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Polyphyllin VII induces apoptosis and autophagy
via mediating H,0, levels and the JNK pathway
in human osteosarcoma U20S cells
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Abstract. Polyphyllin VII, a compound extracted from the
rhizomes of Paris polyphylla, has strong antitumor effects on
various human tumor cell lines. However, few studies have
reported the possible effect of Polyphyllin VII on human
osteosarcoma (OS) cell lines. The present study revealed that
Polyphyllin VII promoted OS cell apoptosis and inhibited cell
proliferation via upregulating the expression of LC3II, Atg5,
Atg7 and the Atgl2-Atg5 complex. By contrast, treatment of OS
cells with Polyphyllin VIIdownregulated Atgl2 and p62 expres-
sion. Following treatment with class III PI 3-kinase inhibitor
(3-MA; an autophagy inhibitor), the Polyphyllin VII-mediated
apoptotic effect was reversed. These findings indicated that the
inhibition of autophagy could attenuate U20S cell apoptosis
in cells treated with high concentrations of Polyphyllin VII.
The present study also demonstrated that Polyphyllin VII
upregulated the intracellular hydrogen peroxide (H,O,)
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levels in U20S cells. However, treatment of U20S cells with
N-acetyl-L cysteine (NAC) effectively reversed this effect.
The western blot analysis results indicated that the c-Jun
N-terminal kinase (JNK) signaling pathway was closely asso-
ciated with Polyphyllin VII-induced apoptosis and autophagy.
In conclusion, the results of the present study demonstrated
that Polyphyllin VII could effectively inhibit cell viability and
promote autophagy and apoptosis in U20S cells. In addition,
the mechanism underlying these effects could be associated
with the intracellular H,O, levels and the JNK signaling
pathway.

Introduction

Osteosarcoma (OS), a malignant tumor with high recurrence
rate, accounts for approximately 60% of all bone cancers (1,2).
Recent advances in the use of chemotherapy and surgical
procedures have resulted in an improved overall 5-year survival
rate of OS patients, which is estimated at 65-75%. However,
the progress has not been sufficient to improve the cure rate of
patients. Therefore, it is urgently required to develop treatment
protocols and drugs for OS, equivalent to or better than the
available ones.

Apoptosis, a gene regulated process, is characterized
by a series of changes in cells, including blebbing of cell
membranes, cell shrinkage, DNA fragmentation, nuclear
degradation and the formation of apoptotic bodies (3). As an
ancient biological phenomenon, autophagy forms the basis
of the evolution of organisms and widely occurs in micro-
organisms and plants. Autophagy play an important role in
eliminating harmful cells in mammals such as tumor cells (4).
Li et al reported that tumor autophagy and apoptosis could be
induced in response to several chemotherapeutic agents (5).
The potential molecular mechanisms underlying autophagy
and apoptosis are quite complex. However, whether autophagy
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serves as a mechanism for preventing apoptosis or activating
programmed non-apoptotic cell death remains uncertain. It
has been reported that several drugs may kill tumor cells via
the non-apoptotic pathways, thus these drugs are considered
as promising agents for treating chemoresistant tumors in
order to avoid chemoresistance (6). It has been well docu-
mented that cancerous cells with defects in apoptosis utilize
autophagy, therefore, the inhibition of autophagy may promote
the cell death through alternative pathways (7). Furthermore,
autophagy may atenuate tumor development and progression,
and improve the efficacy of cancer therapy (8).

Several underlying mechanisms have been implicated
the regulation of programmed cell death. Studies have
revealed that the redox status of the tumor is associated
with programmed cell death (9,10). Intracellular hydrogen
peroxide (H,0,), which is produced at the mitochondrial
respiratory chain, is considered as the most important reac-
tive oxygen species (ROS) involved in the regulation of
the redox status of tumor cells (9). Different levels of H,O,
have been implicated in the development or death of tumor
cells. Trachootham et al demonstrated that low H,0O, levels
promoted the progression and development of tumor cells,
however, high H,O, levels exhibited antitumor properties
by inducing cell apoptosis (11). In addition, H,O, acts as an
intracellular signal for the induction of the mitogen-activated
protein kinase (MAPK) pathway [p38, extracellular-regulated
kinase (ERK) and c-Jun N-terminal kinase (JNK)], which
in turn promotes tumor cell apoptosis (12). A previous study
has suggested that the H,0,-mediated activation of the p38
signaling pathway is involved in the regulation of Atg7 expres-
sion and the fusion of autophagosomes with lysosomes (13).
Emerging evidence has revealed a close relationship between
upregulated phosphorylated (p)-JNK expression and high
intracellular H,0, levels (10,14). Consistent with the previous
study, it has been considered that the H,O,-mediated activa-
tion of the JNK signaling pathway may be a novel mechanism
of autophagy (15,16). In summary, intracellular H,O, levels
mediate the progression of apoptosis and autophagy via acti-
vating the MAPK pathway.

Polyphyllin VII, a compound extracted from
Paris polyphylla, is a steroidal saponin, which is considered
as a promising antitumor drug (17,18). It has been well docu-
mented that the anticancer activities of Polyphyllin VII are
mediated by inhibiting cell proliferation, cell cycle arrest, and
preventing chemoresistance in several tumor cell lines (17-20).
However, the potential mechanisms underlying its anticancer
activity remain largely unknown. The aim of the present study
was to investigate the effects of Polyphyllin VII on OS and to
identify its potential mechanism underlying the induction of
apoptosis and autophagy in U20S cells.

Materials and methods

Reagents and antibodies. Polyphyllin VII (purity, 99%; Fig. 1A)
was obtained from Beijing Solarbio Science and Technology
Co., Ltd. All cell culture-related reagents were purchased
from Invitrogen (Thermo Fisher Scientific, Inc.). Propidium
iodide (PI), DAPI dye and 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT) assay were obtained
from Sigma-Aldrich (Merck KGaA). In addition, N-acetyl-L

cysteine (NAC) was purchased from Sigma-Aldrich (Shanghai)
Trading Co., Ltd. The specific antibodies against Bcl-2, Bax,
LC3-I/11, ERK, p-JNK, JNK, p62, p-ERK, cleaved caspase-3
and -9, cleaved poly (ADP-ribose) polymerase (PARP),
p-p38, p38 and GAPDH were purchased from Cell Signaling
Technology, Inc. Finally, the class III PI 3-kinase inhibitor
(3-MA) was obtained from Tocris Bioscience.

Cell culture. All in vitro experiments were performed on
U20S human OS cells. Cells were cultured in Dulbecco's
modified Eagle's medium (DMEM) supplemented with 10%
fetal bovine serum (FBS) at 37°C in a humidified atmosphere
with 5% CO,. Cells were tested for mycoplasma contamina-
tion using immunofluorescence and DAPI staining according
to the manufacturer's guidelines.

Cell viability assay. The U20S cell viability was deter-
mined using an MTT assay. Briefly, cells were cultured at
a density of 6x10° cells/well in 96-well plates. Following
incubation overnight at 37°C, U20S cells were treated with
varying concentrations of Polyphyllin VII (0, 1.25, 2.5, 5.0
and 10.0 M) for 24-48 h. Subsequently, MTT solution
(20 pl/well) was added to each well and U20S cells were
incubated for an additional 2 h at 37°C. Finally, the optical
density (OD) of each well was evaluated by measuring the
spectrophotometric absorbance at 490 nm using an ELX800
Absorbance Microplate Reader (BioTek Instruments, Inc.).
Cytotoxicity was observed with 10 xM Polyphyllin VII, and
thus, this concentration was not used in subsequent experi-
ments.

Detection of apoptosis by Annexin V-APC/7-AAD and DAPI
staining assays. U20S cells were seeded into 6-well plates
at a density of 1x10° cells/ml for 24 h. Subsequently, cells
in the treatment group were treated with various concentra-
tions of Polyphyllin VII (1, 2.5 and 5.0 uM), whereas those
in the vehicle group were treated with DMSO (1:10,000 v/v).
Following treatment with Polyphyllin VII for 24 h, cells
were then double-stained with an Annexin V-APC/7-AAD
apoptosis detection kit or with DMSO, according to the
manufacturer's instructions. Cells were then harvested,
washed twice with pre-cooled PBS, supplemented with 5 ul
of Annexin V-APC and 5 pul of 7-AAD and incubated at room
temperature in a dark room for 15 min. The early apoptotic
(stained with Annexin V-APC only) and late apoptotic
(double-stained with Annexin V-APC and 7-AAD) cells were
assessed using flow cytometry (Accuri C6; BD Biosciences)
and the results were further analyzed with FCS Express
version 3 software (DeNovo Software). For the DAPI staining,
U20S cells were treated with various concentrations of
Polyphyllin VII (0, 1.25, 2.5, 5.0 uM) for 24 h, washed three
times with PBS and then fixed with 100% ice-cold methyl
alcohol for an additional 10 min at room temperature. Cells
were then washed again thrice with PBS and stained with
10 ug/ml DAPI for 30 min at room temperature (21,22).
Finally, the cells were observed at a magnification of x100
under a fluorescence microscope.

H,0,measurement.To investigate the effects of Polyphyllin VII
on the intracellular levels of H,0,, U20S cells were treated
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Figure 1. Effect of Polyphyllin VII on cell proliferation in U20S cells. (A) Molecular structure and molecular weight of Polyphyllin VII. (B and C) The U20S cells
were treated with various concentrations of Polyphyllin VII (0, 1.25,2.5, 5 and 10 M), and the cell viability detected by the MTT assay at the indicated time-points
(24 and 48 h). Data are expressed as mean + SD from three independent experiments. “P<0.01 and *“P<0.001 compared to the control. MTT, 3-(4, 5-dimethylthi-

azol-2-yl)-2, 5-diphenyltetrazolium bromide; PVII, Polyphyllin VII.

with varying concentrations of Polyphyllin VII (0, 1.25, 2.5
and 5.0 uM) for 24 h. Subsequently, cells were supplemented
with 3 yM oxidation-sensitive fluorescent probe 2',7'-dichloro-
dihydrofluorescein diacetate (DCFH-DA) (Beyotime Institute
of Biotechnology) and incubated at 37°C for 20 min in the
dark. Finally, the relative intracellular H,O, levels in U20S
cells were quantitatively determined using flow cytometry
(Accuri C6) and the results were further analyzed with FCS
Express version 3 software.

Detection of acidic vesicular organelles (AVOs). To quanti-
tatively detect the effect of Polyphyllin VII on lysosomes,
U20S cells were cultured in 6-well plates at a density of
1.5x10° cells/well. Following incubation for 12 h, cells were
then treated with various concentrations of Polyphyllin VII
(0, 1.25, 2.5 and 5 uM) and incubated for an additional 24 h
37°C. Subsequently, the cells were stained with 1 pg/ml of
acridine orange solution (Amresco, LLC) at 37°C for 30 min
and washed with PBS. Finally, the lysosomal activity in U20S
cells was measured by flow cytometry (Accuri C6) and the
results were further analyzed with FCS Express version 3
software.

Mitochondrial membrane potential (Aym) measure-
ment. Apm was determined using the Mitochondrial
membrane potential assay kit and JC-1 (Beyotime Institute
of Biotechnology). Briefly, a total of 1x10° cells were treated
for 24 h with various concentrations of Polyphyllin VII (0,

1.25, 2.5 and 5 uM). Following washing with PBS, cells were
cultured in the presence of the JC-1 staining working solution
(1:1,000) at 37°C for 20 min. U20S cells were then treated
with JC-1 staining buffer (1X), centrifuged thrice at 600 x g
(4°C) for 5 min and Aym was determined using flow cytom-
etry (Accuri C6) and the results were further analyzed with
FCS Express version 3 software.

Western blot analysis. For the western blot analysis,
U20S cells were treated with various concentrations of
Polyphyllin VII and then lysed with RIPA buffer (Solarbio
Science & Technology Co., Ltd.) supplemented with protease
and phosphatase inhibitors (150 ul/well) for 25 min. Protein
concentration was determined using the BCA method.
Subsequently, a total of 12 ul of protein extracts (100 ug)
from each concentration group were separated by 8-15%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and proteins were then electrotransferred onto nitrocellulose
membranes (Bio-Rad Laboratories, Inc.). Following blocking
with 5% non-fat milk in Tris-buffered saline (TBS) buffer at
4°C for 8 h, membranes were then incubated with primary
antibodies all diluted 1:1,000 against p62 (product no. 5114),
LC3I/II (product no. 4108), Atg3 (product no. 3415),
Atg5 (product no. 2630), Atg7 (product no. 2631), Atgl2
(product no. 2010), Bax (product no. 2774), Bcl-2 (product
no. 2875), PARP (product no. 9542), cleaved caspase-3 (product
no. 9661) and cleaved caspase-9 (product no. 9505), p-JINK
(product no. 9251), INK (product no. 9252), p-ERK (product
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no. 9101), ERK (product no. 9102), p-p38 (product no. 9211),
p38 (product no. 9212) and GAPDH (product no. 2118) for
24 h at 4°C. Following 24 h, the membranes were incubated
with corresponding secondary antibody goat anti-rabbit IgG
(HRP) (1:10,000; product code ab205718; Abcam) at 37°C
for 1.5 h. Finally, the Enhanced chemiluminescence (ECL)
system (Thermo Fisher Scientific, Inc.) was applied to detect
the fluorescence intensity of the formed immuno-complexes.
The blots were visualized using Odyssey Sa Infrared Imaging
System (LI-COR Biosciences) and analyzed using Imagel
version 1.51 (National Institutes of Health).

Statistical analysis. All data were expressed as the mean +
standard deviation (SD) and all experiments were indepen-
dently carried out in triplicate. Differences between groups
were compared using unpaired Student's t-test, one-way
ANOVA and Fisher's exact test. Multiple comparisons
between the groups were performed using the S-N-K method.
All statistical analyses were performed using the SPSS 21.0
statistical software (IBM Corp.) P<0.05 was considered to
indicate a statistically significant difference.

Results

Polyphyllin VII inhibits human U20S cell viability. To
investigate the potential effect of Polyphyllin VII on U20S
cell viability, an MTT assay was performed. The results
demonstrated that the ICy, values of Polyphyllin VII in
U20S cells at 24 and 48 h were 3.48 and 2.58 uM, respec-
tively (Fig. 1B and C). A previous study has revealed that
Polyphyllin VII exhibited cytotoxic effects on control cells
following treatment for 48 h (19). However, the results of the
present study demonstrated that Polyphyllin VII had less
cytotoxic effects on U20S cells at 24 h compared with 48 h
following treatment. This finding indicated that treatment with
Polyphyllin VII for 24 h could be considered beneficial for
cancer studies. The optimal concentrations of Polyphyllin VII
were 1.25, 2.5 and 5 M and the optimal treatment-time was
set to 24 h (19,20).

Polyphyllin VII induces apoptosis in U20S cells. To inves-
tigate whether Polyphyllin VII induced apoptotic cell death,
the changes in the number of apoptotic cells and expression
of apoptosis-related proteins were recorded. The results
of the Annexin V-APC/7-AAD staining indicated that
Polyphyllin VII effectively induced U20S cell apoptosis
in a dose-dependent manner (Fig. 2A). This finding was
confirmed following DAPI staining. Therefore, the number
of apoptotic U20S cells was increased after cell treatment
with Polyphyllin VII (Fig. 2B). Apoptosis is characterized
by the activation of executioner caspases and induction of the
caspase-dependent cell death (23,24). Therefore, the changes
in the expression levels of the apoptosis-related proteins were
used to determine their involvement in the apoptotic process.
The western blot results revealed that Polyphyllin VII upregu-
lated the expression levels of the apoptotic-promoting proteins
(Bax, PARP, cleaved caspase-3 and cleaved caspase-9) and
downregulated those of the anti-apoptotic protein Bcl-2
(Fig. 2C-F). The aforementioned results suggested that
Polyphyllin VII could effectively induce U20S cell apoptosis.

183

Polyphyllin VII induces autophagy in U20S cells. Since
autophagy is considered as an alternative cell death mecha-
nism, the possible effects of Polyphyllin VII on autophagy
were further investigated. AVO formation is a characteristic
feature of autophagy (25,26). Therefore, to determine the
possible effects on Polyphyllin VII on AVO formation,
U20S cells were treated with or without Polyphyllin VII
and stained with acridine orange. The results demonstrated
that Polyphyllin VII increased the number of AVOs in a
dose-dependent manner (Fig. 3A and B). It is widely accepted
that LC3, an important regulator of autophagy, promotes
the formation of autophagosomes and activation of the
Atg5-Atgl2 complex, which in turn promotes the conjugation
of LC3I. LC3I is further transformed to form LC3II, which
interacts with the membranes of the autophagosome (27,28).
Herein, Polyphyllin VII upregulated the expression of LC3II,
Atg5, Atg7 and the Atgl2-Atg5 complex (Fig. 3C-F). However,
the expression levels of Atgl2 and p62 were decreased. These
results indicated that Polyphyllin VII could induce autophagy.

Autophagy inhibitor 3-MA rescues Polyphyllin VII-induced
apoptosis in U20S cells. To reveal the association between
apoptosis and autophagy, U20S cells were pre-treated with
3-MA, an autophagy inhibitor, for 2 h. Subsequently, the
cells were treated with or without Polyphyllin VII for an
additional 24 h. The results demonstrated that Polyphyllin VII
(5 uM) increased the expression levels of the apoptotic
proteins caspase-3 and caspase-9 (Fig. 4). However, following
pre-treatment with 3-MA, the apoptosis rate was attenu-
ated, thus suggesting that inhibition of autophagy decreased
apoptosis in U20S cells treated with high concentrations of
Polyphyllin VII.

Polyphyllin VII promotes autophagy and apoptosis via
intracellular levels of H,0, and the MAPK signaling pathway.
The stability of AWm is important for cell survival (9). When
AWm is decreased, the production of H,0, is increased (9).
Therefore, in the present study, Polyphyllin VII significantly
decreased the AWm in U20S cells (Fig. SA and B). Emerging
evidence has suggested that certain chemotherapeutic
drugs may induce tumor cell apoptosis via promoting H,O,
production (25). In addition, H,0, is tightly associated with
starvation-induced autophagy (29). Therefore, the possible
molecular mechanism underlying Polyphyllin VII-mediated
apoptosis and autophagy was explored. In U20S cells treated
with Polyphyllin VII, the levels of intracellular H,O, were
significantly increased (Fig. 5C and D). However, pre-treat-
ment of cells with ROS scavenger NAC (10 mM) entirely
reversed this effect (Fig. 5E and F). These findings indicated
that Polyphyllin VII increased the levels of intracellular
H,0, in U20S cells and this effect was reversed following
pre-treatment with NAC.

Previous studies have revealed that apoptosis and
autophagy occur in different tumor cells via the activation
of the JNK, ERK and p38 pathways (27,30). In the present
study, the effect of Polyphyllin VII on the activation of the
MAPK signaling pathways was determined in U20S cells.
Therefore, the phosphorylation levels of JNK, ERK and p38
were assessed using western blot analysis. The results revealed
that Polyphyllin VII attenuated ERK phosphorylation and
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Figure 2. Polyphyllin VII induces apoptosis in U20S cells. (A) Flow cytometric assay revealing the proportion of apoptotic U20S cells following treatment
with Polyphyllin VII (0, 1.25, 2.5 and 5 uM). (B) DAPI staining of the U20S cells following treatment with various concentrations of Polyphyllin VII
(0, 1.25,2.5 and 5 uM) for 24 h. As indicated by the arrows, fragmented or condensed nuclei could be observed at a magnification of x100 with a fluorescence
microscope. (C-F) The western blot analysis revealing the expression levels of cleaved caspase-3, caspase-9, Bax, Bcl-2 and PARP following the treatment of
the U20S cells with various concentrations of Polyphyllin VII (0, 1.25, 2.5 and 5 uM) for 24 h. Data are expressed as the mean + SD from three independent
experiments. "P<0.05, “P<0.01 and ““P<0.001 compared to the control. DAPI, 4',6-diamidino-2-phenylindole; PARP, poly (ADP-ribose) polymerase.

upregulated p-JNK and p-p38 expression in a dose-dependent
manner (Fig. 5G and H). Therefore, Polyphyllin VII induced
autophagy and apoptosis in U20S cells via activating the JNK,
p38 and ERK MAPK signaling pathways.

Discussion
Polyphyllin VII exhibits anti-proliferative effects against

various human tumor cell lines (26,31,32). The present study
demonstrated for the first time, to the best of our knowledge, that

Polyphyllin VII induced U20S cell apoptosis and autophagy.
The results revealed that Polyphyllin VII attenuated cell
growth in a dose-dependent manner following treatment of
U20S cells with low ICs, values of Polyphyllin VII. In addition,
Polyphyllin VII upregulated the expression of the apop-
tosis-related proteins (Bax, Bcl-2, PARP, cleaved caspase-3
and cleaved caspase-9) and autophagy-related proteins (p62,
LC3I/11, Atg3, Atg5, Atg7 and Atgl12) in U20S cells. The afore-
mentioned findings indicated that Polyphyllin VII exhibited a
powerful antitumor effect. As revealed in Fig. 6, the possible
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western blotting. Data are expressed as mean + SD from three independent experiments. “P<0.05 and "P<0.01 compared to the control. AO, acridine orange;

SD, standard deviation; PVII, Polyphyllin VII.

mechanism underlying the effects of Polyphyllin VII could
be associated with the H,O, levels and the MAPK pathways.
Polyphyllin VII -induced cell death was associated with both
apoptosis and autophagy. As indicated in Fig. 6, in the apop-
tosis pathway, decreased levels of Bcl-2 and increased levels
of Bax can lead to mitochondrial membrane permeabilization.
In addition, the upregulated expression levels of the apoptotic
proteins caspase-3 and caspase-9 result in the occurrence
of apoptosis. The autophagic pathway is triggered by the

enhanced conversion of LC3B-I to LC3B-II, accumulation of
Atgs and incorporation of the Atgl2-Atg5 protein complex.
Furthermore, autophagosome formation is dependent on
the covalent attachment of a series of Atg proteins during
protein ubiquitination. Finally, autophagolysosome formation
combines the autophagosome with the upregulated expression
of LC3B-II. The increased expression of Bax and decreased
expression of Bcl-2 indicated that apoptosis is promoted to
lead to cell death when suppression of autophagy is decreased.
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Figure 4. Apoptosis induced by Polyphyllin VII can be rescued with autophagy inhibitor 3-MA in U20S cells. (A and B) Expression levels of cleaved caspase-3
and cleaved caspase-9 as determined via western blotting in cells treated with 5 uM Polyphyllin VII alone or in combination with 1 mM 3-MA. Data are
expressed as mean + SD from three independent experiments. “"P<0.01 compared to the control. “P<0.01 and "#P<0.001compared to Polyphyllin VII alone.

3-MA, 3-methyladenine; PVII, Polyphyllin VII.

Conversely, when apoptosis is blocked, the upregulated expres-
sion of LC3B-II and Atg5-Atgl?2 indicated that cell death is
caused by the autophagic pathway.

Several natural substances exhibit strong antitumor activi-
ties via activating both apoptosis and autophagy (33-36), thus
indicating a strong association between these processes.
Although the antitumor effects of Polyphyllin VII have
been well documented, its possible effects in the induction
of autophagy and apoptosis, and its underlying mechanisms
of action in U20S cells have not yet been fully elucidated.
In the present study, the Annexin V-APC/7-AAD staining
indicated that Polyphyllin VII increased the ratio of apoptotic
cells in a dose-dependent manner. It has been demonstrated
that Polyphyllin VII upregulates Bax, cleaved caspase-3 and
cleaved caspase-9 expression levels in HeLa cells (17). In
addition, a previous study has revealed that Polyphyllin VII
regulates the protein expression levels of Bax, Bcl-2 and
Bcl-xL, and enhances those of caspase-3, -8, and -9 in NPC-039
and HONE-1 cells (20). Zhang ez al also demonstrated that
Polyphyllin VII downregulated Bcl-2 expression in HepG2
cells (31). Consistent with the aforementioned studies, the
results of the present study demonstrated that Polyphyllin VII
induced apoptosis via triggering caspase-3 and caspase-9
expression, and altering Bax, Bcl-2 and PARP expression
levels. The present results revealed that cleaved caspase-3
and -9 were increased with the increase of Polyphyllin VII
concentration, however the effects were decreased at 5.0 uM.
It was revealed that the U20S cell viability was significantly
inhibited at 5.0 pM. In addition, the protein expression levels
of caspase-3 and -9 for each group were statistically significant
when compared with the control group. Therefore, it was theo-
rized that the reason for this phenomenon may be that there was
no strict concentration dependence for cleaved caspase-3 and
-9. Following treatment of U20S cells with Polyphyllin VII,
Bcl-2 was gradually downregulated as the expression of Bax
was increased. The mitochondrial membrane permeability
may be increased through Bax activation. Therefore, the
results revealed that Polyphyllin VII triggered the apoptotic
cascade through the mitochondrial pathway. The findings of
the present study were consistent with previous studies (17,19)
that suggested that Polyphyllin VII disrupted the integrity of
the mitochondrial membrane in U20S cells. PARP, a nuclear

DNA-binding protein, serves a key role in DNA repair.
Cleavage of PARP by caspase-3, a sign of apoptosis, is inhib-
ited (37). Herein, the Polyphyllin VII-mediated apoptosis was
determined in U20S cells via investigating the PARP cleavage
status. The results were consistent with those obtained using
flow cytometric analysis, where treatment of U20S cells with
Polyphyllin VII increased the cell apoptosis rate. In addi-
tion, cell apoptosis was induced in a dose-dependent manner
following treatment of U20S cells with Polyphyllin VII
for 24 h.

Autophagy is an intracellular degradation mechanism that
improves survival under nutrient starvation or induces type II
programmed cell death under certain conditions (19,20).
During autophagy, a part of the cytoplasm is engulfed by a
crescent-shaped phagophore that elongates to form an autopha-
gosome, which in turn fuses with a lysosome, thus leading
to the decomposition of cellular content by the lysosomal
hydrolases (7,8). In the present study, following treatment with
Polyphyllin VII, the formation of AVOs, a characteristic feature
of autophagy, was increased in a concentration-dependent
manner. The ability of Polyphyllin VII to induce autophagy
was demonstrated by the transformation of LC3B-I to
LC3B-II and the upregulation of Atg3, Atg5, Atg7 and the
Atgl2-Atg5S complex. However, Polyphyllin VII attenuated the
expression levels of Atgl2 and p62. These findings indicated
that Polyphyllin VII effectively promoted autophagy in U20S
cells. However, these apoptosis-related changes were observed
following pre-treatment of U20S cells with the 3-MA
autophagy inhibitor. The results revealed that the expression of
the apoptotic proteins caspase-3 and caspase-9 was reduced in
the presence of 3-MA compared with that noted in the groups
treated with Polyphyllin VII alone. Therefore, the inhibition
of Polyphyllin VII induced autophagy in U20S cells, whereas
this effect could be reversed by inhibiting apoptosis.

The equilibrium between the formation and degradation
rates of H,0, maintains cellular redox status (9). During
the induction of apoptosis, H,0, generation is accompanied
by the reduction of AWm and the uncoupling of the electron
transport chain in mitochondria (9). Previous studies have
reported that the induction of autophagy is characterized by
the accumulation of intracellular H,O,, which in the presence
of reversibly oxidizing essential signaling components may
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Figure 5. Polyphyllin VII induces autophagy and apoptosis via intracellular H,0, and activated JNK and p38 MAPK pathways. (A and B) After the U20S
cells were treated with the indicated concentrations of Polyphyllin VII (0, 1.25,2.5 and 5 uM), the mitochondrial membrane potentials were measured via flow
cytometry. (C and D) The relative H,0, levels in the U20S cells treated with various concentrations of Polyphyllin VII (0, 1.25,2.5 and 5 uM). (E and F) Flow
cytometric analysis of the relative H,0, levels in U20S cells incubated with 2.5 M Polyphyllin VII alone or in combination with 10 mM NAC. (G and H) The
western blot analysis revealing the levels of p-JNK, p-ERK, and p-p38 following the treatment of U20S cells with varying concentrations of Polyphyllin VII (0,
1.25,2.5 and 5 uM) for 24 h. Data are expressed as mean + SD from three independent experiments. "P<0.05, “P<0.01 and ““P<0.001 compared to the control.
#P<0.01 compared to Polyphyllin VII alone. MAPK, mitogen-activated protein kinase pathway; JNK, c-Jun N-terminal kinase; NAC, N-acetyl-L cysteine;

ERK, extracellular-regulated kinase; p-, phosphorylated; PVII, Polyphyllin VII.

act as a signaling molecule in the autophagic pathway (38,39).
H,0, has been revealed to be associated with the antitumor
effects of several chemotherapeutic agents, when the anti-
oxidant defenses of tumor cells become weaker compared
with normal ones (40). A previous study has provided further
evidence about the involvement of intracellular H,O, accumu-
lation in cellular autophagy, which may be induced in response
to several factors, including chemotherapeutic agents, starva-
tion and mitochondrial injury (41). Herein, Polyphyllin VII
reduced AWm in a dose-dependent manner. Furthermore, the

increased production of H,0, in the Polyphyllin VII-treated
U20S cells was effectively inhibited following treatment with
NAC (H,0, scavenger). Therefore, these findings suggested
that Polyphyllin VII increased the intracellular H,0, levels
via attenuating AWm. Overall, the aforementioned results
indicated that the promotion of autophagy and apoptosis
could be mediated by H,O, overproduction via the effects of
Polyphyllin VII on U20S cells.

It is generally acknowledged that H,O, plays an important
role in autophagy and apoptosis via regulating the MAPK
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family members (42,43). The MAPK pathway is closely associ-
ated with autophagy and apoptosis (20). In the present study,
Polyphyllin VII treatment significantly induced the expression
of p-JNK in U20S cells, thus suggesting that Polyphyllin VII
only affected the JNK signaling pathway. The expression
levels of p-p38 and p-ERK were not strongly affected by
Polyphyllin VII. JNK plays a key role in inducing autophagy
and apoptosis in response to various stress signals (44). The
JNK signaling pathway affected the AWm to inhibit mito-
chondrial dysfunction via altering the protein expression levels
of Bax and Bcl-2, thus resulting in apoptotic response. The
increased JNK signaling was also associated with the induction
of autophagy via upregulating LC3 expression. A previous study
has revealed that the activation of the JNK signaling pathway
promotes apoptosis and autophagy in human non-small cell
lung cancer NCI-H460 cells. This effect was accompanied by
increased H,0, levels (14). Therefore, we hypothesized that
Polyphyllin VII induced apoptosis and autophagy via mediating
the activation of the JNK pathway and overproduction of H,O,.

However, the present study has certain limitations. Firstly,
this study demonstrated that Polyphyllin VII increased the
p-JNK expression and H,O, levels in a dose-dependent manner.
However, whether the H,0O, scavenger, NAC, downregulates
p-JNK expression requires further investigation. Secondly,
3-MA downregulated caspase-3 and caspase-9, however, the
association between autophagy and the apoptosis-related MAPK
pathway requires further elucidation. Thirdly, only one cell line
was used for the confirmation of the effect of Polyphyllin VII
on apoptosis and autophagy. Fourthly, in the present study only
in vitro experiments were performed. Therefore, the inhibitory
effects of Polyphyllin VII should be explored on an OS xeno-
graft in vivo model. The aforementioned limitations will be the
focus of our upcoming studies on the effects of Polyphyllin VII
in OS. In addition, mitochondrial marker immunofluorescence
assays for autophagy should also be included in future studies.

In conclusion, the present study demonstrated that
Polyphyllin VII attenuated cell viability, and induced apoptosis
and autophagy in U20S cells. The mechanisms underlying
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the effects of Polyphyllin VII may be associated with the
regulation of the H,0, levels and the INK/MAPK pathway. In
addition, the results indicated that Polyphyllin VII could be a
promising candidate compound for cancer therapy. Therefore,
Polyphyllin VII could be considered as an attractive and
effective treatment approach for OS.
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