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Compound K, a metabolite of ginseng saponin, induces
apoptosis of hepatocellular carcinoma cells through the
mitochondria-mediated caspase-dependent pathway
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Abstract: Compound K (20-O-beta-d-glucopyranosyl-20(S)-protopanaxadiol, CK), an intestinal bacterial metabolite
of ginseng protopanaxadiol saponins, has been shown to possess the potential ability in preventing tumor develop-
ment and suppressing cancer growth. However, the exact mechanism of its antitumorigenic effects is still not clear.
The purpose of this project was to detect whether CK has an anticancer effect on hepatocellular carcinoma (HCC)
cells, and to further explore the possible mechanisms. The Hep-G2 cells and xenograft in nude mice were used as
models to study the anticancer effect of CK. Methylthiazolyldiphenyl-tetrazolium-bromide (MTT) assay showed that
CK significantly inhibited the viabilities of Hep-G2 cells in dose- and time-dependent manners. In addition, flow cy-
tometry analysis showed that CK induced apoptosis and cell cycle arrest in Hep-G2 cells, which possibly accounted
for the antiproliferative effects of CK. Notably, the data in the present research indicated that CK upregulated the
expression of p21°F* and p27¥*L, and downregulated the expression of cyclin D1 and cyclin-dependent kinase 4,
causing a GO/G1 phase arrest, blocking cell cycle progression, and inducing apoptosis in the Hep-G2 cells, which
was mediated by the mitochondrial pathway through a modulation of the ratio of Bcl-2 to Bax. In vivo studies showed
that tumor volume, compared with control group, was reduced dramatically in CK-treated group. Therefore, the pres-
ent study provides new insights that CK may be an potential agents in the prevention or treatment of HCC.
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creases to 20% when distant metastases are
discovered at the time of diagnosis [5, 6]. Apart
HCC is known as a common and aggressive from potentially surgical resection, chemother-
malignant tumor worldwide, and has been one apy, radiochemotherapy and interventional
of the main reasons of cancer-associated mor- therapy may be applied at advanced stages of
tality. Despite the recent advances in the clini- HCC but neither of these can be curative. Thus,
cal management of HCC, the long-term progno- there is a strong demand for new curative

Introduction

sis of patients is poor [1, 2]. In China, estimated
by the World Health Organization (WHO), HCC is
usually secondary to liver cirrhosis, especially
hepatitis B-induced liver cirrhosis. Besides,
HCC is the fourth most common cancer,
accounting for 11.6% of all new-onset malig-
nant tumor in China, and is the second most
fatal cancer with 15.97% of total cancer deaths
[3, 4]. What’s the worse, HCC are particularly
tend to recurrence and distant metastasis,
which have a negative effect on survival rate.
Previous data showed that the survival rate is
evaluated at around 60% after 5 years for
patients without clinical symptoms and de-

approaches to HCC. Chemotherapy plays an
important role in the treatment of cancer, but it
is limited to a significant extent by its toxicities,
significant resistance to available chemothera-
peutic agents and side effects, including throm-
bocytopenia, neutropenia and myelosuppres-
sion [7, 8]. One possible way to increase the
efficacy of anticancer drugs and to decrease
toxicities or side effects is to explore traditional
medicines, especially from chinese medicinal
herb.

CK is a novel ginseng saponin metabolite,
formed from ginsenosides Rbl1, Rb2 and Rc by
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the human intestinal bacteria deglycosylation
[9, 10]. And it has demonstrated such diverse
pharmacological actions as anti-inflammation,
cardiac protection [11], antiallergic, anti-diabet-
ic, anti-angiogenesis [12], anti-aging, hepato-
protective [13] and neuroprotective effects
[14]. Interestingly, Dozens of studies have con-
firmed that CK can inhibit proliferation and
induce apoptosis in a variety of tumors such as
gastric cancer, breast cancer, lung carcinoma,
colon cancer and glioma [15]. For example,
Ming’'s researches reported that CK could
inhibit the metastatic in HCC through the NF-kB
p65 nuclear export and the reduction of
MMP2/9 expression, suggesting that CK may
be a potential cytotoxic drug in the prevention
and treatment of hepatocellular carcinoma
[16]. Besides, Li Yang et al [17]. indicated that
CK could enhance the anti-tumor effects of cis-
platin against pulmonary adenocarcinoma cells
in a pb53-dependent manner, and provided
strong rationale to develop CK as an adjuvant
drug for cisplatin-based lung cancer interven-
tion. However, the anticancer mechanisms of
CK are not clearly clarified, especially in HCC. In
the present study, to determine the potential of
CK as a novel chemotherapeutic drug, we use
human hepatocellular carcinoma cell line Hep-
G2 and the model of human hepatocellular car-
cinoma xenograft in nude mice to clarify the
mechanisms of CK-induced apoptosis, espe-
cially CK’'s possible roles on mitochondria-
dependent pathway in human hepatocellular
carcinoma cells.

Materials and methods
Chemicals and reagents

Cell culture chemicals were obtained from
Invitrogen Company (Burlington, Ontario, Can-
ada). CK was purchased from ApexBio
Technology (Apexbio Technology LLC, Houston,
TX, USA), MTT were obtained from Sigma-
Aldrich (St. Louis, MO, USA), and dissolved in
phosphate-buffered saline (PBS). The antibod-
ies against B-cell lymphoma (Bcl)-2, Bax, cas-
pase-9, caspase-3, PARP, p21°rt p27Krl
CyclinD1, Fas, and Fasl were purchased from
Cell Signaling Technology (Beverly, MA, USA).
Enhanced chemiluminescence (ECL) reagents,
horseradish peroxidase-conjugated anti-rabbit
immnoglobulin (Ig)G and anti-mouse 1gG were
obtained from Santa Cruz Biotechnology (Santa
Cruz, CA, USA).

11147

Cell lines and treatments

Hep-G2 cells were obtained from American
Type Culture Collection (Manassas, VA, USA).
The cells were cultured in Dulbecco’s mo-
dified Eagle’s medium (DMEM; Gibco Life
Technologies, Carlsbad, CA, USA) containing
10% fetal bovine serum (FBS: Hyclone, Logan,
UT, USA), 2 mM L-glutamine, and 100 U/ml pen-
icillin and 100 pg/ml streptomycin ( Sigma-
Aldrich, St. Louis, MO, USA) at 37°Cina 5% CO2
humidified incubator. In all experiments, cells
were used in logarithmic growth phase.

Measurement of cell growth and viabilities

The Hep-G2 cells were seeded at a density of
3000 cells/well into 96-well flat-bottom cell
culture plates (Corning Incorporated, NY, USA)
in medium containing 10% FBS, and the MTT
assay was used to detect the effect of CK on
cell growth. Subsequently, the cells were treat-
ed with 2.5, 5, 10 or 20 umol/l CK for 48 h,
whereas only DMEM medium was added for the
control group. For time course, cells were incu-
bated under similar conditions for variable
times ranging from 24 h to 72 h. Finally, absor-
bance at 450 nm was detected by using an
automated microplate reader (Bio-Rad Labora-
tories, Tokyo, Japan). All experiments were per-
formed at least 3 times.

Cell morphological studies

The Hep-G2 cells were treated with 10 umol/I
CK or 0.1% dimethyl sulfoxide (control) for 48 h.
The cells were then incubated with 10 pg/ml
Hoechst 33342 and observed by fluorescence
microscope (DMIRB; Leica, Wetzler, Germany).

Cell cycle assay by flow cytometric (FCM)
analysis

The Hep-G2 cells (~1x10% cells/well) were
seeded into a 6-well plate overnight at 37°C.
The cells were washed once with PBS, the
medium was replaced with fresh medium, and
the cells were subsequently treated with vari-
ous concentrations of CK (0, 5 and 10 pmol/I)
for 48 h. Following treatments for the various
durations, the cells were collected, fixed with
70% ethanol, incubated with 25 pg/ml ribonu-
clease A and stained with 50 ug/ml Pl for 30
min at room temperature in the dark.
Subsequently, the cell cycle data were detected
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Figure 1. CK inhibits the viabilities of human hepatocellular carcinoma cells in vitro. A, B. CK inhibited the prolifera-
tion of the Hep-G2 cells in a dose- and time-dependent manner. Hep-G2 cells were exposed to increasing doses of
CK for 24, 48 and 72 h respectively, and cell proliferation was measured using the MTT assay. C, D. Hep-G2 cells
were treated with 10 pymol/I CK for 48 h. The cells were stained with Hoechst 33342 and visualized under a fluores-
cence microscope (magnification, x400). The red arrows indicate apoptotic cells that are shrunken with condensed
cytoplasm. The nuclei are pyknotic and fragmented. Data are reported as mean + SD of three separate experiments.

*P<0.01 vs. control group.

by FCM (BD Biosciences, San Jose, CA USA),
according to the manufacturer’s instructions.

Cell apoptosis assay by FCM analysis

Apoptotic rate of the Hep-G2 cells was ana-
lyzed using an Annexin V-fluorescein isothiocya-
nate (FITC) apoptosis detection kit (Nanjing
KeyGen Biotech Co., Ltd., Nanjing, China).
Briefly, A total of 1x10° Hep-G2 cells/well were
seeded into six-well plates and cultured in
DMEM at 37°C overnight. Subsequent to star-
vation for 12 h, the Hep-G2 cells were treated
with different doses of CK (O, 2.5, 5 and 10
pmol/l) in complete medium for 48 h, digested
with 2.5 mg/ml trypsin, washed twice with PBS
and suspended with 300 pl binding buffer
(Nanjing KeyGen Biotech Co., Ltd., Nanjing,
China). The cells were then incubated with 2 pl
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Annexin V and 5 ul PI for 15 min at room tem-
perature, and the distribution of viable, early
apoptotic, late apoptotic and necrotic cells was
calculated using a FACSCaliber flow cytometer
(BD Biosciences), according to the manufac-
turer’s instructions. Cells that were negative for
the Annexin V-FITC and Pl were considered to
be viable cells, The sum of the early and late
apoptotic cells constituted the total number of
apoptotic cells, which was presented as the
percentage of the total cells.

Western blot analysis

The Hep-G2 cells were treated with CK at differ-
ent concentrations (0, 2.5, 5, and 10 umol/I,
respectively), and the protein collections from
the above treated cells were harvested subse-
quently in RIPA buffer (9.1 mM dibasic sodium
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phosphate, 1.7 mM monobasic sodium phos-
phate, 150 mM NaCl, 0.5% sodium deoxycho-
late, 1% NP40, 0.1% SDS, 0.2 mM phenylmeth-
ylsulfonyl fluoride, 0.2 mM sodium vanadate
and 0.2 U/ml aprotinin) containing protease
inhibitor  cocktail (Santa Cruz Biotech-
nology; Santa Cruz, CA). Western blotting was
used to detect the effect of CK on apoptosis
related proteins. And protein concentrations
were determined using the bicinchoninic acid
protein assay kit (KenGen Biotechnology Co.
Ltd, Nanjing, China). Clarified protein lysates
(50 g) were resolved electrophoretically on
denaturing SDS-polyacrylamide gels (10%), and
transferred to nitrocellulose membranes. The
membranes were then blocked with 1% bovine
serum albumin at room temperature for 1 h and
then incubated with the indicated specific pri-
mary antibodies for 3 h. Proteins were visual-
ized with Horseradish peroxidase (HRP)-con-
jugated secondary antibodies. To corroborate
equal loading, membranes were stripped and
reprobed using an antibody specific for B-actin
(1:2000; Abcam, Cambridge, MA). Finally, anti-
gen-antibody complexes were detected using
the ECL system, and digital images were cap-
tured with a FlourChem HD2 Imager system
(Alpha Innotech, San Leandro, CA).

Hep-G2 tumor xenograft

Hep-G2 cells were implanted by subcutaneous
injection into the left hind leg of 15 BALB/c
nude mice (~3x10%/mouse, supplied by Ex-
perimental Ainimal Department of Binzhou
Medical College, Shandong, China). Seven days
later, 10 mice with size of ~100 mm?® were ran-
domly distributed into two groups, i.e. control
group (normal saline) and CK (10 mg/kg/day)
group. Tumor volume (mean values and 95%
confidence intervals) was measured at various
times after the initial intraperitoneal injection.
At the end of the experiment, mice were sacri-
ficed and tumor weight was measured. All the
mouse experiments were performed in accor-
dance with Institutional Animal Care and Use
Committee procedures and guidelines.

Statistical analysis

Data are presented as mean + standard devia-
tion. All experiments were repeated at least
three times. Statistically significant differences
between the experimental groups were deter-
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mined using Student’s t-test, with P<0.05
defined as statistically significant.

Results

CK inhibits the cell viabilities in a dose- and
time-dependent manner

As shown in Figure 1A, the MTT viability assay
demonstrated that CK led to a dose-dependent
inhibition of cell growth in Hep-G2 cells. At the
concentrations ranging from 2.5 to 20 umol/I,
CK decreased the cell viabilities of Hep-G2
cells by 19.60%, 46.54%, 54.30% and 63.81%
respectively. To discern the direct connection
between the inhibition in cell viabilities and the
induction of cell proliferation, we followed the
course of proliferation over three days after the
addition of CK. The MTT data showed that CK
inhibited the cell proliferation in a dose- and
time-dependent manner in Hep-G2 cells (Figure
1B).

Cell morphological assessment following treat-
ment with CK

The morphological changes due to apoptosis
occurring in the nuclei of the cells were
observed under a fluorescence microscope.
The untreated Hep-G2 cells exhibited a pale
blue fluorescence, demonstrating an even pat-
tern of distribution of the chromatin in the
nucleolus (Figure 1C), whereas those treated
with CK were shown to manifest brighter, gran-
ular, blue fluorescence and more apoptotic
bodies (Figure 1D).

CK treatment lead to GO/G1 phase arrest in
the Hep-G2 cells

Treatment with increasing concentrations of CK
(5 and 10 umol/l ) for 48 h resulted in an
increase in Hep-G2 cells in the GO/G1 popula-
tion, to 68.61+2.91% and 78.29+2.57%,
respectively, compared with 50.40+1.49% in
the control group (Figure 2). Besides, the num-
ber of Hep-G2 cells in the S and G2/M phases
correspondingly decreased. Therefore, these
results indicated that CK induced a GO/G1 cell-
cycle arrest in a dose-dependent manner.

CK induces apoptosis of Hep-G2 cells in vitro

To detect the effect of CK on the cell apoptosis,
Annexin-V/PI staining technique was carried
out after cells were treated with CK. The per-
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Figure 2. CK blocks the Hep-G2 cell cycle in the GO/G1 phase. Flow cytometry analysis of proliferating Hep-G2 cells
48 h after the treatment with CK (0, 5.0 and 10.0 umol/I). Fractions of cells in the GO/G1, S and G2/M phases of
the cell cycle are indicted. Untreated cells were used as controls.

centage of apoptotic cells was determined by
cell flow cytometric analysis following Pl stain-
ing. Compared to the control group, CK treat-
ment leads to a moderate induction of apopto-
sis in Hep-G2 (1.20% untreated cells, 19.0% at
2.5 ymol/I group, 31.9% at 5 ymol/I group and
49.1% at 10 pmol/I group. A significant differ-
ence was observed between them (P<0.05,
Figure 3). These data provided evidence that
CK induced the Hep-G2 cells apoptosis in a
dose-dependent manner.

The effect of CK on the expression of cell cycle
proteins

Western-blotting assay showed that the expres-
sion of CDK4 and its downstream kinase, cyclin
D1, in the Hep-G2 cells decreased significantly
in a dose-dependent manner. By contrast, a
marked reduction in the levels of p21°*! and
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p27%Pt were observed in the Hep-G2 cells fol-
lowing treatment with various concentrations
of CK (2.5, 5 and 10 ymol/I) for 48 h (Figure 4).

CK induces apoptosis mainly through the
mitochondria-mediated pathway

There are two classic apoptotic pathways in
human cells, namely death receptor-mediated
apoptotic pathway and mitochondria-mediated
apoptotic pathway [18]. Previous studies indi-
cate that both pathways cross-talk and are
involved in CK-mediated apoptosis of tumor
cells [19]. In order to further reveal the apop-
totic molecular mechanisms of HCC cells
induced by CK, we detected the expression of
total proteins of Hep-G2 cells dealt with various
concentrations of CK (0, 2.5, 5.0 and 10.0
pmol/l) by using Western blotting assay.
Following treatment for 48 h, We found that CK

Int J Clin Exp Med 2017;10(7):11146-11156
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Figure 4. The effect of CK on cell-cycle regulatory proteins in Hep-G2 cells. Cells were treated with different con-
centrations of CK (0, 2.5, 5 and 10 umol/l) for 48 h. The total protein was extracted and the expression of cell
cycle-related proteins was analysed by western blot assay. Data are reported as mean + S.D. of three separate
experiments. A. The expression of cyclin D1, CDK4 were assessed by western blotting; B. The bar chart of cyclin
D1/B-actin, CDK4/B-actin. C. The expression of p27%rt, p21°r1 were assessed by western blotting; D. The bar chart
of p27¥rt/B-actin, p21°rt/B-actin. B-actin was used as a protein loading control. CDK4, cyclin-dependent kinase 4.
*/#P<0.05 vs. control group; “/##P<0.01 vs. control group.

increased the expression levels of the proapop- pase-3 and Bax in the Hep-G2 cells, whereas it
totic proteins cleaved-caspase-9, cleaved-cas- also lead to a reduction of the antiapoptotic
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Figure 5. The effect of CK on apoptosis-associated proteins in Hep-G2 cells. Apoptosis-associated proteins in Hep-
G2 cells following treatment with CK for 48 h, as determined by western blot analysis. Data are reported as mean +
S.D. of three separate experiments. A. The expression of apoptosis-associated proteins were assessed by western
blotting; B. The vertical axis represents the ratio of various apoptosis proteins to B-actin. B-actin was used as a
protein loading control. Cyt ¢, Cytochrome c; Cas-3, Caspase-3; Cas-9, Caspase-9; Bcl, B-cell ymphoma; PARP, poly
(ADP-ribose) polymerase. * and ** indicate P<0.05 and P<0.01 compared with control group, respectively.

protein, Bcl-2, and of the inactive form of PARP.
There was significant difference between them
(P<0.05). However, the expression of Fas and
Fas-L were not changed evidently (P>0.05,
Figure 5). Furthermore, the concentration at
which CK inhibited the expression of the apop-
tosis-associated proteins was similar to that at
which the cell growth was suppressed and
apoptosis was induced. According to the above
results, We demonstrate that CK could induce
apoptosis mainly through the mitochondria-
mediated internal pathway in Hep-G2 cells.

CK suppresses Hep-G2 tumor growth in vivo

In order to determine whether CK affect the
tumor growth in hude mice, We established the
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model of human hepatocellular carcinoma
xenograft in nude mice by injecting Hep-G2
cells. Volume and weight of the transplanted
tumors from the nude mice treated with CK
(10.0 mg/kg) or normal saline were assessed.
As shown in Figure 5, the tumor proliferation
was obviously inhibited in CK-treated groups.
Compared with the control group, the tumor
xenograft treated with CK (10 mg/kg) was sig-
nificantly decreased in size. Correspondingly,
the average tumor weight in CK-treated mice
was also decreased by 49.4% (P<0.01) com-
pared with that in the control mice (Figure 6).
Throughout this study, CK had no major side
effects on the mice and did not affect their
weight (data not shown). All animals remained

Int J Clin Exp Med 2017;10(7):11146-11156
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Figure 6. In vivo antitumor effect of CK on Hep-G2 cells in nude mice. Hep-G2 cells were implanted subcutaneously
into the left hind leg of nude mice. When the tumor volume reached ~100 mm3, CK were administered to the mice
(10 mg/kg) by intraperitoneal injection every three days. Mice in untreated control group were given normal saline
alone. After 18 days, the mice were killed by means of cervical dislocation. A, B. Representative images of recipi-
ent mice treated with CK or normal saline for 18 days. C, D. Tumors from Hep-G2 xenograft administered different
treatments for 18 days: C. Tumors of control group; D. Tumors of CK (10 mg/kg) group. E. Tumor growth curves in
the control and CK groups. Tumor volume (mm?) was calculated as (tumor length (mm) x tumor width (mm)32)/2. F.
Weight of tumor samples from nude mice treated with CK. Tumors were significantly smaller in CK-treated group
than in control group. Each point represents the mean * standard deviation of 5 animals. *and ** indicate P<0.05
and P<0.01 compared with control group, respectively.

alive during the research. These data are con- Discussion

sistent with the in vitro results and demon-

strate that CK restrain the growth of human An imbalance between cell proliferation and
liver tumor xenografts in nude mice. apoptosis may result in tumorigenesis, and one
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of the most important ways to suppress the
development of neoplasm is to induce the cell
apoptosis [20]. In the present study, the effects
of CK in inhibiting the growth of Hep-G2 cells
and inducing cell apoptosis were detected via
MTT assays, cell morphological studies and
annexin V-Pl double-staining assays, respec-
tively. Then we sought to confirm the possible
involvement of signaling pathways including
death receptor-mediated apoptotic pathway
and mitochondria-mediated apoptotic pathway.
Our results indicate that CK inhibits the Hep-G2
cell growth in a dose- and time-dependent
manner. Besides, the apoptotic morphology of
the Hep-G2 cells treated with 10.0 uymol/I CK
for 48 h was observed, the CK-treated cells
were shown to manifest brighter, granular, blue
fluorescence and more apoptotic bodies com-
pared with those cells with pale blue fluores-
cence in the control group (Figure 1). In order to
determine whether CK induces cell cycle arrest
and cell apoptosis in Hep-G2 cells, proliferating
Hep-G2 cells were treated with CK for 48 h at
different concentrations. As shown in Figure 2,
an increasing number of cells accumulated in
the GO/G1 phase. In parallel, a reduced per-
centage of cells was observed in the S and
G2/M phases. However, Hu's group have
reported that CK induced cell cycle arrest in the
G2 phase in human gastric cancer cells [19],
which indicates that CK might induce different
modles of cell cycle arrest in different cell lines.
It is well documented that cell cycle progres-
sion is partly controlled by a family of protein
kinase complexes in tumor cells, including
CDKs and their downstream kinase, the cyclins
[21-23]. For example, during the GO/G1 phase
progression, cyclin D1 binds to CDK4 or CDK®,
promoting the formation of the cyclin D1/CDKs
complex, eventually leading to the G1-S phase
transition [24]. Our present studies reported
that treatment of the Hep-G2 cells with CK evi-
dently decreased the expression of CDK4 and
its downstream kinase, cyclin D1, in a dose-
dependent manner. Besides, the over-expres-
sion of p27%Pt was confirmed to prevent the
activation of CDKs and entry into the
S-transition phase [25], and p21°* was
revealed to exert a pivotal role in modulating
the G1-S and G2 checkpoints [26, 27]. The
present study revealed that a obviously
increase in the protein expression levels of
p27%*t and p21°rt in the Hep-G2 cells was
observed following treatment with CK for 48 h.
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Taken together, these results indicated that CK
induced GO/G1 phase arrest in the Hep-G2
cells by regulating several key proteins.
Furthermore, an Annexin V-fluorescein isothio-
cyanate labeling assay found that CK could
increase the percentage of cells positive for
Annexin V. These results suggest that com-
pound K induces apoptosis in Hep-G2 cells.
Consistent with our studies, Chae’s group [28]
reported that pretreatment of NCI-H460 cells
with CK enhanced y-ray radiation-induced cell
apoptosis, suggesting that CK possesses anti-
cancer effect in lung cancer. As we all known,
the apoptotic process is tightly regulated by a
fine-tuned balance between proapoptotic and
antiapoptotic genes. the expression levels of
apoptosis related proteins, including caspas-
es-3 and -9, Bax, Bcl-2 and PARP, were
assessed to determine the possible mecha-
nism of CK-induced apoptosis. In the present
study, we found that compound K could not
change the expression level of Fas and FasL.
These results indicated that Fas-mediated
extrinsic pathway may not be involved in the
compound K-induced apoptosis in Hep-G2
cells. On the contrary, Zheng [29] suggested
that compound K significantly inhibited cell pro-
liferation and induces apoptosis in MHCC97-H
cells through Fas-mediated caspase-depen-
dent pathways in human HCC cells. In the intrin-
sic pathway, mitochondria play a central role in
the commitment of cells to chemical-induced
apoptosis [30]. Cytochrome ¢ normally locates
in the mitochondrial intermembrane space,
where it serves as a transducer of electrons in
the respiratory chain. CK-treatment lead to the
release of cytochrome c into the cytosol. After
release from mitochondria, cytochrome ¢ binds
to apoptosis protease activating factor 1, which
activates caspase-3 and caspase-9. Then, cas-
pase-3 and caspase-9 act together to activate
the death signal and finally lead to a immediate
procedure to apoptosis by DNA damnification
[31]. Our results showed that CK upregulated
Bax, caspase-9, caspase-3, and downregulat-
ed PARP, Bcl-2 in a dose-dependent manner.
Therefore, we demonstrate that modulation of
the mitochondria-mediated caspase-depen-
dent pathway may be an important mechanism
underlying the biological effects of CK. Different
from our results, KIM et al [32]. demonstrated
that CK induced cell apoptosis via activations
of CAMK-IV (Ca?*/calmodulin-activated protein
kinase-1V) and AMPK signal transduction path-
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ways. These data indicate that the antitumor
mechanism of CK may be diverse because of
different types of tumors. Given our data show-
ing the inhibitory effects of CK on cell prolifera-
tion and cell signaling pathway in Hep-G2 cells,
we examined whether or not this panaxoside
could exert anticancer effects in nude mice. In
vivo studies, we found that CK treatment (10
mg/kg/mouse) could affect the tumor growth
markedly in nude mice. The above data are of
particular important because it is the first time
that CK has been revealed to exert anti-cancer
effect in a HCC xenograft model. Consist with
our research, Hu et al also indicated that CK
obviously inhibited the tumor formation of gas-
tric carcinoma cells in nude mice [19].

In conclusion, by using several in vitro and in
vivo studies, We demonstrated that CK, a gin-
seng saponin metabolite, could significantly
induced Hep-G2 cells apoptosis via mitochon-
dria-mediated caspase-dependent pathway.
The elucidation of the mechanism of CK-induced
cell apoptosis suggests that CK might be a
promising experimental cancer chemothera-
peutic and chemopreventive agent for human
HCC.
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