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Inhibition of autophagy enhances cinobufagin-induced
apoptosis in gastric cancer
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Abstract. Cinobufagin is a cardiotoxic bufanolide steroid
secreted by the Asiatic toad Bufo gargarizans. Cinobufagin
is one of the active ingredients in the anticancer Chinese
medicine called Chan Su, which was demonstrated to be an
effective treatment for gastric cancer. Increasing evidence
shows that inhibition of autophagy has a pro-apoptotic effect on
human gastric cancer cells. The aim of the present study was to
investigate the relationship between cinobufagin, autophagy and
apoptosis in gastric cancer. Autophagy was induced or inhibited
in the human gastric cancer cell line SGC-7901 by incubation
in HBSS media or by treatment with 3-methyladenine or
ATGS5 siRNA, respectively. Following treatment, the levels of
apoptosis, apoptotic proteins, reactive oxygen species (ROS),
and mitochondrial membrane potential were compared between
the conditions. As anticipated, we found that cinobufagin
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increased apoptosis in SGC-7901 cells. Notably, inhibition of
autophagy, monitored by the absence of the autophagosome
marker LC3-1II, also enhanced cell apoptosis. This effect was
reversed when autophagy was induced by incubation in HBSS
media. Enhanced expression of pro-apoptotic indicators,
including BAX, cytosolic cytochrome c, cleaved PARP,
caspase-3 and caspase-9, was detected when autophagy was
suppressed. Increased pro-apoptotic protein expression was
accompanied by disrupted mitochondrial membrane potential
and elevated ROS production. Altogether, these data suggest
that inhibition of autophagy enhances the anticancer action
of cinobufagin through increased apoptosis of gastric cancer
cells. Moreover, these effects may be partly mediated by ROS
generation and the activation of the mitochondrial programmed
cell death pathway.

Introduction

Gastric cancer is the fourth most frequently diagnosed
cancer and the 2nd leading cause of cancer-related deaths
worldwide (1). The morbidity and mortality rate of gastric
cancer have decreased substantially over the past few decades,
and attention has shifted to the key issue of prevention and
treatment of gastric cancer. Increasing evidence implicates
Helicobacter pylori in the development of gastric cancer. The
initial bacterial infection leads to chronic gastritis and gastric
ulcers, which may finally culminate in gastric cancer (2,3).
The current treatments for gastric cancer include surgery,
chemotherapy, radiotherapy, thermal therapy, immune therapy,
and Chinese herbal treatment. However, due to the difficulty in
diagnosing gastric cancer at an early stage, the prognosis with
the current treatment options is often poor (4,5). Therefore, it
is necessary to identify novel agents that more effectively treat
advanced gastric cancer.

Cinobufagin is a cardiotoxic bufanolide steroid secreted
by the Asiatic toad Bufo gargarizans. Chan Su, a traditional
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Chinese medicine, is used to make a variety of valuable
medicinal herbs. Bufalin, resibufogenin, and cinobufagin are
the active ingredients in Chan Su. To date, several reports
have detailed the antitumor effects of cinobufagin in gastric
cancer (6-8). Additionally, research has demonstrated that
cinobufagin may trigger apoptosis and autophagic cell
death in gastric cancer via activation of the reactive oxygen
species (ROS)/JNK/p38 axis. Interestingly, mutation of
certain autophagy-related genes, such as ATG16L1 (autophagy
related 16 like 1) and IRGM (immunity related GTPase M),
confers susceptibility to gastric cancer (8). This suggests that
there may be a close relationship between autophagy and the
development of gastric cancer.

Autophagy is a pathophysiological process that enables the
recycling of long-lived proteins or damaged organelles and
is crucial for cell development, differentiation, survival and
homeostasis (9-11). Many investigators have demonstrated the
important role of autophagy in the development and progres-
sion of a wide range of cancers, including gastric cancer. It
is believed that inhibition of autophagy in cancer cells could
improve the toxicity of antitumor drugs and reverse drug resis-
tance (12,13). In fact, we previously reported that knockdown
of autophagy related 5 (ATG5) in hepatocellular carcinoma
inhibits autophagy and enhances the antitumor effect of
norcantharidin, a traditional Chinese medicine (14).

Previous studies have shown that cinobufagin and
inhibition of autophagy both play anticancer roles in gastric
cancer. Many reports have elucidated the cytotoxic effects
of cinobufagin; however, little is known concerning the
mechanism of cinobufagin-induced cytotoxic activity in
gastric cancer (8,13). The mechanism of autophagy induction
in gastric cancer and the connection between cinobufagin
and autophagy are also not well established. Therefore, the
objective of the present study was to elucidate the relationship
of cinobufagin and autophagy in terms of their anticancer
action.

Materials and methods

Reagents and materials. Cinobufagin was obtained from
the National Institute for the Control of Pharmaceutical
and Biological Products (Beijing, China). Cell Proliferation
kit I (MTT) was purchased from Roche Applied Science
(Mannheim, Germany). Hank's balanced salt solution (HBSS)
was obtained from Sigma-Aldrich/Merck KGaA (Darmstadt,
Germany). RPMI-1640 media, 10% heat-inactivated fetal
bovine serum (FBS), and pancreatic enzymes were purchased
from Gibco; Thermo Fisher Scientific, Inc. (Waltham, MA,
USA). Antibodies, including B-actin (dilution 1:10,000;
cat. no. ab227387), microtubule associated protein 1 light
chain 3 (LC3-II) (dilution 1:3,000; cat. no. ab51520), caspase-3
(dilution 1:1,000; cat. no. ab2302), caspase-8 (dilution 1:1,000;
cat. no. ab25901), caspase-9 (dilution 1:1,000; cat. no. ab32539),
Bax (dilution 1:2,000; cat. no. ab32503). Bcl-2 (dilution
1:2,000; cat. no. ab182858) and cytochrome c (dilution 1:5,000;
cat. no. ab133504) antibody were from Abcam (Cambridge,
UK). Secondary antibody, included goat anti-rabbit IgG
horseradish peroxidase (dilution 1:4,000; cat. no. ab6721) and
goat anti-mouse IgG horseradish peroxidase (dilution 1:4,000;
cat. no. ab205719) were from Abcam (Cambridge, UK).
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Antibody against cleaved PARP was purchased from Santa
Cruz Biotechnology, Inc. (dilution 1:500; cat. no. sc-56196;
Santa Cruz, CA, USA). The mitochondrial membrane potential
assay kit with JC-1 and RIPA lysis buffer was purchased from
Beyotime Institute of Biotechnology (Suzhou,China). Enhanced
chemiluminescence (ECL) detection kits and protease inhibitor
were purchased from Pierce Biotechnology/Thermo Fisher
Scientific, Inc. Horseradish peroxidase (HRP)-conjugated
secondary antibody was obtained from Beijing Zhongshan
Golden Bridge Biotechnology (Beijing, China).

Cell lines and treatment. The human gastric cancer cell line
SGC-7901 was obtained from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). Cells were cultured
in RPMI-1640 media supplemented with 10% fetal bovine
serum, 50 U/ml penicillin, and 50 U/ml streptomycin and
maintained in 5% CO, at 37°C.

Cells were divided into 8 groups: Sham, cinobufagin, HBSS,
HBSC, 3-MA, 3-MAC, S and SC. To note, the HBSS, 3-MA
and S groups were used as controls. The preliminary results
showed no significant difference of the cell apoptotic ratio and
LC3-II protein expression between the sham, HBSS,3-MA and
S groups. Therefore, for the simplicity of our results, the groups
(sham, cinobufagin, HBSC, 3-MAC and SC) were used for all
subsequent results of the experiments. i) Sham group: Cells
were cultured in RPMI-1640 media. ii) Cinobufagin group:
Cells were cultured in RPMI-1640 media containing cinobu-
fagin (0, 0.03, 0.06, 0.12 or 0.24 mM) for 24 h (8). iii) HBSS
group: Cells were cultured in HBSS media with Ca?* and Mg?*
and supplemented with 10 mM HEPES (1 ml/well) for 0.5 h to
induce autophagy (15). Following incubation in HBSS media,
cells were washed twice with PBS and cultured in RPMI-1640
media for 24 h. iv) HBSC group: Cells were cultured in HBSS
media as described for the HBSS group, and then cells were
washed with PBS and cultured in RPMI-1640 media containing
cinobufagin (0.24 mM) for 24 h. v) 3-MA group: Cells were
cultured in RPMI-1640 media containing 3-MA (10 mM) (16).
vi) 3-MAC group: Cells were cultured in RPMI-1640 media
containing 3-MA (10 mM) to inhibit autophagy, washed twice
with PBS, and cultured in RPMI-1640 media containing
cinobufagin (0.24 mM) for 24 h. vii) S group: Cells were
transfected with scrambled siRNA and cultured in RPMI-1640
media. viii) SC group (ATG5 siRNA+cinobufagin): Cells were
transfected with ATG5 siRNA, cultured in RPMI-1640 media,
washed twice with PBS, and then cultured in RPMI-1640
media containing cinobufagin (0.24 mM) for 24 h.

MTT assay. SGC-7901 cells were cultured in RPMI-1640
media on 96-well flat bottom microtiter plates at 1x104
cells/well overnight, and treated with various concentrations of
cinobufagin (0-0.5 mM) the following day. The cells were then
incubated with MTT (20 ul) solution (5 g/1) for 4 h at 37°C. An
automatic multi-well spectrophotometer was used to calculate
the absorbance value per well at 570 nm. All MTT assays were
performed three times. The cell viability ratio was calculated
with the following formula: Cell viability (%) = average
absorbance of the treated group/average absorbance of the
sham group x 100%. ICs, values (50% inhibition concentration)
were then calculated using the Statistical Package for the
Social Sciences 17.0 (SPSS, Inc., Chicago, IL, USA).
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RNAextractionandreversetranscriptionquantitativereal-time
PCR. Total RNA was isolated and purified from cells using
TRIzol, and cDNA was synthesized with the PrimeScript RT
Master Mix. Quantitative real-time PCR reactions were carried
out using cDNA (2 ) as a template in a 20 ul reaction. Primers
were synthesized by Invitrogen; Thermo Fisher Scientific,
Inc. (Shanghai, China). The primers utilized for RT-qPCR
reactions were 5-TTCTCAAAATATACTGTTTC-3' (sense)
and 5-TATTATGTATCACAAATGG-3' (antisense) for ATGY5;
5'"TCACCCACACTGTGCCCATCTACGA-3' (sense) and
5'-CAGCGGAACCGCTCATTGCCAATGG-3' (antisense)
for B-actin, and 5'-CCACTCCTCCACCTTTGAC-3' (sense)
and 5'-AGGGGAGATTCAGTGTGGTG-3' (antisense) for
glyceraldehyde-3-phosphate dehydrogenase (GADPH).
For RT-qPCR, the following cycles were used: 95°C for
30 sec, 40 cycles of 95°C for 5 sec, and 60°C for 31 sec. The
dissociation stage used the following cycles: 95°C for 15 sec,
60°C for 1 min, and 95°C for 15 sec.

Small interfering RNA (siRNA) transfection. Small interfering
RNAs (siRNAs) against ATG5 and a nonspecific scrambled
siRNA were purchased from Ambion (Austin, TX, USA). All
siRNAs were synthesized by Qiagen (Chatsworth, CA, USA).
SGC-7901 cells were cultured in 6-well plates. Invitrogen™
Lipofectamine 2000 (Thermo Fisher Scientific, Inc.) was
mixed with RPMI-1640 media lacking 10% heat-inactivated
FBS and containing siRNA1, siRNA2, or scrambled RNA.
Mock controls were transfected with Lipofectamine 2000
alone. Transfections were performed at 37°C in 5% CO,,
after which the medium in each well was replaced by
serum-containing medium for 4-6 h. After 2 h, cells were
treated as indicated.

Western blot analysis. Total protein was extracted using
Cell Lysis Reagents (Pierce) and quantified using the
BCA method (Pierce; Thermo Fisher Scientific, Inc.). For
cytochrome c analysis, cell pellets were suspended in HEPES
buffer containing 250 mM sucrose and homogenized. The
homogenate was then centrifuged at 800 x g and 4°C for
15 min. The supernatant was centrifuged at 10,000 x g for
15 min at 4°C. Mitochondrial pellets and cytosolic fractions
were then collected (17). Proteins were separated on a 10%
SDS-polyacrylamide gel and transferred to a PVDF membrane.
The membrane was blocked and incubated with the primary
antibodies overnight on a shaker in a cold room. Secondary
antibodies (1:4,000) were applied for 1 h before visualization
with an ECL detection kit. The gray value of each protein
was measured by Image-Pro Plus 6.0 (National Institutes of
Health, Bethesda, MD, USA) for statistical analyses.

Immunofluorescence. SGC-7901 cells were fixed on cover-
slips in 4% paraformaldehyde for 20 min. Afterwards, cells
were blocked in 10% BSA for 1 h. Primary antibody (LC3-II
in 10% BSA, 1:3,000; cat. no. ab51520; Abcam) was added
overnight, followed by incubation with secondary antibody
(1:1,000; cat. no. ab6721; Abcam) for 1 h at 37°C. Cells were
then incubated with 4',6-diamidino-2-phenylindole (DAPI).
Ten visual fields were chosen randomly, optical density was
measured, and semi-quantitative analysis was performed with
Image-Pro Plus 6.0.

ONCOLOGY REPORTS 41: 492-500, 2019

Analysis of ROS production. Intracellular ROS levels were
detected by flow cytometry using the dichlorodihydro-
fluorescein diacetate (DCHF-DA) assay. SGC-7901 cells
were washed with D-Hank's solution three times, and then
cells were cultured in RPMI-1640 media lacking FBS and
containing DCHF-DA (100 uM) at 37°C in the dark for 30 min.
Afterwards, cells were washed with RPMI-1640 media lacking
FBS and treated with pancreatic enzymes. DCF fluorescence
was detected at an excitation wavelength of 488 nm and at an
emission wavelength of 525 nm.

Annexin V and propidium iodide (PI) co-staining assay.
Apoptosis was detected using the Annexin V-FITC Kkit.
SGC-7901 cells were washed twice with ice-cold PBS and
then resuspended in 400 ul of binding buffer at a concentration
of 5x105 cells/ml. Next, 5 ul of Annexin V-FITC and 5 pul of PI
were added to the cells. Tubes were gently vortexed and incu-
bated for 15 min in the dark at 4°C. Samples were analyzed with
a FACSCalibur flow cytometer (BD Biosciences, San Jose,
CA, USA) using CellQuest software (BD Biosciences).

Mitochondrial membrane potential assay. Mitochondrial
membrane potential was monitored by JC-1. The JC-1 dyeing
liquid was added to each well (1 ml/well), and SGC-7901
cells were incubated at 37°C for 20 min. Afterwards, cells
were washed twice with dyeing buffer (1X) and cultured
in RPMI-1640 media. Finally, cells were observed by
fluorescence microscopy (AX10; Carl Zeiss, Hamburg,
Germany).

Statistical analysis. Data are expressed as mean + standard
deviation. The significance of the differences between groups
was determined by ANOVA and Dunnet's test. Multiple
comparisons between the groups were performed using the
S-N-K method after ANOVA. SPSS 17.0 software (SPSS, Inc.,
Chicago, IL, USA) was used for all statistical analyses, and
P<0.05 was considered statistically significant.

Results

Cinobufagin inhibits SGC-7901 cell proliferation and
induces caspase-mediated apoptosis. The MTT assay
demonstrated that cinobufagin inhibited the proliferation of
the SGC-7901 cells in a dose- and time-dependent manner
after treatment with 0-0.5 mM cinobufagin for 12, 24 or
48 h (Fig. 1A). At concentrations >0.03 mM, cinobufagin
treatment significantly inhibited cell proliferation. The ICs,
value of cinobufagin treatment at 24 h was 0.24 mM. Thus, a
range of concentrations (0,0.03,0.06,0.12 and 0.24 mM) was
applied, and the concentration of 0.24 mM was used for all
subsequent experiments.

Cinobufagin induces apoptosis in SGC-7901 cells. Cell apop-
tosis was detected by co-staining cells with Annexin V and PI.
We found that the apoptotic ratio of SGC-7901 cells increased
with cinobufagin treatment. The basal apoptotic population
of the sham group was 2.77+£1.04%. After treatment with
cinobufagin at concentrations of 0.03, 0.06, 0.12, or 0.24 mM
for 24 h, the apoptotic rate increased to 5.99+1.52, 8.35+2.55,
12.59+2.25 and 22.91+4.56%, respectively (Fig. 1B and C).
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Figure 1. Cinobufagin induces apoptosis in SGC-7901 cells. (A) SGC-7901 cells were treated with 0-0.5 mM cinobufagin for 12, 24 or 48 h and proliferation
was assessed with the MTT assay. (B and C) Cinobufagin pre-treated SGC-7901 cells were co-stained with Annexin V and PI to evaluate cell apoptosis ratios
("P<0.05 compared with the sham group). Both proliferation and apoptosis rate exhibited dose-dependent responses to cinobufagin treatment.
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Figure 2. Inhibition of autophagy induces SGC-7901 cell apoptosis. (A) RT-qPCR analysis of ATGS gene expression in the SC group compared with the
Mock group ('P<0.05 compared with the Mock group). (B) HBSS-pretreatment increased LC3-II expression in the HBSC group, whereas LC3-I1 expression
was inhibited by 3-MA or ATG5 siRNA in the SGC-7901 cells in the 3-MAC or the SC groups. (C and D) Annexin V and PI co-staining demonstrated that
autophagy induction in the HBSC group decreased the early and late apoptosis rates compared with the sham group, whereas autophagy inhibition in the
3-MAC or the SC groups increased apoptosis rates of SGC-7901 cells ("P<0.05 compared with the sham group; “P<0.05 compared with the HBSC group).
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Figure 3. LC3-II immunofluorescence. (A and B) LC3-II staining was decreased in the 3-MAC and SC groups when observed by immunofluorescence, and
photometric values of the protein were decreased as well. This effect was reversed in the HBSC group (‘P<0.05 compared with the sham group; "P<0.05

compared with the HBSC group).
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Figure 4. Reative oxygen species (ROS) generation is induced by cinobufagin and inhibition of autophagy. (A and B) Intracellular ROS generation was
assessed by DCFH-DA assay and found to be increased in the cinobufagin group. Autophagy inhibition in the 3-MAC or the SC groups further enhanced the
ROS generation compared with the cinobufagin group. However, when autophagy was induced in the HBSC group, ROS levels were downregulated ("P<0.05

compared with the sham group; “P<0.05 compared with the HBSC group).

This suggests a dose-dependent increase in apoptotic ratio in
the SGC-7901 cells in response to cinobufagin treatment.

Autophagy counteracts cinobufagin-induced apoptosis.
To reduce autophagy activity, ATGS5 expression was
knocked down by siRNA in SGC-7901 cells. RT-qPCR
confirmed decreased ATG5 gene expression in the SC group
compared with the sham group (Fig. 2A; P<0.05). The
autophagosome marker LC3-II was then used to monitor
induction of autophagy by western blotting (Fig. 2B) and
immunostaining (Fig. 3). When autophagy was inhibited by
treatment with 3-MA or ATGS5 siRNA, LC3-II expression
was reduced in the 3-MAC and SC groups compared with
the sham group (Figs. 2B and 3; P<0.05). In contrast, western
blotting and immunostaining revealed that SGC-7901 cells
treated with HBSS displayed increased LC3-II protein
levels (Figs.2B and 3; P<0.05). To compare subsequent apoptosis
ratios, SGC-7901 cells were co-stained with Annexin V and PI.

Staining demonstrated that inhibition of autophagy increased
the apoptosis rates (Fig. 2C and D; P<0.05), whereas autophagy
activation in the HBSC group reduced early and late apoptosis
rates compared with the sham group (Fig. 2C and D; P<0.05).

ROS generation is induced by cinobufagin and is further
enhanced by inhibition of autophagy. ROS levels were then
detected by DCFH-DA assay. Intracellular ROS generation was
increased in the cinobufagin group and was further enhanced
by inhibition of autophagy. However, ROS levels were
dowregulated when autophagy was induced (Fig. 4A and B).

Inhibition of autophagy induces Bax and cytochrome c,
but reduces Bcl-2. To further investigate the mechanism
of cinobufagin-induced apoptosis, we detected the levels
of apoptotic proteins by western blotting. As shown in
Fig. 5, downregulation of autophagy increased Bax (Bcl-2
associated X, apoptosis regulator) and cytosolic cytochrome ¢
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Figure 5. Autophagy inhibition induces Bax and cytochrome ¢ expression and reduces Bcl-2. (A and B) After treatment with cinobufagin and downregulation
of autophagy in the 3-MAC and SC groups, the expression of cytosolic cytochrome ¢ was significantly increased and mitochondrial cytochrome ¢ protein
was decreased. However, this increase was abrogated in the HBSC group (‘P<0.05 compared with the sham group; “P<0.05 compared with the HBSC group).
(C and D) Bax was upregulated in the 3-MAC and SC groups compared with the sham and HBSC group, while Bcl-2 was most highly expressed in the HBSC
group ("P<0.05 compared with the sham group; “P<0.05 compared with the HBSC group). (E) The ratio of Bax/Bcl-2 was the highest in the 3-MAC and SC
groups ("P<0.05 compared with the sham group; “P<0.05 compared with the HBSC group).
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Figure 6. Inhibition of autophagy in SGC-7901 cells induces pro-apoptotic protein expression. (A and B) Pro-apoptotic protein levels were assessed by western
blot analysis. Cleaved caspase-3 and cleaved caspase-9 expression was enhanced when autophagy was inhibited in the 3-MAC and SC groups, and this increase
was abrogated in the HBSC group. Caspase-8 protein expression was similar between all groups. PARP was analyzed for protein cleavage from the full-length
form to the cleaved form by western blot analysis. Inhibition of autophagy promoted PARP protein cleavage (P-C9, Pro-caspase-9; C-C9, CL-caspase-9; P-C3,
Pro-caspase-3; C-C3, CL-caspase-3; C8, caspase-8; "P<0.05 compared with the sham group; “P<0.05 compared with the HBSC group).

protein levels compared with the sham group, which group (P<0.05). In the same way, mitochondrial cytochrome ¢
was reversed when autophagy was induced in the HBSC  and Bcl-2 (Bcl-2, apoptosis regulator) were upregulated in
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Figure 7. Mitochondrial membrane potential is disrupted in the 3-MAC and SC groups. (A and B) The potential-dependent dye, JC-1, was used to monitor
mitochondrial membrane potential. Elevated green fluorescence indicates disrupted mitochondrial membrane potential. Red fluorescence was observed more
prominently in the sham and HBSC groups, and green fluorescence was enhanced in the 3-MAC and SC groups (‘P<0.05 compared with the sham group;

"P<0.05 compared with the HBSC group).

the HBSC group compared with the sham, 3-MAC and SC
groups (P<0.05).

Inhibition of autophagy induces pro-apoptotic protein expres-
sion. Elevated cleaved caspase-3 and cleaved caspase-9 levels
were detected when autophagy was inhibited in SGC-7901
cells; however, this increase was abrogated in the HBSC group.
No significant changes in caspase-8 protein expression were
observed between any of the groups. Inhibition of autophagy
in SGC-7901 cells also promoted the cleavage of PARP
[poly(ADP-ribose) polymerase] protein from the full-length
form to the cleaved form (Fig. 6; P<0.05).

Mitochondrial membrane potential is disrupted in the
3-MAC and SC groups. Elevated green fluorescence indicates
increased mitochondrial membrane potential disruption and
mitochondrial depolarization when observed with JC-1. We
found increased red fluorescence in the sham and HBSC
groups but enhanced green fluorescence in the 3-MAC and SC
groups (Fig. 7A and B; P<0.05).

Discussion

In summary, we demonstrated that cinobufagin induced
SGC-7901 cell apoptosis, and inhibition of autophagy
cooperatively enhanced this effect. These processes may
occur partly through ROS generation and activation of the
mitochondrial programmed cell death pathway.

Gastric cancer is one of the leading causes of cancer
mortality in the world, and is also one of the most common

types of tumors diagnosed in China (1,2). Gastric cancer
involves multiple pathways and molecular alterations. As a
result, the mechanism and treatment of gastric cancer have
been the major focus of cancer research. Due to the high recur-
rence rates of gastric cancer, it is necessary to identify novel
and promising therapeutics.

As medical technology advances, an increasing number of
Chinese patent medicines targeting gastric cancer have been
filed. Cinobufagin is extracted from Chan Su and was used in
Chinese medicine to treat tumors for many years. Cinobufagin
has been demonstrated to induce apoptosis in human leukemia,
hepatocellular carcinoma and prostate cancer (7,8). Currently,
cinobufagin is widely used in the treatment of tumor diseases.

Cinobufagin possesses potent anticancer activity by
triggering apoptosis in various types of cancers, including
gastric, breast, and hepatic cancer cells. The mechanism of
cinobufagin-induced apoptosis involves both the FAS- and
mitochondrial-mediated apoptotic pathways (7,18). Additional
research has found that cinobufagin induces cytotoxicity
in gastric cancer cells by apoptosis, and here we report cell
apoptosis of the human gastric cancer cell line SGC-7901
in response to cinobufagin. The basal apoptotic population
of the sham group was 2.77+£1.04%. After treatment with
increasing concentrations of cinobufagin (0.03, 0.06, 0.12 and
0.24 mM) for 24 h, the apoptotic rate increased to 5.99+1.52,
8.35+2.55, 12.59+2.25 and 22.91+4.56%, respectively. Thus,
we confirmed that cinobufagin increases the apoptosis ratio of
gastric cancer cells in a dose-dependent manner.

One study found that inhibition of autophagy by miR-181a
overexpression potentiated the toxicity of cisplatin and
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reversed drug resistance (13). An increasing number of studies
have demonstrated the key role of autophagy in gastric cancer.
Autophagy is a process by which cytoplasmic macromolecules
or organelles are degraded in lysosomes to maintain cellular
homeostasis. Autophagy is an adaptive response to stress and
can promote survival; however, it also appears to promote
cell death and morbidity (11,19,20). Generally speaking,
autophagy is Janus-faced. Some studies have shown that
autophagy leads to autophagic cell death under certain condi-
tions, but others have demonstrated that it keeps cells alive
under stressful ‘life-threatening’ conditions. One such study
reported that autophagy was activated as a protective mecha-
nism against matrine-induced apoptosis. They found that the
inhibition of autophagy enhanced the antitumor potential of
matrine in gastric cancer (20). Similarly, we demonstrated
that cinobufagin and the inhibition of autophagy, alone or in
combination, induced apoptosis in the human gastric cancer
cell line SGC-7901.

Apoptosis is a process of programmed cell death that
occurs in multicellular organisms and is characterized by
blebbing, cell shrinkage, nuclear fragmentation, chromatin
condensation, chromosomal DNA fragmentation, and global
mRNA decay (21). To the best of our knowledge, apoptosis can
be induced by two alternative signaling pathways: The death
receptor pathway and the mitochondrial pathway. The action
of many anticancer drugs is mediated through the mitochon-
drial pathway (18,22-24). Additionally, many reports show
that cinobufagin is effective in the prevention and treatment
of cancer by triggering apoptosis and autophagic cell death via
activation of the ROS/JNK/p38 axis (8). Moreover, mitophagy,
which is the process of mitochondrial degradation by
autophagy, plays a crucial role in cell death and apoptosis (25).
Therefore, we focused on the mitochondrial apoptotic pathway
when investigating the relationship of cinobufagin, autophagy
and apoptosis.

The anti-apoptotic protein Bcl-2 and the pro-apoptotic
protein Bax are crucial initiators of the mitochondrial death
cascade. Therefore, we first compared Bcl-2 and Bax protein
levels in our study. We found decreased expression of Bax
and increased expression of Bcl-2 protein when autophagy
was induced in the HBSC group. In contrast, downregula-
tion of autophagy by 3-MA or ATG5 siRNA prevented this
enhanced expression. The release of cytochrome ¢ from
mitochondria into the cytosol is the pivotal factor in the mito-
chondrial programmed cell death pathway. When autophagy
was inhibited, we found that cytosolic cytochrome c protein was
enhanced and mitochondrial cytochrome c protein was accord-
ingly decreased, confirming our initial findings. Caspase-9 is
activated after cytochrome c is released into the cytosol and
undergoes subsequent incorporation into a complex containing
cytochrome c, apoptotic protease activation factor 1 (APAF1),
and procaspase-9. Caspase-9 can activate downstream
caspases, including caspase-7 and caspase-3, that eventually
lead to apoptosis (26,27). Therefore, we also detected caspase-3
and caspase-9 protein expression. In this study, increased
cleaved caspase-3 and cleaved caspase-9 protein expression
was observed when autophagy was inhibited in the 3-MAC
and SC groups. In contrast, both cleaved caspase-3 and cleaved
caspase-9 protein expression was decreased when autophagy
was induced in the sham and HBSC groups.
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The PARP protein, which plays an important role in
the apoptotic pathway, is cleaved by activated caspase-3.
Therefore, we compared PARP protein levels between the cell
groups in the present study. We found that PARP protein was
increasingly cleaved from the full-length 116 kDa form to the
cleaved 89 kDa form in the 3-MAC and SC groups. This effect
was reversed in the HBSC group. Once the mitochondrial
programmed cell death pathway is activated, the mitochondrial
permeability transition pore opens and membrane potential
decreases (23,24). JC-1 dye is used to monitor mitochondrial
membrane potential and exhibits enhanced green fluores-
cence when membrane potential is disrupted. In this study,
we observed more red fluorescence in the sham and HBSC
groups, but elevated green fluorescence in the 3-MAC and SC
groups. This suggests that mitochondrial membrane potential
is disrupted by autophagy inhibition in combination with
cinobufagin treatment and could indicate increased cell death.

ROS are chemically reactive oxygen-containing mole-
cules, and examples include peroxides, superoxide, hydroxyl
radicals, and singlet oxygen (28). Generation of ROS induced
by chemotherapeutic drugs has been observed to trigger
the mitochondrial apoptosis pathway (29). Consistent with
this observation, we found that cinobufagin induced ROS
production in SGC-7901 cells. Inhibition of autophagy further
enhanced ROS production and was attenuated by the induc-
tion of autophagy. Altogether, these studies suggest that the
inhibition of autophagy enhances cinobufagin-induced apop-
tosis, which may occur, in part, through the mitochondrial
programmed cell death pathway.

In summary, we demonstrated that cinobufagin induces
SGC-7901 cell apoptosis, which is further enhanced by the
inhibition of autophagy. Collectively, this study and previous
reports support a model where cinobufagin treatment and
autophagy inhibition cooperatively induce SGC-7901 cell
apoptosis by enhancing ROS generation and activating the
mitochondrial apoptotic pathway. However, the definite
relationship between autophagy and mitochondrial apoptotic
pathways, and the function of autophagy in the apoptosis path-
ways, requires further study.
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