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Extracellular signal-regulated kinase inhibition is required for
methanol extract of Smilax china L.-induced apoptosis through
death receptor S in human oral mucoepidermoid carcinoma cells
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Abstract. Smilax china L., a well-known Chinese traditional
medicine, has been used as an anti-inflammatory, anti-cancer
and analgesic agent, but its role has not yet been fully elucidated
in oral mucoepidermoid carcinoma (MEC). The present study
focused on addressing the anticancer activity and molecular
mechanism of methanol extract of Smilax china L. (MESC) in
MC-3 human oral MEC cells. The results indicated that MESC
inhibited cell growth and induced apoptosis in MC-3 cells.
These observations were found to correlate with increases in
truncated BH3 interacting-domain death agonist and B-cell
Ilymphoma 2 (Bcl-2) interacting mediator of cell death, but
not Bcl-2 homologous antagonist killer, Bcl-2-associated
X protein, Bcl-2, B-cell lymphoma-extra large and induced
myeloid leukemia cell differentiation protein levels. MESC
also damaged the mitochondrial membrane potential, cleaved
caspase-8 protein and increased death receptor 5 (DRS)
protein levels by enhancing the stability of DRS protein.
Furthermore, MESC affected the phosphorylation of extracel-
lular signal-regulated kinase (ERK) only, and did not affect
c-Jun N-terminal kinase or p38 phosphorylation. Co-treatment
with MESC and an ERK inhibitor (PD98059) significantly
increased the expression of DRS to induce apoptosis in MC-3
cells. Therefore, these results suggest that MESC may induce
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apoptosis via the ERK pathway and may be a potential anti-
cancer drug candidate against human oral MEC.

Introduction

Oral cancer ranks among the ten most frequently diagnosed
cancers worldwide and has one of the lowest five-year survival
rates (1,2). Mucoepidermoid carcinoma (MEC), a type of oral
cancer, is the most common malignant salivary gland tumor,
usually affecting the parotid and minor salivary glands of
adults. Due to the phenotypic and biological heterogeneity
of MECs, several studies have attempted to identify potential
biomarkers and therapeutic strategies to improve clinical
assessment (3-6).

Naturally-occurring products, derived from plant
sources, are used as traditional medicines due to their
potential chemotherapeutic activity (7,8). Smilax china L. is
a small vine that grows in the southern parts of China. It
has a long history of indigenous use and has been widely
used in Chinese traditional medicine for treatment of diverse
diseases, particularly for acute and chronic pelvic inflam-
mation (9,10). Recently, several studies have reported that
Smilax china L.-derived compounds have anticancer activi-
ties in various cancer cell lines, including cervical, lung,
gastric and breast cancers (11-13). However, the apoptotic
effect of Smilax china L. in MEC has not been thoroughly
investigated.

Mitogen-activated protein kinase (MAPK) cascades have
been reported to be central in integrating the signals from a
diverse group of extracellular stimuli to the nucleus, where
activation of specific transcription factors elicits cellular
responses by the regulation of gene expression (14). Three
major MAPK pathways have been identified in mammals,
extracellular signal-regulated kinases (ERKSs), stress-activated
protein kinases/c-Jun N-terminal kinases (JNKs) and p38
MAPKs. Among them, the ERK1/2 pathway contributes to
survival signaling in various tumors and inhibition of the
ERK1/2 signaling pathway may be more effective for inducing
tumor cell death than JNK and p38 (15). In the present
study, the antiproliferative effects of the methanol extract of
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Smilax china L. (MESC), and the associated signaling path-
ways in MC-3 human oral MEC cells, were investigated.

Materials and methods

Reagents and antibodies. MESC was provided by
Professor Ki-Han Kwon (Kwangju University, Kwangju,
Korea). Dulbecco's modified Eagle's medium (DMEM), fetal
bovine serum (FBS), 100X antibiotic solution, trypsin and
Dulbecco's phosphate-buffered saline (PBS) were obtained
from WelGENE Inc. (Daegu, Korea). The actin antibody was
purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA, USA). Death receptor 4 (DR4) antibody was obtained
from R&D Systems Inc. (Minneapolis, MN, USA). Antibodies
against B-cell lymphoma 2 (Bcl-2) interacting mediator of cell
death (Bim), truncated BH3 interacting-domain death agonist
(t-Bid), Bcl-2 homologous antagonist killer, Bcl-2-associated
X protein, Bcl-2, B-cell lymphoma-extra large, myeloid
leukemia cell differentiation protein, cleaved caspase-8,
p-ERK, ERK, p-JNK, JNK, p-p38 and p38 were supplied by
Cell Signaling Technology, Inc. (Danvers, MA, USA). DAPI
and cycloheximide (CHX) were acquired from Sigma-Aldrich
(St. Louis, MO, USA). PD98059 was provided by Calbiochem
Technology (San Diego, CA, USA).

Cell culture and drug treatment. MC-3 human MEC cells
were provided by Professor Wu Junzheng (Forth Military
Medical University, Xi'an, China). MC-3 cells were cultured
in DMEM supplemented with 10% FBS and 100 U/ml each
of penicillin and streptomycin in a humidified atmosphere
containing 5% CO, at 37°C. An equal number of cells were
seeded and allowed to attach. When the cells reached 50%
confluency, they were treated with dimethylsulfoxide (DMSO)
or MESC (25, 50 and 100 ug/ml). MESC was dissolved in
0.1% DMSO (vehicle control).

Cell viability assay. The MC-3 cells were treated with 25, 50
and 100 pg/ml MESC for 24 h and the number of viable cells
was counted using a hematocytometer (Neubauer Chamber,
Thermo Fisher Scientific, Waltham, MA, USA) with trypan
blue (0.4%). Each experiment was conducted in triplicate and
the results were expressed as the mean + standard deviation for
each treatment group.

DAPI staining. Apoptotic cell death was determined morpho-
logically using the fluorescent nuclear dye, DAPI. MC-3 cells
were harvested by trypsinization and fixed in 100% ethanol
overnight at -20°C. The cells were re-suspended in PBS, depos-
ited on poly-L-lysin-coated slides and stained with DAPI. The
cell morphology was observed under a fluorescence micro-
scope (Axio Imager.M2; Carl Zeiss Co. Ltd., Seoul, Republic
of Korea).

Western blot analysis. Whole-cell lysates were extracted with
lysis buffer and quantified using the DC Protein Assay kit
(Bio-Rad, Hercules, CA, USA). Equal quantities of protein
from each sample were mixed with 5X loading buffer and
heated at 95°C for 5 min. Equal quantities of protein were
separated by SDS-PAGE and transferred onto a polyvinylidene
fluoride membrane (Bio-Rad). The membranes were blocked
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with 5% skimmed milk in Tris-buffered saline with Tween 20
(TBST) buffer at room temperature for 2 h, washed with
TBST and maintained overnight at 4°C with primary anti-
body. The membranes were then washed with TBST, followed
by incubation with horseradish peroxidase-conjugated
secondary antibody (Santa Cruz Biotechnology, Inc.) at room
temperature for 2 h. Following an additional wash with TBST,
antibody-bound proteins were detected using an Enhanced
Chemiluminescence Western Blotting Luminol Reagent
(Santa Cruz Biotechnology, Inc.).

JC-1 assay. Alterations in mitochondrial membrane potential
(MMP) were measured using the Mitochondrial Membrane
Potential Detection kit (Stratagene, La Jolla, CA, USA). MC-3
cells were treated with MESC and incubated with 1X JC-1
reagent for 15 min at 37°C in a 5% CO, incubator. Cells were
then washed with PBS (3X). JC-1 fluorescence was measured
using a microplate reader (Plate CHAMELEON; Hidex,
Turku, Finland).

Reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was extracted from the cells using an easy-BLUE
Total RNA Extraction kit (Intron, Seoul, Korea). Subsequently,
1 ug RNA was used to synthesize the cDNA using the Reverse
Transcription system (Promega, Madison, WI, USA). The PCR
conditions of DRS were as follows: 30 cycles; 1 min at 95°C,
1 min at 57.8°C and 1 min 30 sec at 72°C. The PCR conditions
of B-actin were as follows: 28 cycles; 1 min at 95°C, 1 min at
60°C and 1 min 30 sec at 72°C. The primer sequences used
were as follows: DRS5 Sense: 5'-ATG AGA TCG TGA GTA
TCT TGC AGC-3' and antisense: 5'-TGA CCC ACT TTA
TCA GDA TCG TGT-3' for DRS5; and sense: 5'-GTG GGG
CGC CCC AGG CAC CA-3"and antisense: 5'-CTC CTT AAT
GTC ACG CAC GAT TTC-3' for p-actin. The PCR products
were analyzed by 2% agarose gel electrophoresis.

Statistical analysis. The data were assessed for statistical
significance using Student's t-test. A value of P<0.05 compared
with the vehicle control was considered to indicate a statisti-
cally significant difference.

Results

Effect of MESC on cell viability and apoptosis in MC-3 cells.
To investigate the growth-inhibitory effect of MESC in MC-3
cells, an optic microscope was used and a trypan blue exclu-
sion assay was performed to observe morphological changes.
The results indicated that cells were detached and cell
viability was decreased by MESC in a dose-dependent manner
(Fig. 1A and B). To examine whether the antiproliferative
effect of MESC was associated with apoptotic events, DAPI
staining was performed to evaluate nuclear fragmentation
and condensation (which is characteristic of cells undergoing
apoptosis). As shown in Fig. 1C, MESC increased the number
of condensed and fragmented nuclei compared with DMSO
(vehicle control). These observations suggest that MESC can
induce apoptosis to reduce the viability of MC-3 cells.

MESC activates caspase-8 and increases t-Bid and Bim
expression to damage MMP. It has been reported that a
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Figure 1. The effect of MESC on cell viability and apoptosis in MC-3 cells. MC-3 cells were treated with dimethylsulfoxide (vehicle control) or various doses
of MESC (25, 50 and 100 pg/ml) for 24 h. (A) Cell morphology was observed by optical microscopy (magnification, x200). (B) Cell viability was determined
using a trypan blue exclusion assay in MC-3 cells; bars represent the mean + SD of triplicate experiments. (C) Fluorescence microscopy images of the
DAPI-stained MC-3 cells. The apoptotic cells were counted and data are presented as the mean =+ SD of triplicate experiments. ‘P<0.05, vs. the vehicle control
group. MESC, methanol extract of Smilax china L.; SD, standard deviation.
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Figure 2. Induction of t-Bid, Bim and cleaved caspase-8 to damage MMP by MESC. MC-3 cells were treated with dimethylsulfoxide (vehicle control) or
various doses of MESC (25, 50 and 100 pg/ml) for 24 h. (A and B) Expression of various members of the Bcl-2 protein family (t-Bid, Bim, Bak, Bax, Bcl-2,
Bcl-x1 and Mcl-1) was detected by western blot analysis. Protein levels were normalized to actin. The expression of t-Bid and Bim proteins were confirmed
in triplicate with columnar graphs expressing the mean + SD. (C) MMP was measured using the JC-1 assay kit and data are presented as the mean + SD of
triplicate experiments. (D) Cleaved caspase-8 was detected using western blot analysis in MC-3 cells. “P<0.05, vs. the vehicle control group. MMP, mitochron-
drial membrane potential; MESC, methanol extract of Smilax china L.; Bcl-2, B-cell lymphoma 2; t-Bid, truncated BH3 interacting-domain death agonist;
Bim, B-cell lymphoma 2 (Bcl-2) interacting mediator of cell death; Bak, Bcl-2 homologous antagonist killer; Bax, Bcl-2-associated X protein; Bel-x1, B-cell
lymphoma-extra large; Mcl-1, induced myeloid leukemia cell differentiation protein; SD, standard deviation.

number of Bcl-2 protein family members associate with the  family members. The results indicated that MESC increased
mitochondrial outer membrane, affecting MMP and causing  t-Bid and Bim protein levels in MC-3 cells, whereas levels of
apoptotic cell death (16). Therefore, western blot analysis  other Bcl-2 family members were unaltered (Fig. 2A and B).
was used to determine the protein expression levels of Bcl-2 A JC-1 assay was then performed to measure MMP and the
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Figure 3. MESC induces DRS protein through the inhibition of protein degradation. MC-3 cells were treated with dimethylsulfoxide (vehicle control) or
various doses of MESC (25, 50 and 100 ug/ml) for 24 h. (A) Protein levels of DR5 and 4 were analyzed by western blot analysis, confirmed in triplicate
experiments and presented graphically as the mean + SD; "P<0.05, vs. the vehicle control group. (B) DR5 mRNA levels were confirmed by reverse transcrip-
tion polymerase chain reaction in MC-3 cells and normalized to actin; data shown in the graphs are presented as the mean + SD of triplicate experiments.
(C) Following treatment of the cells with 0.1 M CHX in the absence or presence of 50 yg/ml MESC for 24 h, DRS5 expression was analyzed by western blot
analysis; the data are presented as the mean = SD of triplicate experiments; ‘P<0.05, vs. the CHX treatment group. MESC, methanol extract of Smilax china L.;

DR, death receptor; SD, standard deviation; CHX, cycloheximide.

results indicated that MESC significantly damaged MMP
in a dose-dependent manner (Fig. 2C). The involvement of
caspase-8 in MESC-induced apoptosis was also determined
and data revealed that MESC induced cleavage of caspase-8
in MC-3 cells (Fig. 2D). Thus, the results suggest that MESC
may induce apoptosis through the activation of caspase-8 and
increased levels of t-Bid and Bim, thereby causing alterations
in MMP.

MESC increases DR5 through the enhancement of protein
stability. To further investigate whether MESC-induced
apoptosis is involved in extrinsic pathways associated with
DRs, the protein levels of DR4 and 5 were detected. As
shown in Fig. 3A, MESC increased the expression of DRS in
a dose-dependent manner compared with the vehicle control
but did not affect DR4 expression. The expression levels of
DRS5 mRNA were also analyzed (by RT-PCR) and the results
revealed that DR5S mRNA levels were unchanged (Fig. 3B). To
further examine how MESC increases DRS protein levels, the
effects of MESC on protein turnover were investigated using
CHX, a protein synthesis inhibitor. The results demonstrated
that co-treatment of MESC and CHX significantly increased
DRS5 protein levels, suggesting that MESC significantly
improved DRS protein stability in MC-3 cells (Fig. 3C).

MESC inactivates the ERK1/2 pathway to induce apoptosis
in MC-3 cells. To further investigate whether MESC-induced
apoptosis is associated with the MAPK pathway through DRs,

the phosphorylation of ERK, INK, and p38 was analyzed. The
results indicated that MESC interrupted the activation of ERK
in MC-3 cells but did not induce any changes in the phosphory-
lation or total expression of INK and p38 (Fig. 4A and B). To
further confirm whether inactivation of ERK was required for
the induction of DRS5 and apoptosis in MC-3 cells, the ERK
inhibitor (PD98059) was used. The results demonstrated that
co-treatment with MESC and the ERK inhibitor significantly
increased the expression of DRS5 in MC-3 cells and that the
ERK inhibitor potentiated MESC-induced apoptosis in MC-3
cells (Fig. 4C and D). These results suggest that ERK may be
associated with MESC-induced DRS to induce apoptosis in
MC-3 cells.

Discussion

Naturally-occurring products derived from plants are an abun-
dant source of bioactive constituents that have been important
in pharmacology to date. Smilax china L., a common Chinese
medicine, has been extensively used for the clinical treat-
ment of syphilis, acute bacillary dysentery, chronic nephritis
and cancer. A previous study reported that Smilax china L.
exhibited a significant antitumor effect through cell cycle
arrest and apoptotic induction in HeLa human cervix carci-
noma cells (11). In addition, G1/S cycle arrest and induction of
apoptosis have been shown to act as molecular mechanisms of
antiproliferative activitiy associated with Smilax china L. (12).
However, the anticancer activity of Smilax china L. in MEC
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Figure 4. The association between ERK1/2 signaling and MESC-induced apoptosis in MC-3 cells. MC-3 cells were treated with dimethylsulfoxide (vehicle
control) or various doses of MESC (25, 50 and 100 pzg/ml) for 24 h. (A and B) Proteins were extracted to analyze p-ERK, ERK, p-JNK, JNK, p-p38 and p38
expression by western blot analysis. Protein levels were normalized to actin. The expression of p-ERK proteins was confirmed in triplicate with columnar
graphs representing the mean + SD. "P<0.05, vs. the vehicle control group. (C) Following treatment of the cells with 10 xM ERK inhibitor in the absence or
presence of 50 ug/ml MESC for 24 h, p-ERK, ERK and DRS5 expression was analyzed by western blot analysis. (D) Fluorescence microscopy images of the
DAPI-stanined MC-3 cells. The apoptotic cells were counted and the data are presented as the mean + SD of triplicate experiments; "P<0.05, vs. the MESC
treatment group. ERK, extracellular signal-regulated kinase; MESC, methanol extract of Smilax china L.; JNK, c-Jun N-terminal kinase; SD, standard devia-

tion; DR, death receptor.

remains poorly understood. Thus, the present study aimed to
explain the ability of Smilax china L. to induce apoptosis and a
number of molecular mechanisms. In the present study, MESC
was found to decrease cell viability and induce apoptosis in
the MC-3 human MEC cell line. Apoptosis is an important
mechanism by which the majority of current anticancer agents
induce cancer cell death (17). The specific apoptotic pathway
activated by an anticancer drug is important not only for
predicting its efficacy but also for gaining insight for improved
design of therapeutic trials. Therefore, results of the present
study suggest that MESC may represent a drug candidate by
inducing apoptosis in MC-3 cells.

Apoptosis is tightly regulated by anti-apoptotic and
pro-apoptotic molecules, including proteins of the Bcl-2
family (18,19). Therefore, the present study investigated
the contribution of Bcl-2 protein family members to
MESC-induced apoptosis. Results revealed that MESC
resulted in an increase in t-Bid and Bim protein expression,
whereas the expression of other family members was not
altered. t-Bid and Bim are associated with the mitochondrial
outer membrane and are able to disrupt the MMP, resulting
in apoptosis in cancer cells. A JC-1 assay was performed to
detect the MMP in the present study. The results indicated
that MESC significantly damaged MMP, suggesting that the
ability of MESC to impair MMP may be associated with
MESC-induced apoptosis.

Initiation of apoptosis can be broadly separated into
two major pathways, the DR pathway and the mitochondria
pathway (20). The DR pathway is mediated by interaction
of DRs with their cognate ligands, leading to recruitment

of the Fas-associated death domain protein and activation
of caspase-8. A number of studies have demonstrated the
upregulation of DRs by naturally-occurring chemicals to
initiate apoptosis (21-23). In the present study, MESC was
found to activate caspase-8, indicating that MESC-induced
apoptosis may be associated with the extrinsic pathway. Thus,
the expression patterns of DR4 and 5 were analyzed and the
results demonstrated that MESC upregulated DRS5 protein
levels in a dose-dependent manner, while DRS mRNA levels
were unchanged. To gain insight into the potential mechanism
of MESC regulation of DRS5 protein expression, the protein
synthesis inhibitor, CHX, was used. Results revealed that
co-treatment of CHX and MESC significantly enhanced
MESC induction of DR5 protein expression compared with
CHX treatment only, suggesting that MESC significantly
improves DRS protein stability in MC-3 cells.

MAPK is important in regulating cell proliferation and
cell survival in response to growth stimulation and stress (24).
Modulation of the MEK/ERK pathway is associated with
specific cellular responses, including regulation of the cell
cycle, cell proliferation and apoptosis (25,26). Recently, our
group also reported that phenethyl isothiocyanate, from
cruciferous vegetables, regulates ERK1/2 or p38, modifying
DRs for apoptosis in a number of cancer cell types (27,28).
These observations suggest that natural products may affect
the MAPK pathway to activate the extrinsic apoptotic
pathway. In the present study, MESC was similarly shown
to significantly inactivate the ERK pathway whilst the ERK
inhibitor (PD980589) potentiated MESC-induced apoptosis
through the induction of DRS. These data are consistent with
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previous reports that ERK may be the upstream target of DRS
protein (29,30).

In conclusion, the present study demonstrates that MESC
decreases cell viability and induces apoptosis in MC-3 human
oral MEC cells. These observations are accompanied by the
increase of DRS5 through enhanced protein stability, to induce
t-Bid and Bim. In addition, MESC inactivates ERK signaling
to induce apoptotic cell death. Therefore, this study markedly
suggests that Smilax china L. may be a potential chemothera-
peutic agent against MEC cells and that ERK inhibition may
act as an effective molecule for Smilax china L.-induced
apoptosis.
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