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Gypenosides induce cell death and alter gene
expression in human oral cancer HSC-3 cells
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Abstract. Gypenosides (Gyp), the primary components
of Gynostemma pentaphyllum Makino, have long been
used as a Chinese herbal medicine. In the present study,
the effects of Gyp on cell viability, the cell cycle, cell
apoptosis, DNA damage and chromatin condensation were
investigated in vitro using human oral cancer HSC-3 cells.
The results of the present study indicated that Gyp induces
cell death, G2/M phase arrest and apoptosis in HSC-3 cells
in a dose-dependent manner. It was also demonstrated
that Gyp decreased the depolarization of mitochondrial
membrane potential in a time-dependent manner. A cDNA
microarray assay was performed and the results indicated
that a number of genes were upregulated following Gyp
treatment. The greatest increase was a 75.42-fold increase
in the expression of GTP binding protein in skeletal muscle.
Levels of the following proteins were also increased by
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Gyp: Serpine peptidase inhibitor, clade E, member 1 by
20.25-fold; ras homolog family member B by 18.04-fold,
kelch repeat and BTB domain containing 8 by 15.22-fold;
interleukin 11 by 14.96-fold; activating transcription factor 3
by 14.49-fold; cytochrome P450, family 1 by 14.44-fold;
ADP-ribosylation factor-like 14 by 13.88-fold; transfer
RNA selenocysteine 2 by 13.23-fold; and syntaxin 11 by
13.08-fold. However, the following genes were down-
regulated by GYP: Six-transmembrane epithelial antigen of
prostate family member 4, 14.19-fold; y-aminobutyric acid A
receptor by 14.58-fold; transcriptional-regulating factor 1 by
14.69-fold; serpin peptidase inhibitor, clade B, member 13
by 14.71-fold; apolipoprotein L 1 by 14.85-fold; follistatin
by 15.22-fold; uncharacterized LOC100506718; fibro-
nectin leucine rich transmembrane protein 2 by 15.61-fold;
microRNA 205 by 16.38-fold; neuregulin 1 by 19.69-fold;
and G protein-coupled receptor 110 by 22.05-fold. These
changes in gene expression illustrate the effects of Gyp at
the genetic level and identify potential targets for oral cancer
therapy.

Introduction

Oral cancer is a major cause of cancer-associated mortality
in humans worldwide and the fifth most prevalent cause of
cancer-associated mortality in Taiwanese males (1). Chewing
the betel nut, a popular practice in Taiwan, has been recognized
as a major factor contributing to oral cancer development (2).
The current treatments available for oral cancer include
surgery, radiotherapy, chemotherapy and a combination of
radiotherapy and chemotherapy (3); however, these therapies
induce numerous side effects. Investigators have therefore
shifted their attention to developing chemotherapeutic agents
derived from natural sources. At present, plant-derived
anti-cancer drugs clinically used to treat patients with cancer
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include Taxol® (paclitaxel) and Taxol derivatives, which are
synthesized from Taxus brevifolia (4,5).

The primary components of Gypenosides (Gyp) are
extracted from Gynostemma pentaphyllum (Thunb.) Makino
(Cucurbitaceae). This plant has been used as a traditional
Chinese medicine for many years and has been found to exhibit
biological activities including antioxidant effects, preven-
tion of cardiovascular disease and antitumor activity (6,7).
Numerous studies have reported that Gyp treatment exhibits
positive effects in the treatment of cardiovascular disease (8),
hypolipoproteinemia (9,10), hepatitis (11) and cancer (12).
Furthermore, it has been demonstrated that Gyp induces
cell death and apoptosis in human hepatoma Hep3B (7) and
Huh7 (13) cells, prostate cancer PC-3 cells (14), tongue cancer
SCC4 cells (15) and murine leukemia WEHI-3 cells (16). It
has been reported that Gyp induces cardiotonic and central
inhibitory effects in rats and functions by inhibiting the
microsomal Na(+) and K(+)-ATPase activities of the heart and
brain (17). Furthermore, Gyp induces cell apoptosis via mito-
chondria-dependent pathways and the activation of caspase-3
in human colon cancer cells (18).

Recently, it was reported that Gyp induces cell cycle
arrest and apoptosis in human liver cancer A549 cells, most
likely via the p53-independent pathway(s) (19). A number
of studies have identified the potential pathway by which
Gyp induces cytotoxic effects on cancer cells; however, the
molecular mechanisms underlying its anti-cancer activity
remain unclear. Furthermore, to the best of our knowledge,
there have been no studies investigating the effects of Gyp
on human oral cancer cells. Thus, the aim of the present
study was to investigate the effects of Gyp on human oral
cancer HSC-3 cells in vitro and the mechanisms underlying
the association between the induction of cell cycle arrest and
apoptosis with gene expression.

Materials and methods

Chemicals, reagents and cell culture. Gyp was extracted
from Gynostemma pentaphyllum Makino that was provided
by Professor Jung-Chou Chen (China Medical University,
Taichung, Taiwan) as described previously (18). Dimethyl
sulfoxide (DMSO), Tris-HCI, propidium iodide (PI), trypan
blue, Triton X-100, ribonuclease-A, penicillin-streptomycin
and trypsin-EDTA were all purchased from Sigma-Aldrich;
Merck KGaA (Darmstadt, Germany). DiOCy and
4',6-diamidino-2-phenylindole (DAPI) were purchased from
Invitrogen; Thermo Fisher Scientific, Inc. (Waltham, MA,
USA). Dulbecco's modified Eagle's medium (DMEM) and
fetal bovine serum (FBS) were purchased from Gibco; Thermo
Fisher Scientific, Inc.

Cell culture. The human oral squamous cell carcinoma
HSC-3 cell line was purchased from the Food Industry
Research and Development Institute (Hsinchu, Taiwan).
Cells were cultured in DMEM containing 10% FBS and
1% penicillin-streptomycin (100 U/ml penicillin, 100 pg/ml
streptomycin) in 75T tissue culture flasks, dispensed into new
flasks every 2 to 3 days and all cells were cultured at 37°C
in a humidified atmosphere containing 5% CO,, as described
previously (20-22).
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Assessment of viability. HSC-3 cells (5x10* cells/well) were
maintained in 12-well plates for 24 h at 37°C in a humidified
atmosphere containing 5% CO, and subsequently incubated
with 0, 60,90, 120, 150 or 180 pg/ml Gyp for 12,24,48 or 72 h.
Control cells were treated with DMSO alone. Following incu-
bation, cells were harvested and stained with propidium iodide
(PI, 5 pg/ml). Cell viability was assessed using CellQuest™
(version 5.2.1; BD Biosciences, San Jose, CA, USA) and flow
cytometry (BD Biosciences) following a previously described
protocol (20,21).

Cell cycle and sub-Gl examined by flow cytometry. HSC-3
cells (5x10* cells/well) in the 12-well plate were incubated with
0 or 120 ug/ml Gyp for 6, 12, 24,48 and 72 h at 37°C in a
humidified atmosphere containing 5% CO, and subsequently
collected for cell cycle distribution assays. The percentage of
cells in the sub-Gl (apoptosis), GO/G1, S- and G2/M phases
were measured using ModFit LT software (version 3.0;
BD Biosciences) and flow cytometry (BD Biosciences), as
described previously (20,21,23).

DAPI staining. HSC-3 cells (5x10* cells/well) in a 12-well plate
were treated with 0, 60, 90, 120, 150 or 180 ug/ml Gyp at 37°C
for 24 h, stained with DAPI (37°C, 15 min) and assessed using
fluorescence microscopy as described previously (20,21).

Comet assay. HSC-3 cells (5x10* cells/well) were treated with
0, 60, 90, 120, 150 or 180 ug/ml Gyp at 37°C for 24 h and
subsequently harvested to examine the DNA damage with the
Comet assay kit (Trevigen, Inc., Gaithersburg, MD, USA) as
described previously (20,21).

Detection of mitochondrial membrane potential (A¥,,). HSC-3
cells (5x10* cells/well) were treated with 120 ug/ml Gyp at
37°C for 0.25,0.5, 1, 3,6, 12, 24 and 48 h. Cells were collected
from each treatment, washed twice with PBS, re-suspended
in 500 pl DiOC4 (4 mol/l) and incubated at 37°C for 30 min.
Levels of AW, were assessed using CellQuest™ (version 5.2.1;
BD Biosciences) by flow cytometry (BD Biosciences) as
described previously (20,21).

cDNA microarray assay used for gene expression in HSC-3
cells following exposure to Gyp. HSC-3 cells (5x10* cells/well)
were maintained in a 12-well culture plate in DMEM medium
for 24 h and subsequently incubated with 0 or 120 pg/ml Gyp
for 24 h at 37°C. Following incubation, cells were collected
from the control and Gyp treated-groups and total RNA was
extracted using the Qiagen RNeasy Mini kit (P/N 74104;
Qiagen Inc., Valencia, CA, USA) and quantity and purity
were assessed at 260 and 280 nm using a spectrophotom-
eter (Nanodrop 1000; Thermo Fisher Scientific, Inc.) (24).
Total RNA was used to perform cDNA reverse transcrip-
tion, synthesis, amplification, fragmentation and terminal
labeling with the GeneChip WT Sense Target Labeling and
Control reagents (Qiagen, Inc.). Labeling and microarray
hybridization were performed on the chip (Affymetrix
GeneChip Human Gene 1.0 ST array; Affymetrix, Inc.,
Santa Clara, CA, USA) as previously described (24). The
resulting localized concentrations of fluorescent molecules
on the chip were further detected and quantified using an
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Figure 1. Gyp decreased the percentage of viable cells in human oral cancer
HSC-3 cells. Cells were treated with 0, 60, 90, 120, 150 and 180 ug/ml Gyp
for 12,24, 48 and 72 h and cell viability was assessed using flow cytometry.
Data are presented as the mean + standard deviation. Gyp, Gypenosides.

Affymetrix GeneChip® Scanner 3000 (Affymetrix; Thermo
Fisher Scientific, Inc.). The data were further analyzed using
Expression Console software version 1.1.2 (Affymetrix;
Thermo Fisher Scientific, Inc.) with default RMA param-
eters (24). Upregulated and downregulated gene expression
in HSC-3 cells following exposure to Gyp were examined
and changes of =2-fold were recorded, with +signifying
upregulation and -signifying downregulation.

GeneGo analysis. The list containing the 2,992 unique Gyp,
complete with Affymetrix transcript identifiers, was uploaded
onto GeneGo MetaCore™ software (version 5.0; GeneGo,
Inc., St. Joseph, MI, USA). GeneGo recognizes the Affymetrix
identifiers and maps the Gyp to the MetaCore™ data analysis
suite, generating maps to describe common pathways or
molecular connections between Gyp on the list. Graphical
representations of the molecular relationships between genes
were generated using the GeneGo pathway analysis (24).

Statistical analysis. All results are expressed as the
mean + standard deviation. Statistical analysis was performed
using an unpaired Student's t-test and SigmaPlot version 10.0
(Systat Software, Inc., San Jose, CA, USA). P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Gyp affects the viability of HSC-3 cells. Following incubation
with various concentrations of Gyp (0, 60, 90, 120, 150 and
180 pug/ml) for 12, 24,48 and 72 h, HSC-3 cells were collected
for PI staining and to measure cell viability using flow cytom-
etry. The results indicated that cell viability decreased in a
time- and dose-dependent manner compared with control
(untreated) cells (Fig. 1).

Gyp affects cell cycle arrest and apoptosis in HSC-3 cells.
The results indicated that 48-72 h Gyp treatment (120 ug/ml)
induced a decrease in the percentage of cells in the GO/G1
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Figure 2. Gyp affects the cell cycle in human oral cancer HSC-3 cells.
Cells were exposed to 120 pg/ml Gyp for 0, 6, 12, 24, 48 and 72 h, and
subsequently underwent analysis of (A) cell cycle distribution and (B) the
proportion of cells in the sub-G1 phase (apoptotic cells) via flow cytometry.
Data are presented as the mean + standard deviation. “P<0.01 vs. C. Gyp,
Gypenosides; C, control cells.

(enhanced GO/GI1 peak) and S-phases and an increase in the
percentage of cells in the G2/M phase (Fig. 2A). Cells treated
with 120 ug/ml Gyp for 6-72 h contained a significantly higher
percentage of apoptotic cells in the sub-Gl1 phase compared
with the control group (P<0.01; Fig. 2B). Cells in the sub-G1
phase are apoptotic (25); therefore treatment with 120 pg/ml
Gyp induced apoptosis in HSC-3 cells.

Gyp induces chromatin condensation in HSC-3 cells. HSC-3
cells were treated with various concentrations of Gyp (0, 60,
90, 120, 150 and 180 pg/ml) for 24 h and stained with DAPI.
The results demonstrated that Gyp markedly induced chro-
matin condensation (cell apoptosis) in HSC-3 cells in a dose
dependent manner based on the images obtained via fluores-
cent microscopy (Fig. 3). Gyp induced nuclear condensation
and the incorporation of labeled nucleotide into the DNA,
indicating apoptosis, whereas control cells were negative for
DAPI staining.
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Figure 3. Gyp induces chromatin condensation in human oral cancer HSC-3 cells. Cells were exposed to 0, 60, 90, 120, 150 and 180 ug/ml Gyp for 24 h,
harvested and stained with 6-diamidino-2-phenylindole. Cells were examined and photographed using a fluorescence microscope (magnification, x200). Gyp,
Gypenosides; C, control cells.
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Figure 4. Gyp induces DNA damage in human oral cancer HSC-3 cells. Cells were exposed to 0, 60,90, 120, 150 and 180 ug/ml Gyp for 24 h and harvested. DNA
damage was examined by Comet assay. Cells were examined and photographed using a fluorescence microscope (magnification, x200). Gyp, Gypenosides;
C, control cells.

Gyp induces DNA damage in HSC-3 cells. HSC-3 cells were  the Comet assay. In cells with damaged DNA, a Comet assay
treated with various concentrations of Gyp (0, 60, 90, 120, 150  will show longer comet tails (26). The results indicated that
or 180 pg/ml) for 24 h and DNA damage was assessing using  Gyp induced marked DNA damage in HSC-3 cells based on
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Table I. Number of genes by the fold-change in HSC3 cells
treated with gypenosides.

Fold-change Number of genes Total
=20 2 953
=10 and <20 18
=5 and <10 62
>4 and <5 56
=3 and <4 139
>2 and <3 676
>-3 and =-2 1,358 2,039
>-4 and =<-3 382
>-5 and <-4 143
>-10 and =-5 133
>-20 and =-10 22
<-20 1
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Figure 5. Gyp induced changes in the mitochondrial membrane potential in
human oral cancer HSC-3 cells. Cells were treated with 120 yg/ml Gyp for
0.25,0.5,1, 3,6, 12,24 and 48 h, collected and stained with DiOC,. Data are
presented as the mean + standard deviation. "P<0.05, “P<0.01 vs. C. Gyp,
Gypenosides; C, control cells.

the production of the comet tail (Fig. 4). Higher concentrations
of Gyp led to greater DNA damage, as indicated by the pres-
ence of longer comet tails (Fig. 4).

Gyp decreases the AY¥,, in HSC-3 cells. HSC-3 cells were
treated with 120 pg/ml Gyp for 0, 0.25,0.5, 1, 3, 6, 12, 24
and 48 h. The levels of AW, production were analyzed and
quantified using flow cytometry. Levels of AW, were
significantly decreased in HSC-3 cells treated with Gyp
(P<0.05; Fig. 5) and this decrease occurred in a time-
dependent manner.

Gyp affects gene expression in HSC-3 cells in vitro. HSC-3
cells were treated with or without 120 ug/ml Gyp and
subsequently underwent cDNA microarray analysis of
gene expression. A total of 953 genes upregulated =2-fold,
20 genes were upregulated =10-fold and 118 genes were
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upregulated between 4 and 10-fold (Table I). By contrast,
2,039 genes were downregulated =2-fold, 23 genes were
downregulated >10-fold and 276 genes were downregulated
between 4 and 10-fold (Table I). Genes in HSC-3 cells that
were highly influenced by Gyp treatment in vitro are listed in
Table II. Among those affected genes, 10 were upregulated
>13-fold as follows: GTP binding protein overexpressed in
skeletal muscle (GEM), serpin peptidase inhibitor clade E
member 1 (SERPINEI), ras homolog family member B
(RHOB), kelch repeat and BTB domain containing 8
(KBTBDS), interleukin (IL)/1, activating transcription factor
(ATF)3, cytochrome P450 family 1, subfamily A, member 1
(CYPIAI), ADP-ribosylation factor-like 14 (ARLI4), transfer
RNA selenocysteine 2 (TRNAU2), and syntaxin 11 (STX11).
However, the following 10 genes were downregulated
>14-fold: Six transmembrane epithelial antigen of pros-
tate family member 4 (STEAP4), y-aminobutyric acid A
receptor ¢ (GABRE), serpin peptidase inhibitor clade B,
member 13 (SERPINBI3), transcriptional-regulating factor 1
(TRERF1I), apolipoprotein L1 (APOLI), follistatin (FST),
LOC100506718, microRNA (MIR)205, neuregulin (NRG)I
and G protein-coupled receptor (GPR)I10.

Gyp treated HSC-3 cells demonstrates the top alteration in
gene expression scored by the number of pathway networks.
GeneGo analysis is presented in Figs. 6-8. Experimental
data were mapped on the processes. Upregulation was
marked as red and downregulation was marked as blue
circles of different intensities, which indicated the different
levels of inhibition in HSC-3 cells following incubation
with Gyp (120 pg/ml) in vitro. Fig. 6 represents the top
scored network from Gyp (120 ug/ml) vs. control using the
Analyze Networks (AN) algorithm, Fig. 7 represents second
scored AN network from Gyp (120 ug/ml) vs. control and
Fig. 8 represents the third scored AN network from Gyp
(120 pug/ml) vs. control.

Discussion

It has been reported that Gyp has anti-inflammatory (27),
antithrombotic (28), antioxidative (27) and anticancer (29-32)
properties. Furthermore, Gyp induces apoptosis in human
hepatoma cells via the upregulation of Bax and Bcl-2 homolo-
gous antagonist/killer, and downregulation of Bcl-2 to induce
mitochondrial cytochrome c release and activation of the
caspase cascade (31). It has been reported that Gyp induces
apoptosis via the mitochondria-dependent pathway in human
colon cancer COLO 205 cells (15). Furthermore, Gyp inhibits
cell migration in human colon cancer SW620 and esophageal
cancer Eca-109 cells (33). A previous study by the present
authors demonstrated that Gyp induced GO/G1 arrest via the
checkpoint kinase (Chk)2 pathway and induced apoptosis in
human tongue cancer SCC-4 cells via endoplasmic reticulum
stress and the mitochondria-dependent pathway (15). However,
to the best of our knowledge, there have been no studies iden-
tifying the effects of Gyp on human oral cancer HSC-3 cells
and its effects on gene expression. In the present study, the
effects of Gyp on human oral cancer HSC-3 cells were studied
and it was demonstrated that Gyp decreased the percentage
of viable HSC-3 cells, increased GO/G1 phase arrest and
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Table II. Representative genes in HSC3 cells treated with gypenosides.

Probe set ID Gene symbol Fold-change

Gene description

GTP binding protein overexpressed in skeletal muscle
Serpin peptidase inhibitor, clade E (nexin, plasminogen activator

inhibitor type 1), member 1

Ras homolog family member B

Kelch repeat and BTB domain containing 8

Interleukin 11

Activating transcription factor 3

Cytochrome P450, family 1, subfamily A, polypeptide 1
ADP-ribosylation factor-like 14

Transfer RNA selenocysteine 2 (anticodon UCA)

Syntaxin 11

Six transmembrane epithelial antigen of prostate family member 4
y-aminobutyric acid A receptor €; microRNA 452; microRNA 224
Serpin peptidase inhibitor, clade B (ovalbumin), member 13
Transcriptional regulating factor 1

Apolipoprotein L, 1

Follistatin

Uncharacterized LOC100506718; fibronectin leucine rich

transmembrane protein 2

8151816 GEM 7542
8135069 SERPINEI 20.25
8040473 RHOB 18.04
8080911 KBTBDS 15.22
8039484 IL11 14.96
7909610 ATF3 14.49
7990391 CYPIALl 14.44
8083743 ARL14 13.88
8073680 TRNAU2 13.23
8122457 STX11 13.08
8140840 STEAP4 -14.19
8175683 GABRE -14.58
8021603 SERPINB13 -14.69
8126428 TRERF1 -14.71
8072735 APOLL1 -14.85
8105302 FST -15.22
7976073 LOC100506718 -15.61
7909422 MIR205 -16.38
8145766 NRG1 -19.69
8126820 GPRI110 -22.05

MicroRNA 205
Neuregulin 1
G protein-coupled receptor 110

decreased the number of HSC-3 cells in the G2/M phase. It
was also determined that Gyp induced chromatin condensa-
tion and DNA damage in HSC-3 cells and decreased the AW,,,.
These results suggest that Gyp induces cytotoxic effects in
human oral cancer HSC-3 cells, which is in accordance with a
previous study by the present authors demonstrating that Gyp
induced cytotoxic effects in human oral cancer SCC-4 cells
in vitro (15). Although a number of studies have demonstrated
that Gyp induces cytotoxic effects including cell cycle arrest
and apoptosis in human cancer cell lines, to the best of our
knowledge, no studies exist determining how Gyp affects gene
expression in human oral cancer cells. In the present study,
gene expression in human oral HSC-3 cancer cells was exam-
ined following exposure to Gyp. The results demonstrated that
953 genes were markedly upregulated and 2039 genes were
markedly downregulated.

The highest increase in gene expression observed was
75.42-fold in GEM, while SERPINE] was increased 20.25-fold,
RHOB was increased 18.04-fold, KBTBDS&8 was increased
15.22-fold, IL11 was increased 14.96-fold, ATF3 was increased
14.49-fold, CYPIAI was increased 14.44-fold, ARLI4 was
increased 13.88-fold, TRANU?2 was increased 13.23-fold and
STX11 was increased 13.08-fold. However, STEA P4 expression
was decreased 14.19-fold, GABRE was decreased 14.58-fold,
SERPINBI3 was decreased 14.69-fold, TRERF was decreased
14.71-fold, APOLI was decreased 14.85-fold, FST was decreased
15.22-fold, LOC100506718 was decreased 15.61-fold, MIR205
was decreased 16.38-fold, NRG1 was decreased 19.69-fold and
GPR110 was decreased 22.05-fold.

The results of the GeneGo analysis indicated that Gyp
affects gene expression in human oral cancer HSC-3 cells
in vitro. Gyp affects the expression of genes, such as increasing
the expression of insulin-like growth factor-1 receptor, which
is highly expressed in cancer (34), increasing plasminogen
activator urokinase signaling, which mediates Treg suppressor
function via signal transducer and activator of transcription
5 and extracellular signal-related kinase signaling path-
ways (35), and increasing integrin outside-in signaling (36).
It has previously been reported that during outside-in
signaling, the binding of intracellular adhesion molecule-1 to
lymphocyte function-associated antigen 1 is able to trigger
the transmission of signals from the extracellular space into
the cytoplasm and alter gene expression and cellular metabo-
lism (37), thus increasing ErbB-family signaling. It has been
reported that following ligand binding to the ErbB receptor
extracellular domain, signal transduction occurs, promoting
hetero- or homo-dimerization amongst family members (38)
and stimulating epidermal growth factor (EGF) signaling
pathways. Furthermore, it has been determined that activation
of EGF receptor by EGF stimulates various signal transduc-
tion pathways to induce cell mitogenesis and survival, and
also increases Ezrin levels (39,40). Ezrin, Radixin and Moesin
have been reported to serve as scaffolds on the actin microfila-
ments to integral membrane proteins in mammalian cells for
signaling molecules to regulate cell migration, proliferation,
adhesion, and polarity (41,42). In the present study, Gyp also
affected the expression of genes associated with the regulation
of the G2/M checkpoint by ATM/ATR. Gyp increased the
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expression of p21, cyclin A, cyclin B, breast cancer 1 (BRCA1),
nuclear factor with BRCA1 C-terminal domain 1, 14-3-3 and
growth arrest and DNA-damage-inducible protein, but reduced
the expression of ATM, ataxia telangiectasia and Rad3 related
protein, Chk, mitogen-activated protein kinase 14, M-phase
inducer phosphatase 3, polo like kinase 3, tumor protein p53,
cyclin dependent kinase 1 and Weel, leading to G2/M arrest.

In conclusion, the present study demonstrated that the
expression of genes in HSC-3 cells associated with DNA
damage and repair, cell cycle checkpoints, cell proliferation
and cell metastasis were affected by Gyp treatment. Identifying
which genes were upregulated and which were downregulated
provides information about the possible signaling pathways
and complex interactions underlying the cytotoxic mecha-
nisms of Gyp at the genetic level.

Acknowledgements

The present study was supported by a grant
(no. ASIA104-CMUH-05) from the Asia University, Taiwan.

References

1. Ministry of Health and Welfare: The cancer mortality report of
the Department of Health, Taiwan. 2014, http://www.pitt.edu/~s
uper7/49011-50001/49111-49121.pdf

2. Tsai WC, Chen CY, Kuo HF, Wu MT, Tang WH, Chu CS, Lin TH,
Su HM, Hsu PC, Jhuo SJ, et al: Areca nut chewing and risk of
atrial fibrillation in Taiwanese men: A nationwide ecological
study. Int J Med Sci 10: 804-811, 2013.

3. Shah JP and Gil Z: Current concepts in management of oral
cancer-surgery. Oral Oncol 45: 394-401, 2009.



2476

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Lilenbaum RC and Green MR: Novel chemotherapeutic agents
in the treatment of non-small-cell lung cancer. J Clin Oncol 11:
1391-1402, 1993.

. Pezzuto JM: Plant-derived anticancer agents. Biochem

Pharmacol 53: 121-133, 1997.

. Circosta C, De Pasquale R and Occhiuto F: Cardiovascular

effects of the aqueous extract of Gynostemma pentaphyllum
Makino. Phytomedicine 12: 638-643, 2005.

. Tsai YC, Lin CL and Chen BH: Preparative chromatography of

flavonoids and saponins in Gynostemma pentaphyllum and their
antiproliferation effect on hepatoma cell. Phytomedicine 18:
2-10, 2010.

. Purmova J and Opletal L: Phytotherapeutic aspects of diseases of

the cardiovascular system. 5. Saponins and possibilities of their
use in prevention and therapy. Ceska Slov Farm 44: 246-251,
1995 (In Czech).

. la Cour B, Mglgaard P and Yi Z: Traditional Chinese medicine

in treatment of hyperlipidaemia. J Ethnopharmacol 46: 125-129,
1995.

Yu R, Wang DS and Zhou H: Clinical and experimental study
on effects of yinchen wuling powder in preventing and treating
hyperlipoproteinemia. Zhongguo Zhong Xi Yi Jie He Za Zhi 16:
470-473, 1996 (In Chinese).

Lin CC,Huang PC and Lin JM: Antioxidant and hepatoprotective
effects of Anoectochilus formosanus and Gynostemma
pentaphyllum. Am J Chin Med 28: 87-96, 2000.

Hou J, Liu S, Ma Z, Lang X, Wang J, Wang J and Liang Z:
Effects of Gynostemma pentaphyllum Makino on the immuno-
logical function of cancer patients. J Tradit Chin Med 11: 47-52,
1991.

Wang QF, Chiang CW, Wu CC, Cheng CC, Hsieh SJ, Chen JC,
Hsieh YC and Hsu SL: Gypenosides induce apoptosis in human
hepatoma Huh-7 cells through a calcium/reactive oxygen
species-dependent mitochondrial pathway. Planta Med 73:
535-544,2007.

Cheng TC, Lu JF, Wang JS, Lin LJ, Kuo HI and Chen BH:
Antiproliferation effect and apoptosis mechanism of prostate
cancer cell PC-3 by flavonoids and saponins prepared from
Gynostemma pentaphyllum.J Agric Food Chem 59: 11319-11329,
2011.

Chen JC, Lu KW, Tsai ML, Hsu SC, Kuo CL, Yang JS, Hsia TC,
Yu CS, Chou ST, Kao MC, et al: Gypenosides induced GO/G1
arrest via CHk2 and apoptosis through endoplasmic reticulum
stress and mitochondria-dependent pathways in human tongue
cancer SCC-4 cells. Oral Oncol 45: 273-283, 2009.

Hsu HY, Yang JS, Lu KW, Yu CS, Chou ST, Lin JJ, Chen YY,
Lin ML, Chueh FS, Chen SS and Chung JG: An experimental
study on the antileukemia effects of gypenosides in vitro and
in vivo. Integr Cancer Ther 10: 101-112, 2011.

Han XY, Wei HB and Zhang FC: Analysis of the inhibitory effect
of gypenoside on Na(+), K (+)-ATPase in rats' heart and brain and
its kinetics. Chin J Integr Med 13: 128-131, 2007.

Chen JC, Lu KW, Lee JH, Yeh CC and Chung JG: Gypenosides
induced apoptosis in human colon cancer cells through the
mitochondria-dependent pathways and activation of caspase-3.
Anticancer Res 26: 4313-4326, 2006.

LiuJS, Chiang TH, Wang JS, Lin LJ, Chao WC, Inbaraj BS, Lu JF
and Chen BH: Induction of p53-independent growth inhibition in
lung carcinoma cell A549 by gypenosides. J Cell Mol Med 19:
1697-1709, 2015.

Chiu CH, Chou YC, Lin JP, Kuo CL, Lu HF, Huang YP, Yu CC,
Lin ML and Chung JG: Chloroform extract of solanum lyratum
induced GO/G1 arrest via p21/pl6 and induced apoptosis via
reactive oxygen species, caspases and mitochondrial pathways
in human oral cancer cell lines. Am J Chin Med 43: 1453-1469,
2015.

Yu FS, Yu CS, Chen JC, Yang JL, Lu HF, Chang SJ, Lin MW
and Chung JG: Tetrandrine induces apoptosis Via caspase-8, -9
and -3 and poly (ADP ribose) polymerase dependent pathways
and autophagy through beclin-1/ LC3-I, II signaling pathways
in human oral cancer HSC-3 cells. Environ Toxicol 31: 395-406,
2016.

22.

23.
24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.
39.
40.

41.

42.

LU et al: GYPENOSIDES INDUCE CELL DEATH IN HSC-3 CELLS

Chang YM, Velmurugan BK, Kuo WW, Chen YS, Ho TJ,
Tsai CT, Ye CX, Tsai CH, Tsai FJ and Huang CY: Inhibitory
effect of alpinate Oxyphyllae fructus extracts on Ang II-induced
cardiac pathological remodeling-related pathways in H9c2
cardiomyoblast cells. Biomedicine 3: 148-152, 2013.

Ho TF and Chang CC: A promising ‘TRAIL’ of tanshinones for
cancer therapy. Biomedicine (Taipei) 5: 23, 2015.

Wu SH, Hsiao YT, Chen JC, Lin JH, Hsu SC, Hsia TC, Yang ST,
Hsu WH and Chung JG: Bufalin alters gene expressions asso-
ciated DNA damage, cell cycle, and apoptosis in human lung
cancer NCI-H460 cells in vitro. Molecules 19: 6047-6057,
2014.

Tarasov V, Jung P, Verdoodt B, Lodygin D, Epanchintsev A,
Menssen A, Meister G and Hermeking H: Differential regulation
of microRNAs by p53 revealed by massively parallel sequencing:
miR-34a is a p53 target that induces apoptosis and Gl-arrest. Cell
Cycle 6: 1586-1593, 2007.

Olive PL and Banath JP: The comet assay: A method to measure
DNA damage in individual cells. Nat Protoc 1: 23-29, 2006.
LiL,Jiao L and Lau BH: Protective effect of gypenosides against
oxidative stress in phagocytes, vascular endothelial cells and
liver microsomes. Cancer Biother 8: 263-272, 1993.

Tan H, Liu ZL and Liu MJ: Antithrombotic effect of Gynostemma
pentaphyllum.Zhongguo Zhong Xi Yi Jie He Za Zhi 13: 278-280,
261, 1993 (In Chinese).

Hu L, Chen Z and Xie Y: New triterpenoid saponins from
Gynostemma pentaphyllum. J Nat Prod 59: 1143-1145, 1996.
Wang C,Wang X,LiY,Deng S, Jiang Y and Yue L: A preliminary
observation of preventive and blocking effect of Gynostemma
pentaphyllum (Thunb) Makino on esophageal cancer in rats. Hua
Xi Yi Ke Da Xue Xue Bao 26: 430-432, 1995 (In Chinese).
Wang QF, Chen JC, Hsieh SJ, Cheng CC and Hsu SL: Regulation
of Bcl-2 family molecules and activation of caspase cascade
involved in gypenosides-induced apoptosis in human hepatoma
cells. Cancer Lett 183: 169-178, 2002.

Zhou Z, Wang Y and Zhou Y: The effect of Gynostemma
pentaphyllum mak (GP) on carcinogenesis of the golden hamster
cheek pouch induced by DMBA. Zhonghua Kou Qiang Yi Xue
Za Zhi 31: 267-270, 1996 (In Chinese).

Yan H, Wang X, Wang Y, Wang P and Xiao Y: Antiproliferation
and anti-migration induced by gypenosides in human colon
cancer SW620 and esophageal cancer Eca-109 cells. Hum Exp
Toxicol 33: 522-533, 2014.

Jamitzky S, Krueger AC, Janneschuetz S, Piepke S,
Kailayangiri S, Spurny C, Rossig C and Altvater B: Insulin-like
growth factor-1 receptor (IGF-1R) inhibition promotes expan-
sion of human NK cells which maintain their potent antitumor
activity against Ewing sarcoma cells. Pediatr Blood Cancer 62:
1979-1985, 2015.

He F, Chen H, Probst-Kepper M, Geffers R, Eifes S, Del Sol A,
Schughart K, Zeng AP and Balling R: PLAU inferred from a
correlation network is critical for suppressor function of regula-
tory T cells. Mol Syst Biol 8: 624,2012.

Legate KR, Wickstrom SA and Fissler R: Genetic and cell
biological analysis of integrin outside-in signaling. Genes
Dev 23: 397-418, 2009.

Luo BH, Carman CV and Springer TA: Structural basis of integrin
regulation and signaling. Annu Rev Immunol 25: 619-647, 2007.
Sanchez-Soria P and Camenisch TD: ErbB signaling in cardiac
development and disease. Semin Cell Dev Biol 21: 929-935,2010.
Lemmon MA and Schlessinger J: Cell signaling by receptor
tyrosine kinases. Cell 141: 1117-1134, 2010.

Mitsudomi T and Yatabe Y: Epidermal growth factor receptor
in relation to tumor development: EGFR gene and cancer. FEBS
J277: 301-308, 2010.

Fehon RG, McClatchey Al and Bretscher A: Organizing the cell
cortex: The role of ERM proteins. Nat Rev Mol Cell Biol 11:
276-287, 2010.

Neisch AL and Fehon RG: Ezrin, Radixin and Moesin: Key
regulators of membrane-cortex interactions and signaling. Curr
Opin Cell Biol 23: 377-382, 2011.



