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Synergistic apoptotic effects of silibinin in enhancing paclitaxel
toxicity in human gastric cancer cell lines
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Abstract. Gastric cancer (GC) is the 3rd leading cause
of tumor-associated mortality worldwide. The efficacy of
paclitaxel, a frequently used GC chemotherapeutic agent,
is hindered due to drug resistance, dose-induced toxicity
and adverse side effects. Silibinin, an active compound of a
widely consumed dietary supplement, milk thistle extract, has
recently been demonstrated to have strong antitumor efficacy
in a human GC cell model. Thus, to enhance the efficacy of
GC treatment, the present study evaluated whether silibinin
exerted a synergistic therapeutic effect with paclitaxel. It was
observed that the combination of silibinin-paclitaxel was able
to trigger cell cycle arrest and apoptosis. The cell cycle arrest
assay indicated that silibinin and paclitaxel alone induced a
G2/M phase arrest, and the silibinin-paclitaxel combination
strongly inhibited G2/M cells from entering the S phase. The
apoptosis assay and western blot analysis of poly-ADP-ribose
polymerase, pro-caspase 3 and pro-caspase 8 demonstrated that
silibinin synergized with paclitaxel in promoting SGC-7901
GC cell apoptosis. Furthermore, upregulation of the ratio of
apoptosis regulator Bcl-2/apoptosis regulator BAX and tumor
necrosis factor receptor superfamily member 6 (Fas)/Fas
ligand indicated that the silibinin-paclitaxel combination
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activated the death receptor-mediated pathway in SGC-7901
cells. The results of the present study suggested that silibinin
enhanced the therapeutic potential of paclitaxel against human
GC SGC-7901 cells.

Introduction

Gastric cancer (GC) is the 3rd leading cause of tumor-associ-
ated mortality worldwide, responsible for 750,000 mortalities
in 2012 (1). A total of ~1 million cases of GC occur world-
wide each year, placing it among the types of cancer with the
highest incidence in Eastern Europe, Eastern Asia and South
Africa (2,3). Complete surgical resection of malignant tumor
tissue remains the most common method of treating patients
with early GC. Furthermore, since GC frequently causes no
clinical symptoms in the earlier stages, numerous patients are
at an advanced stage at diagnosis and the tumor is no longer
amenable to curative surgical treatment (4). In this setting,
chemotherapy may improve and prolong survival in these
patients (5), although the benefit must be evaluated against
treatment-associated toxicity. S-fluorouracil (5-FU) is the most
important and widely used GC chemotherapy single agent (5).
Other single agents, including cisplatin and anthracyclines,
have been applied previously (6,7). Furthermore, phase III
trials have been undertaken to evaluate docetaxel, and
irinotecan, and even oxaliplatin has been clinically used (5).
Since GC is a highly heterogeneous disease characterized by
multiple histological subtypes and molecular mechanisms,
the 5-FU alone response rate is ~20% (8). However, the
majority of patients who are sensitive to initial chemotherapy
eventually fail to react to further cytotoxic chemotherapeutic
agents. Thus, a combination therapy regimen has become the
accepted standard and has been used as a reference treatment
in Europe and the USA (9). Therefore, phytotherapeutic agents
(resveratrol, lycopene, sulforaphane, pomegranate and green
tea), characterized by high antitumor efficacy and minimal
toxicity to normal cells, are potential candidates to be used
for their synergistic efficacy in combination with antitumor
drugs (10-13).

Silibinin (C,sH,,0,,) is isolated from the seeds of
Silybum marianum (L.) Gaertn (family Asteraceae), which is
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additionally termed milk thistle (14).It has been reported that
silibinin has demonstrated pleiotropic anticancer efficacy in
various human malignant tumors, including colon, prostate,
bladder and skin cancer (15,16). Silibinin is used as a thera-
peutic agent, in addition to as a sensitizer. Previous studies
have reported a synergistic apoptotic effect of a silibinin-doxo-
rubicin/paclitaxel combination in multidrug-resistant colon
cancer cells, or a silibinin-cisplatin combination in human
prostate carcinoma DU145 cells (17,18). However, there are
no reports on the synergistic effect of paclitaxel-silibinin in
GC, which is considered to be an important component in the
development of a new combination chemotherapy strategy.

The present study evaluated whether silibinin was able to
synergize with the therapeutic efficacy of paclitaxel in human
GC cell models. The results demonstrated that silibinin
promoted paclitaxel-induced growth inhibition, G2/M cell
cycle arrest and apoptosis in human GC SGC-7901 cells. The
present study provided a deeper insight into the synergistic
efficacy of silibinin in combination with paclitaxel in human
GC cells.

Materials and methods

Reagents and drugs. The antibodies for cyclin Bl (cat.
no. sc-245), M-phase inducer phosphatase 3 (Cdc25C; cat.
no. sc-327), cyclin-dependent kinase 1 (Cdc2; cat. no. sc-54),
caspase-3 (cat. no. sc-56053), caspase-8 (cat. no. sc-81656),
caspase-9 (cat. no. sc-133109), poly-ADP-ribose polymerase
(PARP; cat. no. sc-56196), apoptosis regulator BAX (Bax; cat.
no. sc-7480), apoptosis regulator Bel-2 (Bcl-2; cat. no. sc-7382),
tumor necrosis factor receptor superfamily member 6 (Fas;
cat. no. sc-8009), Fas ligand (Fas L; cat. no. sc-19681), B-actin
(cat. no. sc-8432) and horseradish peroxidase-labeled goat
anti-mouse immunoglobulin G (cat. no. sc-2039) were obtained
from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). The
Annexin V-Fluorescein Isothiocyanate (FITC) Apoptosis
Detection kit I was obtained from BioTeke Corporation
(Beijing, China). Caspase activity assay kits were purchased
from Bestbio Company (Shanghai, China). MTT, propidium
iodide (PI), silibinin, paclitaxel and all other chemicals used in
the present study were obtained from Sigma-Aldrich (Merck
KGaA, Darmstadt, Germany).

Cell culture. Human GC cell lines BGC-823, SGC-7901 and
AGS were obtained from the Type Culture Collection of the
Chinese Academy of Sciences (Shanghai, China) and cultured
in Dulbecco's modified Eagle's medium supplemented with
10% (v/v) fetal bovine serum and 1% penicillin/streptomycin,
at 37°C in a humidified atmosphere with 5% CO,. BGC-823,
SGC-7901 and AGS cells were used for MTT assays and
SGC-7901 cells were used as the cell model for subsequent
experiments.

Cell viability assays. Cells (5x10° cells/well; SGC-7901,
BGC-823 and AGS) were seeded in 96-well plates and grown
overnight. The cells were subsequently challenged with either
dimethyl sulfoxide (DMSO alone), various doses of silibinin (0,
6.25,12.5,25,50, 100,200,400 or 800 xM) dissolved in DMSO,
paclitaxel (0.00001, 0.001, 0.01, 0.1, 1, 10, 100 or 1,000 nM)
alone, or silibinin (25 or 50 xM) combined with different
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concentrations of paclitaxel (0.001, 0.01, 0.1, 1 or 10 nM) for
48 h. Following treatment for 48 h, 5 mg/ml MTT reagent was
added into the culture medium and the cells were incubated
for 4 h. Thereafter, the medium with MTT was removed and
150 u1 DMSO was added to dissolve the formazan crystals.
Living cell absorbance was spectrophotometrically measured
at a wavelength of 490 nm, according to the reduction of yellow
tetrazolium MTT to an intracellular purple formazan. The
combinational growth-inhibitory effect was calculated using
the combination index (CI)/isobologram method (19). The
assay was repeated in triplicate to confirm accuracy.

Determination of CI. CI represents a quantitative concep-
tion of synergism and antagonism and was calculated by the
Chou-Talalay equation (19):

_(D), (D), _ (D), . (D),
@) ®), )L A= )l - £

CI

Where CI<1, =1, >1 represents synergism, additive effect, and
antagonism in drugs combination and In the denominators
(D),and (D,), are the concentration of single (D,), (S, silibinin)
and (D,), (P, paclitaxel) that causes x% inhibition, whereas the
numerators (D), and (D), are the concentration of D, and D, in
silibinin-paclitaxel combination at x% inhibition setting. The
(D), and (D,), were calculated based on the meridian-effect
equation of Chou et al (20):

D.=(D,)f, /- f)"

Where D, is the median-effect dose obtained from anti-log
of the X-intercept of the median-effect plot, X-log (D) vs.,
Y=log[f,/1-f,)], or, D, =10-(-mereerdim ‘g the fraction affected by
the dose D, and m is the slope of the median-effect plot.

Flow cytometry assay. To examine cell cycle arrest and apop-
tosis (21,22), the cells (4x10°) were plated in a 6-well plate
containing 2 ml medium and incubated overnight at 37°C.
Medium was removed and replaced with fresh culture medium
containing silibinin (25 yM) alone, or paclitaxel (10 nM) alone,
or silibinin (25 yM) in combination with 10 nM paclitaxel, and
the cells were incubated for 24 h at 37°C. Control cells were
treated only with DMSO. Following 24 h of treatment, the cells
were collected and washed twice with cold PBS (0.01 M; pH 7.4).
The cells were subsequently fixed in ice-cold 70% ethanol over-
night at 4°C, washed twice with cold PBS (0.01 M; pH 7.4), and
stained with 0.5 ml cold PI solution containing 10 ¢l RNase A
(25 ug/ml) and 10 p1 PI (50 prg/ml) at 37°C for 30 min in the dark
for cell cycle analysis. To assess the status of apoptosis, the cells
(10%) following treatment for 24 h were collected and stained
with Annexin-V-FITC/PI according to the manufacturer's
protocol. The cells were analyzed on a flow cytometer (BD
FACSCalibur™; BD Biosciences, Franklin Lakes, NJ, USA)
and data acquisition and analysis were performed using FlowJo
software version 7.6 (Tree Star, Inc., Ashland, OR, USA). All the
experiments were performed in triplicate.

Western blotting. The method of total protein extraction was
performed as described previously (23). The cells (2x10°%) were
plated in 100 mm dishes. Following treatment with silibinin
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Table I. Combination index values of silibinin-paclitaxel combinations in different gastric cancer cell lines.
Cell line
SGC-7901 AGS BGC-823

Drug treatment Sil, 25 uM Sil, 50 uM Sil, 25 uM Sil, 50 uM Sil, 25 uM Sil, 50 uM
Pac,0.001 nM 0.111 0.1 0.091 0.123 0.176 0.136
Pac,0.01 nM 0.151 0.141 0.062 0.083 0.269 0.267
Pac, 0.1 nM 0.212 0.175 0.104 0.116 0.177 0.173
Pac, 1 nM 0.267 0.231 0.046 0.054 0418 0423
Pac, 10 nM 0.302 0.258 0.104 0.132 0.905 0.95
Sil, silibinin; Pac, paclitaxel.
or paclitaxel alone, or the silibinin-paclitaxel combination, Results

the cells were collected, washed twice with ice-cold PBS and
lysed in ice-cold cell lysis buffer [SO mmol/l Tris (pH 8.0),
150 mmol/l NaCl, 0.1% SDS, 1% NP40, and 0.5% sodium
deoxycholate)] containing proteinase inhibitors (1% cocktail
and 1 mmol/l phenylmethane sulfonyl fluoride) for 30 min.
Protein concentration was determined via the Bradford assay.
Proteins samples (40 pg) were denatured in 5X sample buffer
at 100°C for 5 min and separated on 12% SDS-PAGE gels. The
proteins on the gels were transferred to polyvinylidene difluo-
ride membranes for 2 h at 60 V. The membranes were blocked
with 5% non-fat milk at 37°C for 1 h and incubated overnight
at 4°C with specific primary antibodies (dilution, 1:500). The
membranes were subsequently incubated with goat anti-mouse
IgG horseradish peroxidase-conjugated secondary antibodies
at room temperature for 1 h (dilution, 1:2,000). To quantify the
results of the western blotting, the image of the western blot
on the PVDF membrane was scanned into a .jpg image file
and the alterations in band gray levels were analyzed using
ImageJ 1.51k (National Institutes of Health, Bethesda, MD,
USA). The size of the gray level value represents the protein
expression level.

Caspase activity. Caspase activity assays were performed
according to the manufacturer's instructions. In brief, cells
were collected following treatment and were centrifuged
(10,000 x g; 5 min; 4°C) in ice-cold PBS, according to the
manufacturer's protocol. Subsequently, the cells were lysed
in 100 ul lysis buffer and the supernatant was collected via
centrifugation (10,000 x g; 10 min; 4°C). A total of 10 pl cell
lysate protein was diluted in 80 ul reaction buffer containing
10 pl caspase-3 substrate (Ac-DEVD-pNA; 2 mM), caspase
8 substrate (Ac-IETD-pNA; 2 mM) or caspase-9 substrate
(Ac-LEHD-pNA; 2 mM) with 1 ul dithiothreitol, and was incu-
bated at 37°C for 60 min. The caspase activity was measured
using a microplate reader at 405 nm.

Statistical analysis. All data are presented as the mean + stan-
dard error of the mean of three independent experiments.
Statistical differences were evaluated by one-way analysis
of variance. SPSS 19.0 software (IBM Corp., Armonk, NY,
USA) was used for statistical analysis. P<0.05 was considered
to indicate a statistically significant difference.

Synergistic effects of the silibinin-paclitaxel combination on
SGC-7901 cell growth inhibition. To assess the inhibitory effect
of the silibinin-paclitaxel combination, the effect of silibinin or
paclitaxel alone was tested on three GC cell lines: SGC-7901,
BGC-823 and AGS. Following treatment with silibinin or
paclitaxel for 48 h, cell proliferation in all three cell lines was
inhibited by silibinin (Fig. 1A). The half-maximal inhibitory
concentration (ICs,) values for silibinin in SGC-7901, BGC-823
and AGS cells were 69.09, 201.69 and 122.83 uM, respectively
(data not shown), suggesting that silibinin had a broad spectrum
growth inhibitory effect on various differentiated GC cell lines.
In addition, all three GC cell lines were sensitive to paclitaxel
(Fig. 1B); the ICs, values of SGC-7901, BGC-823 and AGS
were 6.01, 59.22 and 566.49 nM, respectively (data not shown).
Therefore, treatment with these agents was able to inhibit GC
cell line growth in a dose-dependent manner.

Based on the ICy, values for silibinin or paclitaxel alone
applied to the three GC cell lines, silibinin (25 or 50 M) was
combined with various doses of paclitaxel (0.001, 0.01, 0.1, 1
and 10 nM) to investigate their potential synergism in GC cell
lines. A silibinin-paclitaxel combination led to decreased ICs,
values of 0.025, 10.83 and 0.17 nM (based on the concentration
of paclitaxel) for SGC-7901, BGC-823 and AGS, respectively,
as presented in Fig. 1C. The CI values of free silibinin (25 or
50 uM)-paclitaxel (0.001, 0.01, 0.1, 1 or 10 nM) in GC cell
lines are summarized in Table I, and indicated that silibinin
and paclitaxel exhibited strong synergism in all three cell lines.
Furthermore, the inhibitory effect of the silibinin-paclitaxel
combination was notably increased compared with the single
treatments, indicating that the silibinin may be used to effec-
tively reduce the dosage of paclitaxel in cancer chemotherapy.
SGC-7901 cells were used for further studies due to their
increased sensitivity to the combination treatment.

Effect of the silibinin-paclitaxel combination on the cell cycle
arrest of SGC-7901 cells. On the basis of the synergistic growth
inhibition effect of the silibinin-paclitaxel combination in
SGC-7901 cells, the present study assessed whether the inhibition
involved an alteration in cell cycle arrest by these combinations
compared with a single agent. As presented in Fig. 2A and B,
treatment of cells with 25 M silibinin alone led to an increased



1838

ZHANG et al: SYNERGISTIC APOPTOTIC EFFECTS OF A SILIBININ-PACLITAXEL COMBINATION

SGC-7901 BGC-823 AGS
100 <
804
=
£
=, 60+
E
8 404
H
]
© 204
0
0 625 125 25 50 100 200 400 S00 0 625 125 25 50 100 200 400 800 0 625 125 25 50 100 200 400 800
Silibinin (M) Silibinin (uM) Silibinin (M)
100+ 100 1 100
~. 80 -
9 _ 80+ _ 80
£ 604 g £
% gsu- gso-
= 40 = 3
=2 > 404 = 404
hd = o]
204 o L]
204 204
0
0
o > > N \ ~ 2 @ M n @ - o o - ~ 2
K& F > & $ R R &S & $
Paclitaxel (nM) Paclitaxel (nM) Paclitaxel (nM)
C » 100
e -, - 100 o001 oM EEEN0.01 v B0 oM D0 aM 10 0M 0000 oM 0.0 oM 0. eM [ 1 eM [ 10 mM
#
# # . #
F 9 o)
£ £ £ 604
Z z 2
£ £ E a0
3 3 3
o 5] 3]
204
# 8 & #
0-

Silibinin (25 uM )

Silibinin (50 uM )

Silibinin (25 pM )

Silibinin (50 uM ) Silibinin (25 M )

Silibinin (50 1M )

Figure 1. Growth inhibition effect of silibinin and paclitaxel alone, or a silibinin-paclitaxel combination, on gastric cancer cell lines. Cells (SGC-7901,
BGC-823 and AGS) were incubated in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum for 24 h and treated with the indicated
concentrations of (A) silibinin, or (B) paclitaxel alone, or (C) treated with silibinin (25 or 50 xM) in combination with paclitaxel (0.001,0.01,0.1, 1 or 10 nM)
for 48 h, respectively. Cell viability was determined by an MTT assay. ‘P<0.05 vs. control; “P<0.05 vs. same concentration of silibinin or paclitaxel.

percentage in the G2/M phase compared with the control (from
25.11£2.87 to 46.89+5.02%), and 10 nM paclitaxel raised the
percentage of cells in the G2/M phase compared with the control
(from 25.11£2.87 to 38.65+1.97%) following 24 h of treatment.
The silibinin (25 uM)-paclitaxel (10 nM) combination increased
the ratio of G2/M phase cells (from 25.11+2.87 to 96.62+4.85%)
in addition to reducing the number of G1 and S phase cells. These
data suggested that the drug combination blocked SGC-7901
cells at the G2/M phase and prevented entry into the M phase.

Due to the synergistic effects of the silibinin-paclitaxel
combination on G2/M arrest, the molecular events associ-
ated with the combinatorial effect on G2/M phase arrest in
SGC-7901 cells were investigated. Using western blot analysis,
it was observed that the expression levels of Cdc2 and Cdc25C
were notably decreased following combination treatment
with silibinin-paclitaxel, which indicated a downregulation
of the Cdc25C-cyclin B1-Cdc2 pathway could be the possible
molecular mechanism of silibinin-paclitaxel efficacy on cell
cycle arrest in SGC-7901 cells (Fig. 2C).

Apoptotic effect of silibinin-paclitaxel combination on
SGC-7901 cells. It was subsequently assessed whether treat-
ment with a combination of silibinin (25 #M) and paclitaxel
(10 nM) was accompanied by increased apoptosis. As presented
in Fig. 3A, treatment of cells with silibinin (25 xM)-10 nM
paclitaxel for 24 h exerted a significant apoptotic effect
compared with silibinin (25 pM) or 10 nM paclitaxel alone, or
DMSO. The quantitative data demonstrated that DMSO, silib-
inin (25 uM) or 10 nM paclitaxel alone produced 5.82+1.29%,
10.59+1.53% and 24.96+1.25% apoptotic cells, respectively,
while the combination led to a significant increase in apoptosis
accounting for 88.14+4.4% apoptotic cells (Fig. 3B).

Silibinin-paclitaxel combination activates the death
receptor-mediated pathway in SGC-7901 cells. To elucidate
the molecular mechanism of silibinin-paclitaxel combina-
tion-mediated apoptosis, the expression levels of pro-caspase 3,
pro-caspase 8 and pro-caspase 9, and PARP cleavage, were
studied. When SGC-7901 cells were treated with the silibinin
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Figure 2. Combinatorial effect of silibinin and paclitaxel on cell-cycle distribu-
tion in human gastric cancer SGC-7901 cells. SGC-7901 cells were treated with
either dimethyl sulfoxide as a control, 25 ¢M silibinin, 10 nM paclitaxel, or a
25 uM silibinin-10 nM paclitaxel combination for 24 h. At the end of these treat-
ments, adherent and non-adherent cells were collected and incubated overnight
with 70% ethanol at 4°C. The DNA content of SGC-7901 cells was analyzed
using a flow cytometer. (A) Cell cycle distribution, and (B) the percentages
of cells in the G1, S and G2/M phases are presented. (C) The protein expres-
sion of Cdc2, cyclin Bl and Cdc25C was visualized using western blotting.
p-actin was used as an internal control. Sil, silibinin; Pac, paclitaxel; Cdc2,
cyclin-dependent kinase 1; Cdc25C, M-phase inducer phosphatase 3.

and paclitaxel combination for 24 h, pro-caspase 3 expression
was reduced and the level of cleaved caspase 3 was increased
(Fig.4A). Furthermore, the caspase 3 activity assay illustrated a
trend of gradually increasing activity by 5.9-fold (compared with
the control), as assessed by colorimetry (Fig. 4B). Since PARP
is a reliable marker of apoptosis and a substrate for caspase
activity, the cleavage level of PARP was assessed. As presented
in Fig. 4A, the silibinin-paclitaxel combination led to increased
PARP cleavage compared with silibinin or paclitaxel alone.
Moreover, the silibinin-paclitaxel combination downregulated
the expression level of pro-caspase 8, increased caspase 8
activity and triggered the cleavage of pro-caspase 8, which
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Figure 3. Silibinin in combination with paclitaxel significantly induces
cellular apoptosis in SGC-7901 cells. (A) Cells treated with either the DMSO
control or silibinin (25 ¥M) in combination with 10 nM paclitaxel for 24 h
were assessed for apoptosis by staining with Annexin V-FITC and PI.
(B) The data of apoptotic cell percentages are expressed as the mean + stan-
dard error of the mean of at least three independent experiments. "P<0.05,
“P<0.01 vs. control. FITC, fluorescein isothiocyanate; PI, propidium iodide;
DMSO, dimethyl sulfoxide.

suggested that caspase 8 was activated. Activation of caspase 8
requires internal proteolysis at aspartic residues to generate a
heterodimeric enzyme, Fas-associated death domain protein
(FADD)-caspase 8. This proteolytic processing is involved
in the apoptosis induced by Fas/Fas L and various apoptotic
stimuli. Within the Fas-FADD-caspase 8 complex, caspase 8
undergoes self-cleavage to convert to its active forms (24,25).
As presented in Fig. 4A, the silibinin-paclitaxel combination
increased the expression levels of Fas and Fas L post-treatment.

In addition, Bax (pro-apoptotic protein) and Bcl-2
(anti-apoptotic protein) serve an important role in the regulation
of apoptosis. Therefore, alteration in the Bcl-2/Bax expres-
sion is an important determinant of apoptosis. As presented
in Fig. 4A, the intracellular expression level of Bcl-2 decreased
in the silibinin-paclitaxel combination-treated group compared
with the control or single treatment groups. Furthermore,
the intracellular expression level of Bax increased in the
silibinin-paclitaxel combination-treated group compared with
the control or single treatment groups.

Discussion

Systemic toxicity and multidrug resistance have become
the principal barriers in cancer chemotherapy (21).In this
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Figure 4. Effects of silibinin and paclitaxel on the expression of proteins
associated with apoptosis in SGC-7901 cells. (A) Cells were treated with
25 uM silibinin, 10 nM paclitaxel, or the drug combination for 24 h and were
harvested for western blot analysis, and (B) equal amounts of cell lysates were
analyzed for caspase-3, caspase-8 and caspase-9 activity using DEVD-pNA,
IETD-pNA and LEHD-pNA as substrates, respectively. "P<0.05 vs. respec-
tive control. PARP, poly-ADP-ribose polymerase; Fas, tumor necrosis factor
receptor superfamily member 6; Fas L, Fas ligand; Bcl-2, apoptosis regulator
Bcl-2; Bax, apoptosis regulator BAX.

Relative activity

regard, there remains a need to develop combination chemo-
therapy methods using clinical anticancer drugs and natural
compounds with a known mechanism of action (26).In the
present study, the effect of the silibinin-paclitaxel combination
in SGC-7901 cells was investigated. These data indicated that
silibinin synergized with the therapeutic effect of paclitaxel in
SGC-7901 cells, via the induction of G2/M arrest and apop-
tosis. The results were significant as GC has frequently not
been sensitive to anti-cancer drugs (27).

Cell cycle regulation involves a series of complex events
during cell proliferation. Cell cycle regulatory proteins,
cyclin-dependent kinases and cyclins, are a primary means of
controlling cancer cell division (28). In particular, the Cdc2-cyclin
B1 complex serves an important role in the regulation of the tran-
sition between the G2 and M phases (29). In the present study,
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the silibinin-paclitaxel combination induced G2/M phase arrest
by downregulating the expression levels of Cdc2 and cyclin Bl.

Apoptosis induced by anticancer drugs involves two prin-
cipal cell signaling pathways: The mitochondria-mediated
pathway and the death receptor-mediated pathway (30,31).
These pathways are associated with protease caspases, which
are able to cleave regulatory and structural molecules, and
induce apoptosis in cancer cells (32). Death receptors (DRs),
including Fas, DR4 and tumor necrosis factor receptor, are
important regulators of apoptosis. Ligation of DRs leads to the
assembly of a death inducing signaling complex that triggers the
cleavage of proteins, the activation of caspases and, ultimately,
the apoptosis of cancer cells (33). A previous investigation
demonstrated that silibinin induces apoptosis and causes cell
cycle arrest by downregulating cyclinBl1, survivin, Bel-2 like 1
and induced myeloid leukemia cell differentiation protein
Mcl-1, and activating caspase 3 and caspase 9 in MGC803
cells (34). However, in the present study, the percentage of
apoptotic cells increased, the expression levels of pro-caspase 3
and 8 were significantly downregulated and the pro-caspase 9
level exhibited no evident change following treatment with
silibinin (25 uM)-paclitaxel (10 nM). These differences in the
mechanism of silibinin-induced apoptosis may be due to tumor
heterogeneity, which affects tumor cells growth, immunoge-
nicity, metastasis ability and drug sensitivity (35).

Furthermore, the increase in the expression level of Fas/Fas L,
alterations in Bcl-2/Bax expression, and activation of caspase 3
and 8 further suggested that the silibinin-paclitaxel combination
induced apoptosis via the death receptor-mediated pathway.

In the present study, the primary focus was on the molec-
ular mechanism at the cellular level, and it was demonstrated
that the silibinin-paclitaxel combination was able to induce
G2/M arrest by regulating proteins Cdc2 and cyclin Bl1, and
apoptosis, through alterations in Bcl-2/Bax expression, and
the upregulation of Fas/Fas L expression, and the activity of
caspase 3 and 8, proteins in SGC-7901 cells. However, in vivo
testing of the combination effect of silibinin-paclitaxel is
required to establish the synergistic efficacy of the two drugs
for chemotherapy in human GC, using a SGC-7901-bearing
BALB/c nude mouse model, the results of which may lead to a
Phasel trial in human patients with GC.

In conclusion, the data of the present study demonstrated
that a silibinin-paclitaxel combination may be a potent
chemotherapeutic strategy that may inhibit SGC-7901 cell
proliferation and induce apoptosis, and warrants further study
as a combination therapy in human GC.
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