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Downregulation of BAG3 attenuates cisplatin resistance by
inhibiting autophagy in human epithelial ovarian cancer cells
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Abstract. Epithelial ovarian cancer (EOC) is one of the most
common malignant gynecological tumors. Interval cytore-
ductive surgery and cisplatin-based chemotherapy are the
standard treatments. However, acquired resistance to cisplatin
presents a major challenge for improving the overall survival
and prognosis of patients. Recent evidence indicates that cyto-
protective functions of autophagy in cancer cells is a potential
mechanism for chemoresistance. The present study aimed to
investigate the mechanisms responsible for cisplatin resistance
in EOC cell lines. The results revealed that cisplatin activated
autophagy, measured by an increase in the expression of
LC3-II by western blot analysis, protecting ovarian cancer
cells from cisplatin toxicity. The present study also identified
Bcl-2-associated athanogene 3 (BAG3) as a novel autophagy
regulator that serves a role in cisplatin resistance. Treatment
with cisplatin was observed to enhance BAG3 expression
in parental and cisplatin-resistant ovarian cancer cell lines,
and the downregulation of BAG3 blocked cisplatin-induced
autophagy, thereby increasing cisplatin sensitivity in the EOC
cell lines. In conclusion, BAG3 attenuates cisplatin resistance
by inhibiting autophagy, suggesting that downregulation
of BAG3 may be a useful therapeutic strategy to overcome
cisplatin resistance by preventing cytoprotective autophagy in
EOC.
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Introduction

Epithelial ovarian cancer (EOC) accounted for ~90% of
ovarian cancer cases worldwide in 2012 (1). EOC remains
the most lethal gynecological malignancy due to the hetero-
geneous nature of the disease, and the majority of cases are
diagnosed at a late stage (2). The principal treatments for
ovarian cancer are complete surgical staging and maximal
resection with cisplatin-based chemotherapy (3). However,
chemoresistance against platinum-based therapies can
decrease chemotherapeutic efficacy and culminate in tumor
recurrence (4). Therefore, it is imperative to explore the mecha-
nisms of chemoresistance and to develop effective therapeutics
for the treatment of ovarian cancer.

Cisplatin was introduced into clinical trials in 1971, and is
widely used in the treatment of solid tumors, such as ovarian
cancer (5). This compound is the core drug used in combina-
tion with other chemotherapeutic agents in the treatment of
ovarian cancer in the clinical setting (6). However, primary or
acquired drug resistance is a major challenge and decreases
the treatment efficiency (7). The potential mechanisms
underlying platinum-based chemotherapy involve pharma-
cological, biochemical, apoptosis and microenvironment
resistance (8). Emerging evidences have also indicated that
autophagy may be involved in cell survival and chemoresis-
tance mechanisms (9-12). Macroautophagy (autophagy) is a
conserved catabolic pathway in which cytosolic contents, such
as damaged organelles, misfolded proteins and bacteria, are
transported into lysosomes for degradation (13,14). Cytotoxic
drugs often trigger autophagy, particularly in apoptosis-defec-
tive cells (15); however, how the tumor cells utilize autophagy
to prevent chemotherapy-mediated cell death remains elusive.

The Bcl-2-associated athanogene 3 (BAG3) protein is a
member of the BAG family (16). The human BAG3 protein
contains a C-terminal heat shock protein 70-binding BAG
domain, which inhibits its chaperone activity (17), a WW
domain, a proline-rich (PXXP) domain, and two conserved
IPV motifs, one located centrally and the other closer to
the N terminus (18). BAG3 not only interacts with Bcl-2 to
inhibit apoptosis (16,19), but also participates in the regulation
of autophagy by interacting with heat shock protein family
proteins and heat shock protein 3-8, to facilitate the removal
of misfolded and degraded proteins (20). The human BAG3
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gene is located on the long arm of chromosome 10 26.11 and is
expressed constitutively in myocytes, certain other normal cell
types, such as breast and thyroid cell lines, and several primary
tumors or tumor cell lines, including ovarian cancer cells (21).
Numerous types of cell factors can induce the expression of
BAG3. For example, stress, heavy metals and HIV infection
can upregulate BAG3 expression (22). BAG3 dysfunction has
been implicated in numerous disorders, including cancer,
myopathies and neurodegeneration. Previous evidence has
suggested that the BAG3 protein exerts a function in regulating
the balance between cell survival and death (16). A previous
study reported that BAG3-mediated selective macroautophagy
is an adaptive mechanism that maintains cellular homeostasis
under stress conditions and during aging, making BAG3 a
potential target for future pharmacological interventions (16).
However, whether BAG3 participates in cisplatin resistance in
ovarian cancer cells, and the underlying mechanisms remain
unclear.

The present study utilized the cisplatin-resistant ovarian
cancer cell line SKOV3/DDP and the parental SKOV3 cell
line to identify: i) The roles of BAG3 in cisplatin-induced
autophagy associated with the drug resistance and ii) the
relevant mechanisms for regulating the process. The present
findings support BAG3 as a potential therapeutic target for
enhancing the efficacy of cisplatin in ovarian cancer.

Materials and methods

Cell lines and reagents. The human EOC cell lines SKOV3
(parental) and SKOV3/DDP (cisplatin-resistant) were obtained
from the Cell Bank of the Chinese Academy of Sciences
(Beijing, China). The cells were cultured in RPMI-1640
medium supplemented with 10% fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
and 100 U/ml streptomycin/penicillin at 37°C in a humidified
atmosphere containing 95% air and 5% CO,. The SKOV3/DDP
cells were additionally cultured with 1 M cisplatin to maintain
drug-resistance. Antibodies against microtubule-associated
protein 1 light chain 3 (LC3; cat. no. 2775), sequestosome 1
(p62/SQSTMI; cat. no. 5114), caspase-3 (cat. no. 9662), cleaved
caspase-3 (cat. no. 9664), poly [ADP-ribose] polymerase
(PARP; cat. no. 6542) and cleaved PARP (cat. no. 5625) were
obtained from Cell Signaling Technology, Inc. (Danvers, MA,
USA). Antibodies against GAPDH (cat. no. 10494-1-AP) and
BAGS3 (cat. no. 10599-1-AP) were purchased from Protein
Technology (Chicago, IL, USA). Cisplatin (cat. no. BP809,
15663-27-1), chloroquine disphosphate (CQ; cat. no. C6628,
50-63-5) and the secondary antibody (anti-mouse immu-
noglobulin G; cat. no. A2304) were purchased from
Sigma-Aldrich (Merck KGaA, Darmstadt, Germany). The cell
culture medium was purchased from Gibco (Thermo Fisher
Scientific, Inc., Waltham, MA, USA).

Cell viability assay. SKOV3 (1x10%) and SKOV3/DDP (6x10°)
cells were seeded into 96-well plates and cultured in the
aforementioned conditions for 24 h. Cells were permitted
to adhere, and were then pretreated at 37°C with or without
10 uM CQ for 2 h, followed by the indicated concentrations
of cisplatin (20 uM), CQ (10 kM) or a combination (20 M
cisplatin + 10 uM CQ) for the indicated times. DMSO was used
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as the untreated control. In brief, 10 ul Cell Counting Kit-8
(CCKS) reagents (Beijing Solarbio Science & Technology Co.,
Ltd., Beijing, China) were added to each well and cultured
at 37°C for ~1 h, and the absorbance at 450 nm was then
calculated using a microplate reader (Bio-Rad Laboratories,
Inc., Hercules, CA, USA). Cell survival was calculated as:
Cell survival rate (%)=(experimental group OD value-blank
group OD value)/(control group OD value-blank group OD
value). The concentration of cisplatin necessary to cause 50%
inhibition (IC,,) was calculated by non-linear regression using
GraphPad Prism version 5.0 (GraphPad Software, Inc., La
Jolla, CA, USA). All samples were performed in triplicate for
each group.

Green fluorescent protein (GFP)-LC3 plasmid transfection
and autophagic flux assay. The SKOV3 and SKOV3/DDP
cells were transfected with a GFP-LC3 expression plasmid
(500 ng/ul, BioVector, Ltd, Preston, UK) at 70-80% conflu-
ence using Lipofectamine 3000 (Invitrogen; Thermo Fisher
Scientific, Inc.). The time interval between transfection and
subsequent experimentation was 48 h. After 48 h, the cells were
fixed with 3.7% formaldehyde for 15 min at room temperature
and washed three times with cold PBS, and the distribution
and fluorescence of GFP-LC3 were visualized by fluorescence
microscopy (magnification, x200). The numbers of GFP-LC3
puncta were counted manually in 20 cells per group, in 10
randomly selected fields of view as described previously (23).

Transmission electron microscopy (TEM) assay. Following
treatment, cells were washed with 0.1x cacodylate buffer
(pH 7.4) and were fixed with 2% glutaraldehyde in PBS for
24 h at 4°C. The rest of the process was conducted as described
previously (24). Sections were examined using a Zeiss trans-
mission electron microscope (magnification, x10,000; Zeiss
GmbH, Jena, Germany).

Flow cytometry assay. The degree of apoptosis was assessed
using an Annexin V-FITC/propidium iodide (PI) apoptosis
detection kit (BD Pharmingen; BD Biosciences, San Jose, CA,
USA). Following the aforementioned treatments, cells were
harvested in 0.25% trypsin and washed three times with PBS,
and 1x10° cells were then suspended in 500 ul binding buffer
and incubated with 5 ul Annexin V and 5 pl PI for 15 min in
the dark. Analysis of apoptotic cells was performed using a
flow cytometer (Cytomics™ FC 500; Beckman Coulter, Inc.,
Brea, CA, USA; CXP. Software version 1.0 CXP Cytometer;
Beckman Coulter, Inc.).

TUNEL assay. A total of 3x10° SKOV3 and SKOV3/DDP
cells per well were seeded on six-well plates and fixed with
3.7% paraformaldehyde at room temperature for 1 h. The cells
were permitted to adhere. The cells were washed three times
with PBS for 5 min between each step, which was followed
by the addition of 100 ul 0.1% Triton X-100. The cells were
then placed on ice for 2 min and 50 I TUNEL (Beyotime
Institute of Biotechnology, Shanghai, China) reaction mixture
(2 ul TdT enzyme and 45 ul fluorescence labeling) was added
to the cells, followed by incubation at 37°C for 1 h. Cell nuclei
were stained with 1 ml 10 uzg/ml DAPI (Beyotime Institute of
Biotechnology) for 5 min at room temperature in the dark and
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observed under a fluorescence microscope for TUNEL and
DAPI staining (EVOS™ Thermo Fisher Scientific, Inc.). Cells
with red fluorescence were defined as apoptotic cells, and the
number of apoptotic cells was counted in 5 randomly selected
fields of view at x200 magnification.

cDNA constructs, short hairpin (sh)RNA and transfection.
Cells were transfected with a GFP-tagged LC3 cDNA expres-
sion construct or BAG3 shRNA (GenePharma, Shanghai,
China) using Lipofectamine 3000, according to the manufac-
turer's protocol. The sequence of BAG3 shRNA was 5'-GAT
ACACGAGCAGAACGTTAC-3, the concentration of BAG3
shRNA used for transfection was 500 ng/ul. The time interval
between transfection and subsequent experimentation was
48 h.

Reverse transcription-quantitative polymerase chain
reaction (RT-gPCR). Total RNA was extracted from SKOV3
and SKOV3/DDP cells using TRIzol® (Invitrogen; Thermo
Fisher Scientific, Inc.) and RT was performed using the
PrimeScript™ RT Master Mix (Takara Bio, Inc., Shiga, Japan).
The temperature protocol used for RT was, 37°C for 15 min,
85°C for 5 sec followed by a 4°C holding step. The qPCR reac-
tions were performed using SYBR Green reagents (Takara Bio
Inc.) on an Agilent Mx3005P system (Agilent Technologies,
Inc., Santa Clara, CA, USA). The thermocycling conditions
were: 95°C for 30 sec; 35 cycles of 95°C for 30 sec; 60°C for
30 sec; 72°C for 15 sec, fluorescent signals are collected here;
95°C for 5 sec; and 65°C for 59 sec; and 95°C for 30 sec. Each
sample was run in triplicate. The primers used were as follows:
Human BAG3 forward, 5'-CTCCATTCCGGTGATACA
CGA-3' and reverse, 5"-TGGTGGGTCTGGTACTCCC-3";
GAPDH forward, 5-GAAGGTGAAGGTCGGAGTC-3' and
reverse, 5'-GAAGATGGTGATGGGATTTC-3'. The relative
expression levels were calculated using the 224 method (25).

Immunofluorescence assay. SKOV3 and SKOV3/DDP cells
were cultured on coverslips, fixed with 3.7% paraformaldehyde
in PBS for 30 min at room temperature, and permeabilized
with 0.1% Triton X-100 in PBS for 20 min. Following blocking
with 10% FBS for 30 min at room temperature, cells were incu-
bated with primary antibodies for 2 h, washed three times with
PBS, and incubated with secondary antibodies for 1 h at room
temperature in the dark. The nuclei were then visualized using
DAPI for 5 min at room temperature in the dark (Beyotime
Institute of Biotechnology) and the cells were observed using
a Leica TCS SP5 laser confocal microscope (magnification,
x800; Leica Microsystems GmbH, Wetzlar, Germany).

Western blot analysis. Following the aforementioned treat-
ments, SKOV3 and SKOV3/DDP cells were washed with
ice-cold PBS and lysed in RIPA buffer (Beijing Solarbio
Science & Technology Co., Ltd., Beijing, China), and protein
concentrations were subsequently determined by a bicincho-
ninic acid protein assay (Beyotime Biotechnology Institute of
Biotechnology). The protein lysates (40 ug) were separated by
12% SDS-PAGE or 15% SDS-PAGE and transferred to PVDF
membranes (EMD Millipore Corp., Billerica, MA, USA).
The membranes were blocked with 5% skimmed milk for
2 h at room temperature with slow agitation, incubated with
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primary antibodies (1:1,000) overnight at 4°C, and were subse-
quently incubated with horseradish peroxidase-conjugated
secondary antibodies (1:2,000) for 1 h at room temperature.
The membranes were then visualized with ECL reagents
(Applygen, Beijing, China). Densitometric analysis was
performed using the ImageJ software version 6.0 (National
Institutes of Health, Bethesda, MD, USA).

Statistical analysis. All the data are presented as the
mean + standard deviation. Data were analyzed and visual-
ized using GraphPad Prism version 5.0. Two-sided Student's
t-test was used to assess for statistically significant differences
between two groups. A one-way analysis of variance followed
by Tukey's post-hoc test was used to determine statistical
differences among multiple treatment groups. All experiments
were independently repeated in triplicate. P<0.05 was consid-
ered to indicate a statistically significant difference; all tests
were two-sided and no corrections were applied for multiple
significance testing.

Results

Sensitivity of EOC cell lines to cisplatin treatment. The present
study detected cisplatin sensitivity of the SKOV3/DDP cells
compared with their parental SKOV3 cells using the CCKS8
assay after the cells were exposed to various concentrations of
cisplatin for 48 h. The percentage of surviving cells decreased
in a dose-dependent manner in the SKOV3 and SKOV3/DDP
cells (Fig. 1A). The 48 h IC, values of cisplatin in SKOV3
and SKOV3/DDP cells were 6.12+1.09 and 25.59+2.116 uM,
respectively (Fig. 1B). Based on these results, 20 M cisplatin
was selected for use in the subsequent experiments.

Cisplatin induces cytoprotective autophagy in EOC cells.
The ability of cisplatin to induce autophagy in EOC cells was
investigated. The detection of LC3, a mammalian ortholog of
yeast Atg8, is a common way to monitor autophagy. During
autophagy induction, the non-lipidated form of LC3 (LC3-I)
is conjugated with phosphatidylethanolamine, converted
into the lipidated form (LC3-II), which is associated with
autophagosome biogenesis. The p62 protein links with LC3-I1
or ubiquitinated substrates, which are degraded during autoph-
agic flux (26). In the present study, SKOV3 and SOV3/DPP
cells were exposed to concentrations of cisplatin ranging from
0 to 20 uM, and the drug was observed to activate autophagy.
The treatment increased the level of LC3-II and decreased p62
expression in the SKOV3 and SKOV3/DDP cells, as demon-
strated by western blotting (Fig. 2A). Similar results were
observed with ultrastructural analysis of autophagosomes
using TEM (Fig. 2B). The effect of cisplatin on autophagy was
further confirmed by a GFP-LC3 punctate-formation assay.
SKOV3 and SKOV3/DDP cells were transiently transfected
with a GFP-LC3 plasmid to monitor autophagosome forma-
tion through fluorescence microscopy, and the number of
GFP-LC3 puncta cells were increased in the examined cell
lines (Fig. 2C).

In order to determine whether cisplatin-induced autophagy
exerted a protective function in cisplatin treatment, an
autophagy inhibitor, CQ, was used. Treatment with CQ
increases the formation of autophagosomes by preventing
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Figure 1. Sensitivity of epithelial ovarian cancer cells to cisplatin treatment. (A) SKOV3 and SKOV3/DDP cells were treated with various concentrations
of cisplatin for 48 h, and the cell viability was determined using a Cell Counting Kit-8. The dose response curves presented as a sigmoidal shape. (B) The
ICy, values of cisplatin in SKOV3 and SKOV3/DDP cells were calculated. Each value represents the mean + standard deviation from three independent

experiments. "P<0.05. ICs, half maximal inhibitory concentration.

autophagosome-lysosome fusion, eventually inhibiting
late-stage autophagy (27). Cells were treated with cisplatin in
the presence or absence of CQ, and cell viability was deter-
mined using a CCKS assay. Cells treated with cisplatin alone
were more resistant than those treated with cisplatin and CQ
in the examined cell lines (Fig. 2D). These results suggest
that cisplatin induces autophagy, serving a protective role in
ovarian cancer cells exposed to cisplatin.

Cisplatin promotes BAG3 expression in EOC cells. The
present study investigated the potential role of BAG3 in the
regulation of cisplatin-induced autophagy. The endogenous
expression level of BAG3 was lower in the SKOV3 compared
with the SKOV3/DDP cells, according to western blot analysis
(Fig. 3A). The effect of 48-h treatment with various concentra-
tions of cisplatin on BAG3 expression was then determined.
The treatment increased BAG3 protein levels in the cells
and the effect was not concentration-dependent. The rela-
tive BAG3 expression exhibited no significant differences
between different treatment concentration groups (Fig. 3B).
Furthermore, confocal microscopy analysis revealed that the
green fluorescence of BAG3 accumulated primarily in the
cytoplasm, with small amounts in the nucleus (Fig. 3C), and
the fluorescence intensity was significantly increased following
treatment with 20-uM cisplatin (Fig. 3D). Consistent with the
western blotting results, RT-qPCR demonstrated that BAG3
mRNA levels increased following treatment with cisplatin
for 48 h, the increase in BAG3 mRNA expression levels in
SKOV3/DDP cells was larger than the increase in SKOV3
cells (Fig. 3E).

Downregulation of BAG3 modulates cisplatin resistance
in ovarian cancer cells via inhibition of autophagy. The
present study investigated the association between BAG3
and cisplatin-induced autophagy in EOC cells via the knock-
down of BAG3 with shRNA. SKOV3/DDP and SKOV3
cells transfected with BAG3 shRNA were treated with
cisplatin (20 M) for 48 h. BAG3 knockdown caused marked
decreases in the protein level of BAG3 in the examined cell
lines, as demonstrated by western blot analysis. Protein level
detection also revealed that the downregulation of BAG3
prevented the formation of LC3-1I and the degradation of p62,
and enhanced the expression of apoptosis-associated proteins

cleaved-PARP and cleaved-caspase-3, following exposure
to cisplatin. Furthermore, BAG3 downregulation inhibited
autophagy activity more markedly in the SKOV3/DDP cells
compared with SKOV3 (Fig. 4A). Subsequently, cell viability
was examined using a CCKS8 assay. BAG3 knockdown
significantly enhanced the sensitivity of the cells to cisplatin
compared with that in cells transfected with control sShRNA
(Fig. 4B). The formation of GFP-LC3 punctate fluorescent
dots following treatment with cisplatin were also decreased in
SKOV3/DDP cells transfected with BAG3 shRNA, compared
with the vector control group (Fig. 4C). Taken together, these
results demonstrated that BAG3 serves an important role
in the regulation of cisplatin-induced autophagy in ovarian
cancer cells.

BAG3 enhances cisplatin-induced apoptosis in EOC cells.
To clarify the role of BAG3 in the regulation of EOC cell
apoptosis following cisplatin treatment, SiIRNA targeting
BAG3 was transfected into SKOV3 and SKOV3/DDP cells.
Cisplatin induced apoptotic cell death to a great extent
after BAG3 knockdown, as revealed by an increase of
Annexin V-positive cells by 20.41+£1.36 and 38.06+0.99%
in SKOV3 and SKOV3/DDP cells, respectively (Fig. 5A).
Consistent with the flow cytometry results, the TUNEL
assay revealed that cisplatin induced apoptotic cell death
to a great degree following BAG3 knockdown in the
SKOV3/DDP cells ("P<0.01; Fig. 5B). These data indicate
that downregulation of BAG3 enhances cisplatin-induced
apoptosis, confirming its role in the resistance of ovarian
cancer cell to cisplatin.

Discussion

The platinum-based cytotoxic compound cisplatin has been
commonly used in ovarian cancer treatment for almost three
decades, as it induces apoptosis in cancer cells due to lethal
DNA damage (28). However, the intrinsic and acquired resis-
tance to cisplatin in cancer cells remains a major challenge.
Multiple molecular mechanisms contribute to cisplatin-resis-
tance, including a defective DNA repair system, enhanced
drug clearance and detoxification, epigenetic regulation and
abnormal signaling pathways (29). Growing evidence indi-
cates a role of autophagy as a pro-survival and resistance
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Figure 2. Cisplatin induces cytoprotective autophagy in epithelial ovarian cancer cells. (A) Parental SKOV3 and cisplatin-resistant SKOV3/DDP cells were
treated with the indicated concentrations of cisplatin for 48 h and whole-cell lysates were subjected to western blot analysis to detect the protein levels of LC3-I,
LC3-II and p62. GAPDH served as a loading control. Densitometric values were quantified and the data are presented as the mean + standard deviation of three
independent experiments. “P<0.05, “P<0.01, ““P<0.001 vs. the control group. (B) Autophagic vacuoles were detected by transmission electron microscopy.
The black arrows indicate autophagic vacuoles. Scale bar, 1 ym. “P<0.05 and “"P<0.01. (C) SKOV3 and SKOV3/DDP cells were transiently transfected with a
GFP-LC3 expression plasmid for 48 h and then exposed to cisplatin (20 M) for an additional 48 h. The formation of GFP-LC3 puncta was examined using
immunofluorescence and quantified. Each value represents the mean + standard deviation from three independent experiments. Scale bar, 200 ym. "P<0.05 and
“P<0.01. (D) SKOV3 and SKOV3/DDP cells were pretreated with or without CQ (10 zM) for 2 h and then exposed to the indicated concentrations of cisplatin
for 48 h. The cell viability was determined using the Cell Counting Kit-8. The data are presented as the mean + standard deviation from three independent
experiments. "P<0.05 and “P<0.01. LC3, microtubule-associated protein 1 light chain 3; p62, sequestosome 1; GFP, green fluorescent protein; CQ, chloroquine
disphosphate.
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Figure 3. Cisplatin promotes the expression of BAG3 in epithelial ovarian cancer cells. (A) SKOV3 and SKOV3/DDP cell lysates were subjected to western
blot analysis to determine the endogenous expression level of BAG3 and GAPDH (as a loading control). “P<0.01. (B) SKOV3 and SKOV3/DDP cells were
treated with different doses of cisplatin and whole-cell lysates were subjected to western blot analysis to detect BAG3 and GAPDH (as a loading control).
Densitometric values were quantified and the data are presented as the mean + standard deviation of three independent experiments. "P<0.05, “"P<0.01 and
“*P<0.001 vs. the control group respectively in SKOV3 and SKOV3/DDP. In addition, there are no statistically significant different during different treatment
concentration groups respectively in SKOV3 and SKOV3/DDP. (C) SKOV3 and SKOV3/DDP cells were treated with or without 20 #M cisplatin for 48 h and
BAGS3 expression and location were detected using confocal microscopy. Scale bar, 50 ym. (D) Quantification of the relative fluorescence intensity. The data
are presented as the mean =+ standard deviation of triplicate determinations. "P<0.05 and ““P<0.001. (E) SKOV3 and SKOV3/DDP cells were treated with or
without cisplatin (20 M) for 48 h and BAG3 mRNA levels were then determined by RT-qPCR. The data are presented as the mean + standard deviation from
three independent experiments. ““P<0.001. BAG3, Bcl-2-associated athanogene 3; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

mechanism to chemotherapy. A recent study demonstrated
that cisplatin can induce autophagy in ovarian cancer cells (5).
Herein, a new mechanism is described in which the down-
regulation of BAG3 mediates cisplatin-induced autophagy in
cisplatin-resistant ovarian cancer cells.

Autophagy is an evolutionarily conserved process
whereby cytoplasmic cargo sequestered inside
double-membrane vesicles is delivered to the lysosome for

degradation (30). Autophagy exerts cytoprotective func-
tions and may also lead programmed cell death (31). An
increasing amount of evidence suggests that autophagy
process may promote cell survival following treatment with
anticancer drugs, and may therefore be associated with
chemotherapy resistance (32). The induction of autophagy
has been demonstrated to promote resistance of ovarian
cancer to cisplatin (33). Zhang et al (34) demonstrated that
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Figure 4. Downregulation of BAG3 modulates cisplatin resistance in ovarian cancer cells via the inhibition of autophagy. SKOV3 and SKOV3/DDP cells
were transfected with control RNA or shRNA targeting BAG3, followed by treatment with 20 M cisplatin for 48 h. (A) Whole-cell lysates were subjected
to western blot analysis to detect LC3, p62, PARP, cleaved-PARP, caspase-3, cleaved-caspase-3, BAG3 and GAPDH (as a loading control). (B) Cell viability
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additional 48 h. Scale bar, 200 gm. The formation of GFP-LC3 puncta were examined using immunofluorescence and quantified. The data are presented as
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the mean + standard deviation from three independent experiments.

P<0.001. BAG3, Bcl-2-associated athanogene 3; LC3, microtubule-associated protein 1

light chain 3; p62, sequestosome 1; PARP, poly [ADP-ribose] polymerase; shRNA, short hairpin RNA; GFP, green fluorescent protein.

thioredoxin domain containing 17 promoted paclitaxel
resistance by inducing autophagy in ovarian cancer. The
present study investigated cisplatin resistance in ovarian
cancer SKOV3 and SKOV3/DDP cell lines, and the ICs,
of cisplatin in the SKOV3/DDP was ~4-fold higher than
the parental SKOV3 cells. Cisplatin induced autophagy
in a concentration-dependent manner in the examined
cells, as demonstrated by the western blot results for the
autophagy markers LC3-I, LC3-II and p62. This compound
has previously been demonstrated to induce autophagy in
various types of cancer cells, such as ovarian cancer cells

and osteosarcoma cancer cells (35,36), and another study
indicated that autophagy serves a protective role in cisplatin
resistance (34). The results of the present study demonstrated
that the blockade of autophagy promoted cisplatin-induced
cell death in SKOV3 and SKOV3/DDP cells, and partially
re-sensitized cisplatin-resistant SKOV3/DDP cells.

BAGS3 has been reported to function as a novel modu-
lator of autophagy in cancer cells by regulating key
autophagy-related proteins (37). The functions of BAG3
in ovarian cancer have also been partly investigated. A
previous study reported that increased BAG3 expression was
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Figure 5. BAG3 inhibits cisplatin-induced apoptosis in epithelial ovarian cancer cells. SKOV3 and SKOV3/DDP cells were transfected with control RNA or

shRNA targeting BAG3, followed by treatment with 20 M cisplatin for 48 h. (A

) Apoptosis was analyzed by flow cytometry following Annexin V/propidium

iodide staining. The percentages of Annexin V-positive cells are presented in the bar chart. The data are presented as the mean + SD of three independent

pres

experiments.

P<0.001. (B) Apoptosis was also determined using a TUNEL assay. Scale bar, 400 xm. The percentages of apoptotic cell are presented in the

bar chart. “P<0.01. The data are presented as the mean + SD of three independent experiments. BAG3, Bcl-2-associated athanogene 3; shRNA, short hairpin

RNA; SD, standard deviation.

significantly associated with poor overall survival in patients
with primary ovarian tumors (38). BAG3 was also revealed
to increase the invasiveness of uterine corpus and ovarian
carcinomas (39,40). Furthermore, it also induced resistance
to paclitaxel in ovarian clear cell carcinoma cells (41). Recent
evidence has suggested that BAG3 exerts a function in
adjusting apoptosis and modulating cisplatin resistance (42).
The present findings support a role for autophagy activation
in chemoresistance in cancer cells, and the downregulation
of autophagy was revealed to sensitize the examined cancer
cells to cisplatin. Few previous studies have investigated
the association between BAG3 and autophagy in ovarian
cancer cisplatin resistance, although the current study
demonstrated that cisplatin treatment upregulates BAG3
expression. Regulating autophagy to induce cell death,
inhibiting protective autophagy, and promoting crosstalk
with tissue-specific apoptosis may be promising avenues for
novel anticancer chemotherapeutic strategies (43). Therefore,
the present study evaluated the role of BAG3 in regulating
autophagy in ovarian cancer. The knockdown of BAG3 by
shRNA led to the suppression of autophagy, which was
measured by a decrease in the level of LC3-II, GFP-LC3
puncta formation and p62 degradation, when compared with
the control group, particularly in SKOV3/DDP cells. The
downregulation of BAG3 also markedly increased the sensi-
tivity to cisplatin in SKOV3/DDP cells compared with that in
SKOV3, as determined by a CCKS assay. The present study
further investigated the association between autophagy and

apoptosis with BAG3 downregulation. The knockdown of
BAGS3 significantly augmented cisplatin-induced apoptosis,
as indicated by an increase in the expression of cleaved
caspase-3 and PARP. In addition, cisplatin induced apoptotic
cell death to a greater degree following BAG3 knockdown,
as revealed by Annexin V/PI and TUNEL staining. These
results suggest that the downregulation of BAG3 attenu-
ates cisplatin resistance by inhibiting autophagy in ovarian
cancer cells. However, the detailed molecular mechanisms
underlying the regulation of autophagy via BAG3 may be
complex, and further studies are required in order to clarify
these.

In conclusion, the present study identified BAG3 as a
novel regulator of autophagy and demonstrated its involve-
ment in the modulation of cisplatin resistance in ovarian
cancer cells. BAG3 also affected apoptosis, therefore the
downregulation of BAG3 can enhance the sensitivity of
ovarian cancer cells to cisplatin by regulating autophagy and
apoptosis, particularly in the cisplatin-resistant SKOV3/DDP
cells. Consequently, BAG3 may represent a novel therapeutic
target for preventing chemoresistance in cancer cells, and the
knockdown of BAG3 may be a useful strategy to overcome
chemoresistance by preventing cytoprotective autophagy in
ovarian cancer cells.
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