highest inhibition efficiency was used to knockdown Atg5 in
SWO82 cells of the OE group, and the Atg5-knockdown cells in
the OE group were isolated as the OE-Atg5 group. Western blot
assay showed that the expression level of LC3II was decreased,
but the expression level of p62 was increased in the OE-Atg5
group (Fig. 5C). A CCK-8 assay was performed to detect the
cell viability in each group, and the result demonstrated that
the viability in the OE-Atg5 group was significantly increased
compared to the OE group but lower than the viability of the
Control and NC groups (Fig. 5D). EdU assay showed that there
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Figure 6. Autophagy promotes the apoptosis induced by Beclinl overexpression through the Akt/Bcl-2/caspase-9 signaling pathway. (A) FCM analysis of
apoptotic cells in the 4 groups: Control, NC (transfected with the negative control lentivirus), OE (Beclinl-overexpressing) and OE-Atg5 (OE cells transfected

with 3#siRNA forAtg5). (B) Western blot assay for PCNA, cleaved-PARP and ¢

leaved-caspase-3. (C) Western blot assay for Bcl-2, Bax, caspase-9 and Akt.

“P<0.05, “P<0.01, compared to the Control group; #P<0.05 compared to the OE group.

was no difference in the EdU-positive rate between the OE and
OE-Atg5 groups (Fig. SE).

Autophagy promotes the apoptosis induced by Beclinl
overexpression through the Akt/Bcl-2/caspase-9 signaling
pathway. Since the relationship between apoptosis and
autophagy remains unclear, FCM was performed to determine
the change in the apoptotic rate when autophagy was inhibited.
The result showed that inhibition of autophagy suppressed

apoptosis induced by Beclinl overexpression to some extent,
but the effect was not absolutely reversed (Fig. 6A). This
conclusion was confirmed by western blot assay; the expres-
sion levels of cleaved-PARP and cleaved-caspase-3 were both
decreased in the OE-Atg5 group compared to the OE group, but
no difference was found in the expression of PCNA between
the OE and OE-Atg5 groups (Fig. 6B). Akt is an important
gene involved in both apoptosis and autophagy through
various signaling pathways; we further studied whether
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this pathway participated in the pathophysiological process
mentioned above in SW982 cells. Western blot assays were
performed, and related proteins were detected; the expression
level of Bcl-2 was increased in the OE-Atg5 group compared
to the OE group; no difference was found in the expression
level of Bax among all groups. Activation of caspase-9 was
enhanced in the OE group, and Atg5-knockdown inhibited
this activation to a certain degree. Phosphorylation of Akt was
inhibited in the OE group, and Atg5 knockdown reversed this
inhibition (Fig. 6C).

Discussion

The antitumor effect of Beclinl has been confirmed in many
previous studies, and Beclinl gene deletion has been found
in ovarian (29-31), breast (32,33), prostate (34,35) and other
tumors (36-39). However, the underlying mechanism of this
phenomenon remains unclear, which has caused a lot of
controversy.

In the present study, we demonstrated that Beclinl over-
expression inhibited cell viability and induced apoptosis.
Beclinl has a BH3 domain that binds to the anti-apoptotic
protein Bcl-2 to undermine the anti-apoptotic ability of tumor
cells. Bcl-2 is mainly expressed in proliferating and differ-
entiating cells. However, high expression of Bcl-2 inhibits
the apoptosis of tumor cells, which is closely associated with
tumorigenesis and tumor progress (40). PCNA is closely
related to cellular DNA synthesis. The expression level of
PCNA can be regarded as an indicator of cell proliferation
status. FCM assay demonstrated that Beclinl overexpres-
sion induced apoptosis in SW982 cells. Western blot assay
showed that Beclinl overexpression decreased the expres-
sion levels of Bcl-2 and PCNA, and promoted the activation
of caspase-3 and PARP, but the expression level of Bax did
not significantly change. We assumed that the reason for the
decreased viability was the imbalance of Bcl-2/Bax, mainly
because of the downregulation of Bcl-2. In addition, similar
findings have been reported in previous studies (41-44). The
result of the plate clone formation assay showed that Beclinl
overexpression inhibited cell proliferation. Notably, the OE
group had a smaller mean diameter of clones due to the inhi-
bition of proliferation, but there was no significant difference
in the quantity of clones among the different groups. This
result implied that Beclinl did not simply kill the tumor cells,
but functioned subtly to regulate cell proliferation and death
within an appropriate range.

Under normal conditions, autophagy protects cells against
pro-apoptotic factors (45,46). However, autophagy can also
play a role similar to apoptosis, leading to autophagic cell
death in some cases. This biological process was named
type II programmed cell death to distinguish it from
apoptosis (47). In recent years, more and more cases of auto-
phagic death have been reported, especially in tumors (24).
Yu et al (48) found that Zinc oxide nanoparticles induced
autophagic cell death and mitochondrial damage via the
generation of reactive oxygen species. Li e al (49) found
that plumbagin induced apoptotic and autophagic cell death
through inhibition of the PI3K/Akt/mTOR pathway in human
non-small cell lung cancer cells. Beclinl, as an important
gene of autophagy, is related to both apoptosis and autophagy.
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Mcl-1-dependent activation of Beclinl mediated autophagic
cell death induced by sorafenib and SC-59 in hepatocellular
carcinoma cells (50). Zoledronate induced autophagic cell
death in human umbilical vein endothelial cells via Beclinl
dependent pathway activation (25).

In this study, Beclinl overexpression enhanced autophagic
activity, and when the autophagic activity was inhibited
by Atg5-knockdown, the cell viability was significantly
increased. We assumed that Beclinl overexpression induced
autophagic death in SW982 cells. However, because the inhibi-
tion of autophagic activity did not absolutely reverse the cell
death induced by Beclinl overexpression, there may be an
autophagy-independent pathway that led to cell death. The
inhibition of autophagy did not change the expression level
of the PCNA, which implied that Beclinl could suppress the
proliferation of SW982 in an autophagy-independent way. In
addition, EdU assays confirmed this result mentioned above.
Additionally, FCM assay and western blot analysis of the
apoptosis-related proteins caspase-3 and PARP showed that
the inhibition of autophagy also suppressed the apoptotic
activity. It was reported that autophagy could result in cell
death alone (51,52), and autophagy could also induce cell death
via activating apoptosis (53,54). Moreover, we also found that
Akt/Bcl-2/caspase-9 pathway was involved in the cell death
induced by Beclinl overexpression, and it is known that Akt
affects both apoptosis and autophagy (55).

Autophagy is a double-edged sword for cell fate, and its
definite mechanism remains unclear. The role of Beclinl in
the crosstalk between autophagy and apoptosis needs further
exploration. Altogether, the present study revealed the critical
antitumor effect of Beclinl in the SW982 synovial sarcoma
cells, suggesting that Beclinl might be an important target
for synovial sarcoma therapy. SW982 is one kind of syno-
vial sarcoma cell lines, which is most commonly used in
studies because of its stable biological characteristics. All of
the results in this study were observed in SW982 synovial
sarcoma cells. Different cell lines of synovial sarcoma vary
in the biological characteristics, it would be better to use more
than 2 different cell lines to make the conclusion. However,
SWO982 is the only cell line that can be obtained from the
ATCC bioresource center, and it is also the only synovial
sarcoma cell line exists in China over the course of this study.
We will use other synovial sarcoma cell lines or primary
synovial sarcoma cells to verified our present result in further
studies.
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