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Background: Dose-related toxicity is the major restriction of cisplatin and cisplatin-combination chemotherapy, and is a chal-
lenge for advanced gastric cancer treatment. We explored the possibility of using Paris saponin | as an agent
to sensitize gastric cancer cells to cisplatin, and examined the underlying mechanism.

Material/Methods: Growth inhibition was detected by MTT assay. The cell cycle and apoptosis were detected using flow cytome-
try and Annexin V/PI staining. The P21%af/dpl Bcl-2, Bax, and caspase-3 protein expression were detected us-
ing Western blot analysis.

Results: The results revealed that PSI sensitized gastric cancer cells to cisplatin, with low toxicity. The IC50 value of cis-
platin in SGC-7901 cell lines was decreased when combined with PSI. PSI promoted cisplatin-induced G2/M
phase arrest and apoptosis in a cisplatin concentration-dependent manner. Bcl-2 protein expression decreased,
but Bax, caspase-3, and P21%1/cp1 protein expression increased with PSI treatment.

Conclusions: The underlying mechanism of Paris saponin | may be related to targeting the apoptosis pathway and cell cycle
blocking, which suggests that PSI is a potential therapeutic sensitizer for cisplatin in treating gastric cancer.
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Background

Gastric cancer (GC) has a high mortality worldwide. Most pa-
tients have advanced disease when they are diagnosed, and
most experience relapse and metastasis after treatment. The
prognosis of advanced gastric cancer is very poor; therefore,
systemic multidisciplinary treatment of gastric cancer is par-
ticularly important, and chemotherapy plays a critical role
in advanced gastric cancer treatment. Cisplatin (CDDP) is a
first-line chemotherapeutic agent for gastric cancer [1]. Some
CDDP-based combination chemotherapies have been used to
improve the treatment outcomes. However, the response rate
of CDDP treatment against advanced gastric cancer and the
survival of patients remain unsatisfactory. Also, chemothera-
py is often limited by dose-related toxicity, which restricts ad-
vanced gastric cancer treatment. Thus, developing more effec-
tive and less toxic therapeutic regimens for new therapeutic
agents is urgently required for sensitizing gastric cancer cells
to chemotherapy to improve the prognosis. Natural products
such as steroidal saponins represent a source of novel anti-
cancer alternatives.

Steroidal saponins have significant bioactivities, including their
antitumor, hemostatic, immunotropic, and analgesic proper-
ties. Paris saponins are the most important potential agents
that can be developed for new antitumor medicines [2-13].
Among them, Paris saponin | (PSI) has been extensively stud-
ied. The major advantages of PSI as an anticancer agent are
related to its ability to inhibit tumor growth in various cancer
types [14-19] associated with a low level of toxicity. Recent
studies have demonstrated that PSI possesses pharmacolog-
ical activities concerning the cytotoxic activity against many
cancers with mechanism of increasing levels of Bax, cyto-
chrome ¢, activating caspases, and by decreasing both Bcl-2
expression and specific kinase-1/2 activity [14-19]. PSI may
be a potential anticancer drug by inhibiting proliferation and a
good radiosensitizer of gefitinib resistant NSCLC cells [20,21].

However, the relationship between PSI and the sensitivity of
gastric cancer cells to cisplatin has not been reported. This
study was conducted to explore the possibility of using PSI
as an agent to sensitize cancer cells to cisplatin, with an at-
tempt to provide new methods and insights for the manage-
ment of gastric cancer.

Material and Methods

Drugs and reagents

Paris saponin | (PS 1) (C,,H,,0,) was obtained from the

ZheJiang Institute for Food and Drug Control (batch no. 111590,
Hangzhou, China). The purity was greater than 99%, and it was

LAB/IN VITRO RESEARCH

dissolved in dimethyl sulfoxide (DMSO) and stored at —20°C.
Cisplatin was obtained from Sigma-Aldrich (St. Louis, MO). The
drugs were diluted in RPMI-1640 to achieve the final concen-
tration used for following experiment with the final DMSO
concentration less than 0.25% (v/v). The RPMI-1640 medium
and fetal calf serum were obtained from Hyclone Co. (Logan,
UT). The Cycle TEST™ PLUS DNA Reagent Kit and FITC Annexin
V Apoptosis Detection kit were obtained from BD Biosciences
(NJ, USA). Rabbit anti-rat B cell lymphoma 2 (Bcl-2; #3498),
Bcl-2-associated X protein (Bax; #5023), caspase-3 (#9665),
and p21/Waf1/Cip1 (#2947) monoclonal primary antibodies
at 1: 1000 dilution (Cell Signaling Technology, Danvers, MA);
anti-GAPDH (Santa Cruz Biotechnology, Inc., Dallas, TX).

Cell culture

The human gastric cancer cell line SGC-7901 was obtained from
the ATCC Company (Manassas, VA, USA). Cells were grown in
RPMI-1640 culture medium with 10% fetal bovine serum, 100
pg/ml penicillin and 100 pg/ml streptomycin at 37°Cin a 5%
CO2 humidified atmosphere.

Growth inhibition assay

The antiproliferative effects of PSI, Cisplatin-alone, and Cisplatin
plus PSI were assessed using a MTT assay. SGC-7901 cells (100
pl/well, 1x10* cells/ml) were seeded and each group had trip-
licate treatments. Meanwhile, a nontreated group was estab-
lished as the control (DMSO concentration was 0.25% (v/v)),
and then treated with different concentrations of PSI (0.2,
0.4, 0.8, 1.6, 3.2, 6.4 pg/ml), or Cisplatin (0, 1, 2, 4, 8, 16, 32,
64 pM), or a combination of Cisplatin (at the concentrations
shown above) plus PSI (0.3 pg/ml) for 48 h. Dose-dependent
curves were generated. The cytotoxic effects of tested agents
were expressed as the 50% inhibiting concentration (1C50).

Cell cycle assay

Four groups were divided as the control group, PSI group,
Cisplatin group and PSI + Cisplatin group. The concentration
of DMSO in the control group was 0.25% (v/v). PSI (0.3 g/
ml) and Cisplatin (0, 8,16, 32 uM) were used to treat the cells
for 48 h, and then cells were harvested and fixed with 70%
ethanol which were stored overnight at —20°C. Cells were in-
cubated in RNase and then stained in propidium iodide (PI).
Flow Cytometry with a Kaluza software, version 1.20 (Beckman
Coulter, Inc., Brea, CA, USA) was used to analyze cell cycle.

Apoptosis analysis
Annexin V/Pl method was used to analyze apoptosis with

Annexin V FITC apoptosis detection kit (BD Biosciences). Four
groups were divided as the control group, PSI group, Cisplatin

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

3799




LAB/IN VITRO RESEARCH

Song S.etal.:
Paris saponin | sensitizes gastric cancer cell lines to cisplatin via cell cycle arrest...
© Med Sci Monit, 2016; 22: 3798-3803

0.8

Inihbition rate
o
(=2}
1

N
~
1

ot
[N
1

g
o

0 2 4
PSI concentration (pg/ml)

o
oo

1.0
0.8 -
£ 06-
=
£ 044
—@—(isplatin
02 - --@-- Cisplatin+PSI

0 20 40 60 80
Cisplatin concentration (M)

Figure 1. PSI induced growth inhibition of gastric cancer cell line SGC-7901 following exposure at different concentrations at 48 h (A).
Inhibition rates were significantly increased in the PSl+cisplatin treatment group compared with cisplatin only group at 48 h

(P<0.05) and was dose-dependent (B).

group and PSI + Cisplatin group. The concentration of DMSO in
the control group was 0.25% (v/v). Cells were treated with PSI
(0.3 pg/ml) and Cisplatin (0, 8, 16, 32 uM), then harvested at
48 h, and stained following the kit instruction. Cells were in-
cubated with the mixture of Annexin V FITC and Pl in the dark.
Apoptosis levels were detected by flow cytometry (Beckman
Coulter, Inc., Brea, CA, USA).

Western blot analysis

Four groups were divided as the control group, Cisplatin group
and PSI + Cisplatin group. The concentration of DMSO in the
control group was 0.25% (v/v). Cells were treated with PSI (0.3
pg/ml) and Cisplatin (16 pM), Following treatment, cells were
lysed with lysis buffer containing 50 mM Tris-HCl (pH 8.0) and
150 mM 1% TritonX-100 (Sigma-Aldrich). Equal amounts of
protein were separated by 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis, then transferred to nitrocel-
lulose membranes (Thermo Fisher Scientific, Inc., Waltham,
MA, USA). The membranes were incubated overnight at 4°C
with primary antibodies (rabbit anti-rat Bcl-2, Bax, caspase-3
and p21/Waf1/Cipl monoclonal antibodies and mouse anti-
rat GAPDH monoclonal antibody (1: 1,000)), and then washed
three times with Tris-buffered saline supplemented with
Tween-20, prior to being incubated for 2 h at room temper-
ature with the HRP-conjugated goat anti-rabbit IgG second-
ary antibody (1: 10,000). The membranes were visualized us-
ing an enhanced chemiluminescence system and X-ray films
(Santa Cruz Biotechnology Inc.).

Statistical analyses

Data were statistically analyzed using SPSS 17.0 (SPSS, Inc.,
Chicago, IL, USA) and presented as means +S.D. Groups were

compared by one-way ANOVA test and SNK-q test consider-
ing P<0.05 as a significance level.

Results

PSI inhibits cell growth and proliferation and promotes
Cisplatin-induced cytotoxicity in human gastric cancer cell
line by MTT assay

PSI concentrations of 0.2 to 6.4 pg/ml caused dose-dependent
inhibition of the SGC-7901 cell growth at 48 h (Figure 1A). The
IC50 value of PSIin SGC-7901 cell lines at 48 h was 1.12 pg/m|,
indicating that PSI had a significant anticancer activity in gas-
tric cancer cells in vitro. Then the cells were treated with differ-
ent concentrations of Cisplatin, either alone or in combination
with PSI (choose 1C20, 0.3 pg/ml) at 48 h. Cisplatin at concen-
trations of 1 to 64 pM caused a dose-dependent inhibition
at 48 h (Figure 1B). The IC50 value of Cisplatin in SGC-7901
cell lines was 30.4 pM at 48 h. When Cisplatin was combined
with PSI (0.3 pg/ml), the IC50 value decreased significantly to
20.3 pM (Figure 1B). The results indicate that PSI significant-
ly sensitizes SGC-7901 cell lines to Cisplatin-induced prolifer-
ation inhibition.

PSI promotes Cisplatin-induced G2/M arrest in SGC-7901
cells

Cisplatin induced G2/M phase arrest in a concentration-de-
pendent manner at 48 h. Furthermore, PSI promoted Cisplatin-
induced G2/M phase arrest in a Cisplatin concentration-depen-
dent manner (Figure 2). The results show that PSI promotes
Cisplatin-induced inhibition of SGC-7901 cell proliferation ac-
cording to the G2/M phase arrest.
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Figure 2. PSI promoted cisplatin-induced G2/M arrest in
a cisplatin concentration-dependent manner.
* Statistically significant difference (P<0.01) between
the PSl+cisplatin treated groups and the cisplatin only

Figure 3. Apoptosis was increased which treated with PSI or
cisplatin and was increased significantly when treated
with PSI plus cisplatin in a cisplatin concentration-
dependent manner. * Statistically significant difference

group. (P<0.01) between the PSl+cisplatin-treated groups and
the cisplatin only group.
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Figure 4. Effect of PSI to cisplatin treatment on levels of caspase-3, Bax, Bcl-2, and P21"3/<?! protein expression in SGC-7901
cells. Treatment with cisplatin decreased the level of Bcl-2 and increased the levels of caspase-3, Bax, Bcl-2, P21
dpl, and the addition of PSI enhanced these effects of cisplatin (A). * Statistically significant difference (P<0.01) between
the PSl+cisplatin-treated groups and the cisplatin only group; * Statistically significant difference (P<0.01) between the

PSl+cisplatin-treated groups and the control group (B).

PSI promotes Cisplatin-induced apoptosis in SGC-7901
cells

Annexin V/PI double staining assay was used to evaluate the
apoptosis induced by PSI and Cisplatin in SGC-7901 cells.
Apoptosis was observed in Cisplatin treated group with dif-
ferent concentrations, and furthermore, significant apoptosis
was observed in PSI plus Cisplatin group compare to Cisplatin
treated group (Figure 3). The results reveal that PSI promotes
Cisplatin-induced apoptosis in SGC-7901 cells at 48 h signifi-
cantly in a Cisplatin concentration-dependent manner.

PSI increases Cisplatin-induced levels of apoptosis and
G2/M regulatory proteins in SGC-7901 cells

To explore the mechanism by which PSI enhances the Cisplatin-
induced apoptosis and cell cycle arrest in SGC-7901 cells, we
examined the effects of PSI and/or Cisplatin on the expres-
sion of key regulators, including Caspase-3, Bax, Bcl-2 and
p21waft/dpl Caspase-3, Bax and Bcl-2 were the most important
apoptosis regulators and P21%/dpl was the most important
cell cycle checkpoint regulator. Cisplatin treatment decreased
the level of Bcl-2 and increased the levels of Caspase-3, Bax,
p21vafi/drl “however, PSI enhanced these effects (Figure 4). The
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result suggested that the regulation of P21wafl/cp! Caspase-3,
Bax and Bcl-2 expressions contributed to G2/M phase arrest
and apoptosis induced by PSI to Cisplatin in SGC-7901 cells.

Discussion

Chemotherapy is the most important way to treat advanced
gastric cancer for decades. Although new compounds have
been developed to be active against transitional cell carcino-
ma, Cisplatin remains one of the most active ‘standard’ sin-
gle-agents and the mainstay of typical combination regimens
against gastric cancer [22-26]. However, Cisplatin is highly
toxic, and its efficacy is limited owing to its adverse events.
Furthermore, resistance to Cisplatin is developing gradually in
the treatment [27-30]. Thus, developing effective agents to
sensitize Cisplatin efficacy and overcome platinum resistance
in gastric cancer makes a challenge. Paris saponin I, original-
ly derived from Rhizoma paridis, which is the root of Chinese
herbal, has been recently investigated as a new anticancer
agent [14-19]. In the present study, we demonstrated that
PSI sensitized gastric cancer cells to Cisplatin with low toxici-
ty. We found that the 1C50 value of Cisplatin in SGC-7901 cell
lines was 30.4 pM at 48 h. When Cisplatin was combined with
PSI (0.3 pg/ml), the IC50 value decreased significantly to 20.3
UM, revealing that PSI significantly sensitized SGC-7901 cell
lines to Cisplatin-induced proliferation inhibition.

The most important effect of chemotherapy for treating hu-
man cancers is cell proliferative inhibition according to the in-
duction of cell apoptosis. Cisplatin is one of the most common-
ly used drug in treating various types of cancer. It has shown
that Cisplatin can bind to DNA and inhibit DNA synthesis, sup-
press cell division and induce apoptosis [31]. It has been in-
creasingly recognized that the apoptosis of tumor cells is a
key indicator for measuring the effectiveness of chemother-
apy, and the apoptosis is associated with the chemotherapy
drugs in a time- and dose-dependent manner [32]. There are
two major apoptosis pathways: an extrinsic pathway, which
involves signal transduction through cell surface death re-
ceptors, and an intrinsic pathway, which is triggered by radia-
tion or chemical agents. But most malignancies have defects
in initiating or executing the apoptotic pathways. Therefore,
targeting the regulation of apoptosis represents an important
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pharmacological strategy for the development of chemother-
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pression. Therefore, PSI shows promise as a chemosensitizer,
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