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Abstract

AIM: To investigate the anti-tumor function of ginsen-
oside Rg3 on hepatocellular carcinoma (HCC) /in vitro
and /n vivo, and its mechanism.

METHODS: Hep1-6 and HepG2 cells were treated by Rg3
in different concentrations (0, 50, 100 and 200 pg/mL)
in vitro. After incubation for 0, 6, 12, 24 and 48 h, cell
viability was measured by 3-(4, 5-dimethylthiazol-2-
yl)-2, 5-diphenyltetrazolium bromide assay. Apoptosis
was identified by terminal deoxynucleotidyl transferase-
mediated dUTP-biotin nick end labeling. Caspase-3 ac-
tivity was measured by chromophore p-nitroanilide and
flow cytometry. Bcl-2 family proteins were ascertained
by Western-blotting. Mitochondria membrane potential
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was detected by 5, 5, 6’ 6’ - tetrachloro-1, 1, 3, 3’ -
tetraethylbenzimidazolylcarbocyanine iodide. Forty liver
tumor-bearing C57BI6 mice were divided randomly into
4 groups for intra-tumor injection of saline, ginsenoside
Rg3, cyclophosphamide (CTX) and ginsenoside Rg3 +
CTX combination.

RESULTS: The survival time was followed up to 102 d.
The mice in the Rg3 + CTX group showed significant
increased survival time compared with those in the
control group (P < 0.05). Rg3 could inhibit HCC cell
proliferation and induce cell apoptosis /7 vitro in the
concentration and time dependent manner. It also in-
duced mitochondria membrane potential to decrease.
Caspase-3 activation can be blocked by the inhibitor
z-DEVD-FMK. Bax was up-regulated while Bcl-2 and
Bcl-XL were down-regulated after Rg3 treatment.

CONCLUSION: Our data suggested that Rg3 alone or
combined with CTX inhibited tumor growth /n vivo and
prolonged mouse survival time by inducing HCC cell
apoptosis via intrinsic pathway by expression altera-
tions of Bcl-2 family proteins.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most com-
mon fatal human malignancy worldwide". HCC is highly
resistant to chemotherapeutic drugs and there is no single
effective chemical against it. Two or three agents are of-
ten combined to enhance the efficacy of chemical agents.
Chemotherapy causes serious toxic effects”. Thus, there
is an urgent need to develop novel treatment modalities.

Ginseng is a traditional herbal medicine well known
for its wide spectrum of pharmacological effects”. Re-
cently researchers have found ginsenoside Rg3 can in-
hibit growth of several cancer cell lines™™”; however, the
mechanism is not fully understood so far. In this study,
two liver cancer cell lines, Hep1-6 and HepG2 cells were
treated with ginsenoside Rg3 7 vitro to explore the pos-
sible molecular mechanism. Ginsenoside Rg3 was also
injected into tumor-bearing mice to investigate the anti-
tumor effect in a long-term way.

MATERIALS AND METHODS

Ginsenoside Rg3

Ginsenoside Rg3 was purchased from Fusheng Phar-
maceutical Ltd. Rg3 was dissolved in dimethyl sulfoxide
(DMSO) and filtered by 0.2 ym membrane. It was diluted
by cell culture media to various final concentrations (0,

50, 100, 200 pg/mL).

Cell lines and cell culture

Hep1-6 and HepG2 cells were purchased from the In-
stitute of Biochemistry and Cell Biology, Academy of
Science (Shanghai, China) and cultured in Dulbecco’
s Modified Eagle’s Medium and Eagle’s Minimum Es-
sential Medium (ATCC, Manassas, VA, United States)
supplemented with 10% fetal bovine serum (FBS) (Atlanta
Biologicals), 4 mmol/L 1-Glutamine (Cellgro) and 2%
penicillin-streptomycin solution (Cellgro). The cells were
incubated at 37 °C in a mixture of 5% CO2 and 95% air.

HCC animal model
Forty female C57BL/6 mice (4 wk, 16g £ 3 g, purchased
from Shanghai Experimental Animal Center of the Chi-
nese Academy, Shanghai, China) were divided randomly
into 4 groups of 10 mice in each group: control (saline),
ginsenoside Rg3, cyclophosphamide (CTX) and Rg3 +
CTX combination. After being transplanted with 1 x 10°
Hep1-6 cells in 50 pl. PBS on the flank, the mice were
given an intra-tumor injection of ginsenoside Rg3 (3.0
mg/kg) and CTX (20.0 mg/kg) or Rg3 + CTX for 10 d
following inoculation of Hepl-6 cells. The negative con-
trol was saline injection (1.5 mg/kg). Mice were euthanized
according to IACUC proposals when the tumor was larger
than 20 mm in diameter. The survival days were recorded.
Mouse weight and tumor weight were measured.

After treatment, the survival study began. The animal
technician, who was blind to the study, monitored the
mouse weight and tumor size every day. When the diam-
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eter of tumor was larger than 2 cm on the tumor-beating
mouse, or the mouse weight loss was more than 20%
on the tumor free mouse, the mouse was euthanized by
cervical dislocation according to the animal experiment
protocol and the date was determined as endpoint of
survival dates.

Cell viability analysis

The viability of Hepl-6 and HepG2 cells treated with
and without Rg3 was determined by the 3-(4, 5-dimethyl-
thiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) as-
say. Briefly, cells in logarithmic growth phase were seeded
in 96-well plates. Rg3 was added to the medium to differ-
ent final concentrations: 0, 50, 100 and 200 pg/mL. After
0, 6, 12, 24 and 48 h incubation, 20 pl. medium contain-
ing 5 mg/mL MTT was added to each well. After another
3 h incubation, DMSO (100 pL) was added to dissolve
the formazan crystals. Light absorbance at 540 nm was
measured. To determine the percentage of surviving
cells, absorbance values of indicated concentrations wetre
normalized to the values obtained from the cells without
Rg3 treatment. Each assay was performed in 3 replicates.

Apoptosis detection

The HCC cells were incubated on the 8-well chamber
slides (Nalge Nunc Corp, 1L, United States) in medium
with 0, 50, 100, 200 ug/mL Rg3. After 0, 6, 12, 24 and
48 h cell chambers were removed and the slides were
fixed for hematoxylin and eosin (HE) stain and terminal
deoxynucleotidyl transferase-mediated dUTP-biotin nick
end labeling (TUNEL) fluorescent detection kit (Chemi-
con, United States). All the nuclei were stained blue by
2-(4-Amidinophenyl)-6-indolecarbamidine dihydrochlo-
ride (DAPI) while the apoptotic cells were stained as red
fluorescent by apoptotic probe. The apoptotic cells were
counted and statistically analyzed by the software Image J.

Caspase 3 activity assay

Caspase 3 activity was tested by colorimetric assay kit
(Genscript, NJ, United States, Cat. No. L00289). The
HCC cells were treated by Rg3 in different concentrations
(0, 50, 100, 200 pg/mL) for 24 h. Then the cells were
lysed for detection of the chromophore p- nitroanilide
(pNA) after cleavage from the labeled substrate DEVD-
PNA. The result was quantified as the -4 value at 405 nm.
The relative increase of caspase-3 activity was determined
by comparing the absorbance of pNA from Rg3 treated
HCC cells to non-treated control.

Z-DEVD-FMK inhibitory assay

Cells were pretreated for 1 h with 20 mmol/L z-DEVD-
FMK (R&D, Catalog Number: FMKO004) prior to Rg3
treatment. The cells were then treated with Rg3 in dif-
ferent concentrations (0, 50, 100, 200 ug/mL) for 24 h.
The cells wete lysed for caspase activity measurement.
Then z-DEVD-FMK was added to measure the caspase
activity. The inhibitory rate was calculated by comparing
caspase activity with/without z-DEVD-FMK.
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Figure 1 Ginsenoside Rg3 inhibits cell viability of human and murine liver cancer cells. A: Concentration-dependent inhibitory effects of Ginsenoside Rg3 on
cell viability in Hep1-6 and HepG2 cell lines. Cells were treated with Rg3 at 0, 50, 100, 200 ug/mL in 10% fetal bovine serum-supplemented medium for 24 h; cell
viability was determined by 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide assay (7 = 6 for Hep1-6, 7 = 6 for HepG2). B: Time-dependent inhibitory ef-
fects of Rg3 on cell viability in Hep1-6 and HepG2 cell lines. Cells were treated with Rg3 100 pg/mL for 0, 6, 12, 24, 48 h. One-way ANOVA was performed to test the

concentration and time-dependent effects. °P < 0.05 vs untreated controls.

Western blot analysis

After being treated with 0, 50, 100, 200 pg/mL Rg3 for
24 h, Hep1-6 and HepG2 cells were washed with ice-
cold PBS twice and lysed on ice. Mitochondrial fraction
and cytosolic fraction were extracted by Cytosol/Mito-
chondria Fractionation Kit (Calbiochem, United States).
Extracted proteins were separated by 12% SDS-PAGE
and transferred onto PVDF membrane. The membrane
was incubated with primary antibodies: procaspase 8, cy-
tochrome ¢, Bcl-2, Bax, Bad, Bcl-X1. (Santa Cruz Biotech-
nology Inc. dilution: 1:200) and beta-actin (Cell Signaling
Technology, dilution: 1:500) in blocking buffer for 1 h at
room temperature followed by incubation with secondary
antibodies conjugated with horseradish peroxidase (Santa
Cruz Biotechnology Inc. dilution: 1:500). The protein ex-
pression was detected by X-ray film.

Measurement of transitions in mitochondrial
transmembrane potential

Hep1-6 and Hep G2 cells were grown in 4-well cover glass
chambers (Nalge Nunc) and treated with Rg3 100 ug/mL
containing DMEM supplemented with 5% FBS. After in-
cubation for 24 h, cells wete stained with 5 pg/mL of 5, 5,
6, 6’ - tetrachloro-1, 17, 3, 3’ - tetracthylbenzimidazolylcar-
bocyanine iodide (JC-1), a widely used dye for measuring
membrane potential of mitochondria. Cells were irradiated
at an excitation wavelength of 488 nm, and the irradi-
ated field was photographed using a confocal microscope
equipped with an emission filter of 533 nm (100 magnifi-
cation, Leica). Depolatized mitochondrial membranes were
detected by the presence of a diffuse green fluorescence in
cells.

Flow cytometry

After treatment with Rg3 100 pg/mL or saline for 24 h,
105 Hep1-6 and Hep G2 cells were suspended in 50 plL
HBSS containing propidium iodide (PI) and fluorescein
isothiocyanate (FITC) caspase-3 (Bioss LTD, Beijing, Chi-
na) to identify apoptosis and necrosis, respectively. Fluo-
rescent dyes were diluted to 1 pg/mL in HBSS containing
1% FBS. Incubations were carried out for 30 min on ice.
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After staining, the cells were washed twice in HBSS/1%
IBS and then analyzed by a flow cytometry (LSR 1T, BD).

Tumor histopathology

When the tumor was as large as 20 mm in diameter, the
animal was euthanized and the tumor was dissected and
fixed in 40 g/L neutral formaldehyde. After 24 h it was
embedded in paraffin, cut into 3 pm sections, stained with
HE, and examined under light microscopy.

Statistical analysis

The present data are expressed as mean * SD. For statisti-
cal comparison of values, a Student’s 7 test was used. P
values less than 0.05 were deemed to indicate statistical
significance. The Kaplan-Meier method is used to analyze
the cumulative survival and draw the survival curve by
software SPSS 11.0. Log rank statistic and significance
were also presented by SPSS.

RESULTS

Rg3 represses liver cancer cell viability in a dose- and
time-dependent way

MTT assay was done to examine if Rg3 could affect
liver cancer cell growth in culture. Hep1-6 and HepG2
cells were treated with increasing concentrations of Rg3
(0, 50, 100, 200 ug/mL) for 24 h. The viable Hep1-6
and HepG2 cells consistently decreased with the higher
concentrations of Rg3 as shown in Figure 1A. When
Hep1-6 cells were treated by 100 and 200 pug/mL Rg3,
the cell viability was significantly decreased (P < 0.005 s
control). HepG2 cells had significantly decreased viabil-
ity when they were treated by 50, 100 and 200 pg/mL
Rg3. When both cell lines were treated by 100 pg/mL
Rg3 for 0, 6, 12, 24, 48 h, the cell viability declined sig-
nificantly over 24 h (P < 0.005 »s control, Figure 1B).

Rg3 induced liver cancer cells apoptosis in vitro

To determine if Rg3 causes apoptosis in Hep1-6 and
HepG2 cells, DNA degradation and cleavage were detect-
ed in Rg3-treated liver cancer cells. When the HCC cells
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Figure 2 Ginsenoside Rg3 caused hepatocellular carcinoma morphological changes of apoptotic cells. A, B: Cell apoptosis morphology was observed by he-
matoxylin and eosin (HE) stain. After 50 ug/mL Ginsenoside Rg3 (Rg3) incubation for 12 h, the Hep1-6 cells (B) indicate less survival cells compared to control group
(A); C, D: DNA fragmentation in situ was detected by transferase-mediated dUTP-biotin nick end labeling. The control cells was stained blue (C) and the Rg3 treated
group present apoptotic cells stained red (D); E, F: The apoptotic cells showed reduced volume and condensed chromatin. In both Hep1-6 and HepG2, the apoptotic
induction effect is dose and time-dependent. Rg3: Ginsenoside Rg3; HE: Hematoxylin and eosin; TUNEL: Transferase-mediated dUTP-biotin nick end labeling.
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Figure 3 The caspase activity was measured by the chromophore p-
nitroanilide. Hep1-6 and HepG2 cells were pretreated with or without 20 mm
z-DEVD-FMK for 1 h, and then cultured with 0, 50, 100, 200 pg/mL ginsenoside
Rg3 for 24 h. The caspase activity was measured by the chromophore p-ni-
troanilide (pNA) after cleavage from the labeled substrate DEVD-pNA by a plate
reader A«s nm.

were treated with 100 pg/mL Rg3 for 24 h, both Hep1-6
and HepG2 cells displayed typical apoptotic morphol-
ogy, including reduced volume and condensed chromatin
(Figure 2A) compared to the control cells without Rg3
treatment (Figure 2B). To further specify apoptotic cell
death, we stained nuclei with DAPI, a DNA-specific fluo-
rescent dye. We also detected 7z sitn DNA fragmentation
in Hep1-6 and HepG2 cells by using TUNEL method. All
the Hep1-6 cell nuclei were stained blue by DAPI while
the apoptotic cells were stained red by apoptotic probe
(Figure 2D). Hep1-6 cells treated by Rg3 showed a higher
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percentage of apoptotic cells (Figure 2D) compared to
the control group (Figure 2C). The apoptotic Hep1-6 and
HepG2 cells were counted and statistically analyzed by
the software Image J. Rg3-induced apoptosis occurred in
Hep1-6 and HepG2 cells when treated by 50-200 pg/ml.
Rg3 for 12-24 h (Figures 2E and F).

Induction of apoptosis by Rg3 depends on mitochondria-
medicated caspase cascade
To determine whether Rg3-induced apoptosis in Hep1-6
and HepG?2 cells was mediated viaz caspase cascade,
caspase-3 activity was measured by pNA. The relative
increase of caspase-3 activity was determined by compar-
ing the absorbance of pNA from Rg3 treated HCC cells
to the non-treated control. In both Hepl-6 and HepG2,
caspase-3 was activated by Rg3 treatment in a dose depen-
dent manner (the means and SDs in Hepl1-6 cells were
5% £ 1%, 22% * 4%, 32% = 3%, 43% * 5% when Rg3
concentration were 0, 50, 100, 200 ng/mlL, respectively;
the HepG2 cells were 4% *+ 0.5%, 32% * 6%, 41% =+
7%, 54% £ 4%) (Figure 3). However, when both cell
lines were pretreated with 20 mmol/L z-DEVD-FMK
for 1 h, the caspase-3 activity was decreased significantly
(4% = 1%, 13% =+ 3%, 11% £ 1%, 14% *+ 4% when Rg3
concentration were 0, 50, 100, 200 ug/mlL, respectively;
the HepG2 cells were 4% *+ 0.5%, 11% * 1%, 11% =+
3%,10.5% £ 1%), suggesting Rg3 induce apoptosis via
caspase-3 dependent apoptotic pathway in Hep1-6 and
HepG2 cells. The caspase-3 activity is still elevated even in
the presence of z-DEVD-FMK (Figure 3).

Because the activation of caspase-3 could be preceded
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Figure 4 Effects of ginsenoside Rg3 on the cytochrome c release, caspase
8 cleavage and Bcl2-family. Hep1-6 and HegG2 cells were treated with 0, 50,
100, 200 pg/mL ginsenoside Rg3 (Rg3) for 24 h, and western-blot was used to
detect the pro-casepase-8, cytochrome c in cytosolic fractions (c) and mitochon-
dria fractions (m), Bcl-2, Bcl-XL, Bax, and Bad. -actin is the protein loading
control. Pro-caspase-8 remains static with or without Rg3 treatment. Cytochrome
c decreased in the mitochondrial fraction and increased in the cytosolic fraction.
Bcl-2 and Bcl-XL were down-regulated while Bax was up-regulated. Bad remains
unchanged in the cells with and without Rg3 treatment. Rg3: Ginsenoside Rg3.
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Figure 5 Hep1-6 and HepG2 cells were treated with Rg3 100 pg/mL or sa-
line for 24 h then cells were stained with 5, 5, 6, 6’ - tetrachloro-1, 1’, 3, 3’ -
tetraethylbenzimidazolylcarbocyanine iodide dye. Depolarized mitochondrial
membranes were detected by the presence of a diffuse green fluorescence.
Ginsenoside Rg3 treated groups had a significantly higher percentage of green
fluorescent cells: Hep1-6 (87% = 6% vs control 2% + 1%) and HepG2 (46% + 4%
vs control 3% * 2%). Rg3: Ginsenoside Rg3. °P < 0.05 vs control group.

by either caspase-8 via the death receptor pathway or
caspase-9 via the mitochondria pathway, we tested pro-
caspase-8 and cytochrome ¢ to determine which pathway
is dominant in Rg3-induced apoptosis. As illustrated in
Figure 4, cleavage of caspase-8 was not evident, but cy-
tochrome ¢ decreased in the mitochondrial fraction and
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increased in the cytosolic fraction, which suggested that
Rg3 mainly induced cytochrome c release.

Rg3 altered apoptotic related gene expression

To further investigate the molecular mechanism of mito-
chondtria pathway activation, Bcl-2 family protein expres-
sion in Hep1-6 and HegG2 cells was detected by western-
blot after they were treated by Rg3 in different concentra-
tdon (0, 50, 100, 200 pg/mL) for 24 h. As shown in Figure
4, Bcl-2 and Bcl-XL, the anti-apoptotic members of Bcl-2
family, were reduced by Rg3 treatment. Bax, the pro-
apoptotic member, was increased. Bad was unchanged in
the cells with and without Rg3 treatment.

In order to determine whether the increase in mito-
chondrial Bax was associated with altered mitochondrial
transmembrane potential, we measured changes in JC-1.
JC-1 is a lipophilic cationic dye that can selectively enter
into mitochondria and reversibly change color as illus-
trated in Figure 5; depolarized mitochondrial membranes
were detected by the presence of a diffuse green fluores-
cence in cells. The green fluorescence shift indicates loss
of mitochondrial function, which suggested that Rg3 acti-
vated the mitochondrial pathway by decreasing mitochon-
drial trans-membrane potential.

To further characterize the observed apoptotic phe-
notype, we carried out double staining of caspase-3-FITC
and PI in two cell lines treated with saline and Rg3. Cas-
pase-3-FITC can be detected in apoptosis. PI enters the
cell in late apoptosis or necrosis. Viable cells were nega-
tive for both caspase-3-FITC and PI; eatly apoptotic cells
were positive for caspase-3-FITC and negative for PI; late
apoptotic or necrotic cells displayed both positive caspase-
3-FITC and PI; non-viable cells which underwent necro-
sis were positive for PI and negative for caspase-3-FITC
(Figure 6). After Rg3 treatment for 24 h, the percentage
of early apoptotic cells induced by Rg3 in Hepl1-6 and
HepG2 were 85% £ 9%, 71% £ 8%, respectively. Their
controls were 9% £ 3%, 11% *+ 2%, respectively (Figure 6).

Rg3 improved HCC tumor bearing animals’ survival time
The survival study was carried out up to one hundred and
two days after the last intra-tumor injection. The number
of living mice in the ginsenoside Rg3 group, CTX group,
combined treatment and saline control group are summa-
rized in Figure 7. Mice in the control group wete eutha-
nized within 20 d when tumors were larger than 20 mm in
diameter. The tumor of the mice in the Rg3 treated group
reached 20 mm in diameter within 102 d. There were no
significant abnormalities in mental state, activities, or re-
sponse to stimulus. The survival time of mice in the gin-
senoside Rg3 group, CTX group and combined treatment
group was significantly longer than that in the control
group (P < 0.001), which demonstrated that ginsenoside
Rg3 inhibited the tumor growth and prolonged survival
time of tumor-bearing mice.

Tumor growth and pathology

Tumors reached 20 mm in diameter on day 14 (£ 6.3),
day 87 (£ 9), day 93 (+ 11) and day 95 (£ 7) in the control
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Figure 6 Flow cytometry after caspase-3-fluorescein isothiocyanate/propidium lodide staining. After being treated by ginsenoside Rg3 (Rg3) 100 pg/mL or sa-
line for 24 h, Hep1-6 and HepG2 cells were stained by caspase-3-fluorescein isothiocyanate (FITC) and propidium lodide (PI). Viable cells are shown as blue and early
apoptotic cells are green (caspase-3-FITC). The non-viable necrotic cells are red (PI). Rg3 treated groups had a significantly higher percentage of caspase-3 positive
cells: Hep1-6 (85% £ 9% vs 9% * 3%) and HepG2 (71% % 8% vs 11% % 2%). There are no statistical difference in Pl staining between Rg3 treated group and control
group: Hep1-6 (23% % 3% vs 19% + 2%) and HepG2 (25% =+ 4% vs 21% + 3%). Rg3: Ginsenoside Rg3. °P < 0.05 vs control group.
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Figure 7 Survival time and survival rate of mice bearing hep1-6 tumor. The forty mice were divided into 4 groups with ten in each group, and inoculated with 1 x
106 Hep1-6 cells in each mouse. The mice were given an intratumoral injection of ginsenoside Rg3 (Rg3) (3.0 mg/kg) and cyclophosphamide (CTX') (20.0 mg/kg) or
saline (1.5 mg/kg) for 10 d following inoculation of Hep1-6 cells. The animal survival study was followed up to 102 d, to observe and compare their survival time and
survival rate. The Rg3 and CTX combination group, Rg3 group, and CTX group were statistically significant compared with the saline injected control group. Rg3: Gin-
senoside Rg3; CTX: cyclophosphamide.
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Control Rg3 CTX

Rg3 + CTX

Control

Figure 8 Tumor grosses dissection and histology. Tumors were dissected immediately after the mice were euthanized. Tumor blood vessels and their wall were
abundant in the control group. The Ginsenoside Rg3 (Rg3) and cyclophosphamide (CTX) group showed smaller tumor size. The CTX group had the necrosis in the
center. Rg3 + CTX had the smallest volume without necrosis. Samples were stained with hematoxylin and eosin in succession. In the control group, moderately dif-
ferentiated hepatocellular carcinoma cells were surrounded by thick fibrous capsule. The nuclei were large. In the Rg3 treated group, tumor cells were irregular and
condensed. In the CTX treated group, the tumor cells lost connective tissue or blood supply. In Rg3 + CTX group, there was obvious chromatin condensation in the

hepatocyte. Rg3: Ginsenoside Rg3; CTX: Cyclophosphamide.

Table 1 Comparison of body weight, tumor weight, and the

ratio of tumor weight/body weight in the different groups

Groups Control  Rg3 alone CTX Rg3 +CTX
Body weight (g) 183+1.8 19123 181%1.6 219+14
Tumor weight (g) 1.7+ 0.5 09+0.2° 0.5+0.3" 03+0.1°
Tumor weight/ 0.09+£0.004 0.05+0.003 0.03+0.004 0.01+0.002*
Body weight (%)

Values were pressed by Mean + SD, “P < 0.05 in Student’s t test vs the con-
trol group. Rg3: Ginsenoside Rg3; CTX: Cyclophosphamide.

group, Rg3 group, CTX group and Rg3 + CTX group,
respectively. The Rg3, CTX and Rg3 + CTX treatment
resulted in a delayed tumor growth compared with the
control group (P < 0.01). Tumors observed in the control
group, Rg3, CTX and Rg3 + CTX treated groups were
dissected and sent for HE stain. Dissected tumors are
shown in Figure 8. Tumor weights at the time of sacrifice
are present in Table 1. The inhibitory effects of Rg3 +
CTX on tumor growth were comparable and significant »s
control (P < 0.05).

Ultra structure and nuclear change were revealed by
HE. The tumors in the mice of the control group showed
aggressive growth and a regular nest shape with a rich
blood supply. Tumor cells featured clear and regular nuclei
with prominent nucleoli. The cytoplasm was characteristi-
cally pink and clear. In Rg 3 alone treated tumors, the nu-
clei dramatically shrink. CTX treated tumors lost the cord-
like supporting structure on which tumor cells extend. In
Rg3 + CTX treated tumors, individual cells elongated and
condensed, nuclear to plasma ratio decreased with obvi-
ous chromatin condensation in the hepatocytes.
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DISCUSSION

Ginseng, the root of panax ginseng, has been widely used in
Asian medicine for more than 2000 yeats. Ginseng contains
many active components such as ginsenosides, polysac-
charides, peptides, fatty acids and mineral oils”. Among
these components, ginsenosides were found most respon-
sible for the pharmacological and immunological activi-
ties such as tonic, immunomodulatory, anti-mutagenic,
adaptogenic, anti-aging activities, function and immune
improvernentm. Recently Rg3 has been suggested to in-
hibit cancer cell growth, invasion and metastasis, e.g. lung
carcinoma!”, prostate cancer”, colorectal cancer'”) ovarian
cancer™ and breast cancer”. Our present study in liver
cancer cell lines demonstrated that ginsenoside Rg3 can
also inhibit Hep1-6 and HepG2 growth. TUNEL and HE
stain suggest Rg3 can induce apoptosis in a concentration
and time dependent manner.

Understanding of the mechanism of Rg3-induced
apoptosis will shed some light on the intracellular function
of Rg3 in HCC cells. Caspases are a family of proteases
regulating apoptosis"™'"! which includes upstream initia-
tor caspases, such as caspase-8 and 10, and downstream
executor caspases, such as caspase-3'>"J, In our study, we
examined the involvement of caspase-3 and found that
Rg3 could activate caspase-3 in a concentration dependent
way. Confirming caspase-3 is essential for Rg3-induced
HCC cell apoptosis, HCC cells were pretreated by an ir-
reversible pan-caspase inhibitor, z-DEVD-FMK, and then
caspase-3 activation was blocked, suggesting Rg3-induced
apoptosis is caspase-3 dependent.

There are two possible pathways that can lead to cas-
pase-3 activation' ", either through caspase-8 vz the death
receptor pathway or caspase-9 vz the mitochondria path-
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Waym’mj. Thus we tested pro-caspase-8 and cytochrome ¢
to determine which pathway is dominant in Rg3-induced
apoptosis. As illustrated in Figure 4, cleavage of caspase-8
was not evident, but cytochrome ¢ decteased in the mito-
chondrial fraction and increased in the cytosolic fraction,
which suggested that Rg3 induced cytochrome c release
from the intermembrane space of mitochondria. Our
results suggested that mitochondria probably acted as the
main switch of Rg3-induced apoptosis in Hep1-6 and
HepG2 cells.

The BCL-2 family regulates the apoptotic mitochon-
drial pathway" "™ and can be divided into two types: anti-
apoptotic proteins and pro-apoptotic proteins“g]. Many
agents for cancer chemotherapy target the balance of
pro- and anti-apoptotic proteins[ZO’ZH. Bcl-2 and Bcl-X1L
are pro-survival proteins of the BCL-2 family, and BAX is
an apoptotic protein. Our results showed that Rg3 down-
regulated Bcl-2 and Bcl-XI, but up- regulated BAX. As an
overall result, Rg3 altered the Bcl-2 family protein expres-
sion by shifting the balance towards cell death.

There are primarily two major events involved in
apoptosis »z the mitochondrial pathway. The first event is
a change in mitochondrial membrane permeability, which
leads to decreased mitochondrial membrane potential.
Our data demonstrated Rg3 reduced mitochondrial mem-
brane potential as indicated by JC-1 staining. The second
event in the mitochondria-induced apoptotic pathway
is the release of cytochrome ¢ from the intermembrane
space of the mitochondria into the cytosollmj. As shown
by western blot, Rg3 increased the release of cytochrome
¢ in the cytosol.

In summary, we demonstrate that Rg3 induces HCC
cell apoptosis zia the mitochondrial pathway: (1) Rg3 in-
duces HCC cell apoptosis by triggering Bax translocation
to the mitochondria; (2) Rg3-treated HCC cells causes
the release of cytochrome c into the cytosol from the
mitochondria; and (3) over expression of Bcl-2 attenu-
ated Rg3-induced apoptosis, while down-regulating Bcl-2
expression also enhances cell apoptosis.

Results on cell lines often represent a distorted and in-
complete picture of the in situ physiopathology of cancer
where the tumor microenvironment and neovasculariza-
tion play a critical role in tumor growth and progression,
thus we expanded our study to matched primary tumors
using xenograft models. Hep1-6 cells were transplanted
into mice. Animal survival time was prolonged by Rg3,
CTX and Rg3 + CTX treatment. Tumor formation was
delayed and its growth was significantly slowed down by
Rg3, CTX and Rg3 + CTX treatment. Furthermore, Rg3
+ CTX resulted in a significantly smaller ratio of tumor
weight/ body weight. The combination of low-dose CTX
and Rg3 suppresses growth of experimental tumors more
effectively than CTX therapy or Rg3 alone. The possible
reason for this is that the occurrence of side effects was
also considerably lower. Therefore, the combination of
ginsenoside Rg3 and CTX has a better effect on antitumor
than ginsenoside Rg3 or CTX alone.

In conclusion, in this study, Rg3 treatment inhibited
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Hep1-6 and HepG2 growth by inducing apoptosis iz the
intrinsic apoptotic pathway. Ginsenoside Rg3 alone sup-
pressed the growth of Hepl-6 tumor and combination
with CTX was more effective than conventional CTX
alone. Therefore, ginsenoside Rg3 is able to block the
caspase-dependent signaling cascade and is valuable for de-
veloping new pharmaceutical means that will decrease the
side effect of chemotherapy and increase the survival rate.
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