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It was recently shown that compound K (CK), an intestinal bacterial metabolite of ginseng saponin,

exhibits antihepatocellular carcinoma (HCC) activity, and Bid is a potential drug target for HCC therapy.

This paper reports a novel mechanism of CK-induced apoptosis of HCC cells via Bid-mediated mito-

chondrial pathway. CK dramatically inhibited HCC cells growth in concentration- and time-dependent

manners, and a high dose of CK could induce HCC cell apoptotic cell death. Furthermore, the

effective dose of CK potently attenuated the subcutaneous tumor growth and spontaneous HCC

metastasis in vivo. At the molecular level, immunohistochemical staining revealed that Bid expression

in subcutaneous tumor and liver metastasis tissues decreased dramatically in CK-treated groups

compared to untreated controls, which also implies that Bid may play a critical role in the growth and

progression of HCC. Further study shows that translocation of full-length Bid to the mitochondria

from nuclei during cytotoxic apoptosis was associated with the release of cytochrome c from mito-

chondria, indicating that full-length Bid is sufficient for the activation of mitochondrial cell death

pathways in response to CK treatment in HCC cells. Taken together, the results not only reveal a

Bid-mediated mitochondrial pathway in HCC cells induced by CK but also suggest that CK may

become a potential cytotoxic drug targeting Bid in the prevention and treatment of HCC.
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INTRODUCTION

Bid, aBH3domain-onlypro-apoptoticmolecule, is initially found
to be cleaved by caspase-8 in response to death receptor-mediated
apoptotic signaling (1, 2). The truncated Bid (tBid) is modified
by myristoylation and translocated into mitochondria, where it
activates oligomerization of Bak or Bax and induces cytochrome
c release. Cytochrome c in turn activates the apoptotic cascade of
caspases-9 and -3, leading to cell death (3, 4). The findings from
our group and others have shown that the cleavage of Bid may
not be an absolute requirement for Bid to be pro-apoptotic (5-8).
Moreover, upon the administration of a highdose ofDNAdouble-
break agent causing irreparable damage to hepatocellular carcinoma
(HCC), Bid is quickly translocated to the mitochondria to release
cytochrome c (9). Thus, it can be seen that the Bid-mediated
mitochondrial pathway is critical to apoptotic cell death initiated
by external signals from other cells or by internal warnings result-
ing from cellular stresses. However, the functional mechanism of
Bid-mediatedmitochondrial pathway contributed toHCCchemo-
therapy is still largely unknown.

Compound K (CK), 20-O-β-D-glucopyranosyl-20(S)-proto-
panaxadiol (also known as IH901 andM1), is the main metabolite
of protopanaxadiol type ginseng saponin by intestinal bacteria
after oral administration of ginseng extract and is speculated to
be the major form of protopanaxadiol saponins absorbed from
the intestine (10-12). Previous studies showed that CK possesses
various chemopreventive and chemotherapeutic activities, includ-
ing attenuation of hepatic lipid accumulation (13), antigenotoxic
andanticlastogenic activity (14), reversemultidrug resistance (15),
and antimetastasis (16, 17). The effect of CK on the suppression
of HCC cells survival has been studied in our previous work (18).
However, the functional mechanisms of antiproliferation and
apoptosis induced by CK in HCC cells are not clearly known.

Cancer is a growing health problem around the world, and
HCC remains one of the most difficult tumors to treat, especially
when the tumor is advanced or unresectable. Because there is only
a narrow understanding of the molecular, cellular, and environ-
mentalmechanisms that drive disease pathogenesis, there are only
limited therapeutic options (19). In the present study, usingmultiple
in vitro and in vivo models, we examined the effect of CK on
carcinogenesis and the development of HCC and explored the
cellular and molecular mechanisms by which CK attenuated
HCC development. Our study demonstrated that CK inhibited
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cell survival and tumor growth through a Bid-mediated mito-
chondrial apoptotic pathway, which suggests CK may become a
potentially therapeutic drug against HCC growth.

MATERIALS AND METHODS

Cell Culture and Cell Viability Assay. Human hepatocellular
carcinoma BEL7402 and SMMC7721 cells were obtained from Shanghai
Institute of Cell Biology, Chinese Academy of Sciences, Shanghai, China,
and were maintained in DMEM supplemented with 10%FBS, 100 U/mL
penicillin, and 100 μg/mL streptomycin, at 37 �C in a humidified atmo-
sphere of 95% air and 5%CO2. BEL7402 and SMMC7721 were regarded
as poorly differentiated HCC lines established from surgical liver specimens
in China. CK (>98% pure as determined by HPLC) was prepared and
identified as in our previous publication (18) and dissolved in 0.1%dimethyl
sulfoxide (DMSO). The structure of CK is shown in Figure 1A. Cell viability
was assessed by MTT assay as previously described (20).

CellMorphologicalAnalysis.Cells were treatedwith 5.0 μMCKand
0.1% (v/v) DMSO (control) for 48 h, the cells were fixed with 4% para-
formaldehyde and stained with Coomassie brilliant blue R 250, and then
the morphological changes were observed under a phase-contrast micro-
scope with a CCD camera (Leica DMIRB, Solms, Germany). In the other

experiment, some cells were incubated with 10 μg/mL Hoechst 33258
(Sigma, St. Louis,MO). Thereafter, cellmorphologywas observedunder a
fluorescence microscope (Leica DMIRB).

AnnexinVAssays.Cells were fed theCKmedia, and cells were serum-
starved for 24 h as control group.At various time points, cells were harvested
by trypsinization. After centrifugation, the cells were washed, resuspended,
and stained for annexin V and PI as described in the manufacturer’s
instructions (Pharmingen, San Diego, CA). The samples were analyzed by
Becton Dickinson FACScan (BD Biosciences, San Jose, CA).

Immunohistochemical Staining. The subcutaneous tumors and meta-
staseswere fixed in 10% formaldehyde and embedded in paraffin. Sections
were then cut, and immunohistochemical staining was performed as pre-
viously described (21). As a negative control, the primary antibody was
replaced with normal mouse IgG.

Immunofluorescence Double Staining. Immunofluorescence double
staining was performed according to our previous description (8, 9) with
some modifications. Briefly, after CK treatment, cells were fixed with 4%
paraformaldehyde and permeabilized with 0.1% Triton X-100. Then,
the fixed and permeabilized cells were incubated with the first primary
antibody, mouse monoclonal antibody against Bid (1:200, Santa Cruz,
CA). The cells were washed and subsequently incubated with a rabbit
polyclonal antibody against Hsp60 (1:200, Santa Cruz, CA) for another 1 h

Figure 1. Effect of CK on the viability and morphology of HCC BEL7402 cells. (A) Chemical structure of CK. The structure is elucidated to be 20-O-
(β-D-glucopyranosyl)-20(S)-protopanaxadiol. (B, C) Effect of CK on BEL7402 and SMMC7721 cell viabilities. The cell viabilities were determined by MTT
assay. The data shown aremeans( SD of three separate experiments. (D) Surviving BEL7402 cells stained with Coomassie brilliant blue R 250 after 5.0 μM
CK treatment for 48 h. (E)Morphology of BEL7402 cells and cells treated with 5.0 μM CK for 48 h. Cells were fixed and stained with Hoechst 33258, and the
typical images were captured by fluorescence microscope (Leica DMIRB). The arrows indicate apoptotic cells or cells undergoing apoptosis.
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at room temperature. The cells were then washed and subsequently incubated
with both FITC-conjugated goat anti-mouse and TRITC-conjugated goat
anti-rabbit secondary antibodies (Santa Cruz, CA) at a dilution of 1:200
for 1 h at room temperature. After rinsing, the cells were mounted in
ProLong Antifade solution onto glass slides. Stained cells were observed
under fluorescence microscope (Leica DMIRB).

Cytosolic, Nuclear, and Mitochondrial Protein Isolation. The
cytosolic, nuclear, andmitochondrial protein fractionswere isolated accord-
ing to our previously reported procedure (8, 9). Briefly, after treatment as
indicated, cells were scraped in ice-cold homogenization buffer. The cells
were then resuspended in 5 volumes of ice-cold extract buffer A (20 mM
HEPES, 20mMKCl, 1.5 mMMgCl2, 1 mMEDTA, 1mMEGTA, 1mM
DTT, 1 mM PMSF, 1 mM Na3VO3, pH 7.5, and 1� Protease Inhibitor
Cocktail) and were homogenized. The homogenates were centrifuged at
750g for 10min, and then the supernatant was collected and centrifuged at
10000g for 15 min to obtain the mitochondria pellets. The supernatants
were further centrifuged at 100000g for 1 h to collect the supernatants
(the cytosolic fraction). For the isolation of the nuclear protein, ice-cold
extract buffer B (10 mM HEPES, 10 mM KCl, 1.5 mM MgCl2, 0.5 mM
DTT, 0.5mMPMSF, 0.5mMNa3VO3, pH7.9, and 1�Protease Inhibitor
Cocktail) was added to the pellet obtained after 750g centrifugation. The
pellet and buffer Bweremixed by gentle pipetting and kept in ice for 15min.
Ten percent Nondet NP-40 was then added and centrifuged at 10000g
for 30 s. The supernatant was discarded, and the pellet was resuspended
in extract buffer C. The pellet was homogenized and then centrifuged at
10000g for 20 min to collect the supernatant (the nuclear fraction).

WesternBlotAnalysis.Western blot was performed as in our previous
publications (20). Protein Assay Kit for protein quantity analysis was
purchased from Bio-Rad (Hercules, CA). The enhanced chemilumines-
cence (ECL) detection system was purchased from Amersham (Arlington
Heights, IL). The mouse monoclonal antibody against cytochrome c was
obtained from ZYMED1 Laboratories, Inc. (South San Francisco, CA).
All other antibodies were provided by Santa Cruz (Santa Cruz, CA).

Xenograft Assays in Nude Mice. In vivo animal experiments with
female Balb/c nude mice were conducted in accordance with the regulations
of experimental animal administration and the animal ethical committee
of the Medical College, Xiamen University. BEL7402 cells (2�106/mice)
were implanted by subcutaneous injection in the left flank of themouse. To
examine whether CK affects metastatic growth in the liver, BEL7402 cells
(6�106/mice) were injected into nude mice by intraportal vein injection as
previously described (21). Then normal saline containing different concen-
trations of CK was administered to the mice by intraperitoneal injection
every other day for 5 weeks. Mice in untreated control groups were given
normal saline alone. Shortly after treatment ofCK, allmicewere killed and
examined for the growth of subcutaneous tumors and micrometastasis
formation. Six nude mice were used in each set of experiments.

Statistic Analysis. The data are presented as the mean ( SD for at
least three separate determinations for each group. Differences between
the groups were examined for statistical significance using Student’s t test
with SPSS software.

RESULTS

CK Potently Attenuated Cell Viability in HCC Cells. To evaluate
the cytotoxicity of CK (Figure 1A) on the proliferation of human
HCC cells, we examined the effect of different concentrations of
CK on cellular proliferation for 12, 24, and 48 h on BEL7402 and
SMMC7721 cells by theMTTmethod.The growth inhibitory effects
of CK against HCC cells are shown in Figure 1B,C. The results
showed that CK significantly inhibits growth in concentration-
and time-dependent manners. A significant loss of viability was
detected in twoHCCcell lines thatwere treatedwithg5.0μMCK
for 48 h. For example, the BEL7402 cell survival rates following
dosagewith 5.0 μMCKat 48 h amounted to 42.60( 9.87% com-
pared to the control cells. We also examined the cell proliferation
rate by BrdU-labeling assay, and similar results were observed
(data was not shown). These results indicate that high concentra-
tions of CK potently attenuate HCC cell viability (Figure 1B,C)
but have little effect on the proliferation of cells that are treated
with low concentrations of CK.

CK-Induced Apoptotic Cell Death in HCC Cells. To verify CK-
induced apoptosis of HCC cells, we first examined the changes in
cell morphology of BEL7402 after CK exposure under the phase
contrast microscope. Forty-eight hours after exposure to 5.0 μM
CK,HCC cells began to show cell shrinkage, rounding, and frag-
mentation and, thus, took on the typical appearance of apoptotic
cells when compared to the untreated cells (Figure 1D). Then, we
also analyzed cellmorphological changes byHoechst 33258 staining.
The CK-treated cells also exhibited morphological changes indic-
ative of apoptosis, including chromatin condensation and nuclear
fragmentation (Figure 1E) .

Two HCC cell lines, BEL7402 and SMMC7721, were used,
and the flow cytometric measurement of cellular apoptosis by
using annexin V levels revealed a consistent increase in apoptosis
(Figures 2 and 3). After treatmentwith different concentrations of
CK for 24 h, while the control group was serum-starved for 24 h,
the results showed thatCK induced apoptosis (annexinV levels of
the cells) in a concentration-dependent manner (Figures 2A and
3A), respectively.Moreover, 5.0 μMCK inducedHCC apoptosis
in a time-dependentmanner. For example, as shown inFigure 2B,
the annexin V levels of BEL7402 cells after treatment with 5.0 μM
CK for 36 h and the serum-starved control cells were 19.10( 2.91
and7.91(1.02%, respectively (Figure 2B,P<0.05). Similar results
were observed in SMMC7721 cell experiments (Figure 3B). These
results indicate thatCKdramatically inducedHCCcell apoptosis in
concentration- and time-dependent manners. However, these ob-
servations were not fully consistent with the cell growth inhibition
detected by MTT assay (Figure 1B,C). We believe that these dif-
ferences are due to different detection systems.

To understand the mechanisms of how CK-induced HCC
apoptotic cell death, we examined a number of relevant apoptotic
proteins. As shown in Figures 2C and 3C, the Bak level in both
control cells and CK treatment groups remained almost un-
changed after 48 h of treatment, but the total cellular Bax level
increased after 24 h with 5.0 μM CK treatment. In contrast with
Bax, the total cellular Bcl2 level had a slight decrease. More
importantly, a significant decrease of Bid was detected after 24 h
with 5.0 μM CK treatment in BEL7402 and SMMC7721 cells,
suggesting Bidmay be cleaved into a p15 formof tBid, which then
translocated to mitochondria and mediated apoptosis. In addi-
tion, the typical procaspase-3 cleaved band was observed at 36 h
after CK treatment in BEL7402 cells (Figure 2C), and the typical
PARP cleaved band was observed at 24 h after CK treatment in
SMMC7721 cells (Figure 3C).

CK Prominently Attenuated Xenograft Metastatic Growth in

Nude Mice Transplanted with BEL7402 Cells. To further assess
the biological significance of CK on the development of HCC,
we investigated whether CK could alter the xenograft growth in
nude mice transplanted with BEL7402 cells in vivo. As shown in
Figure 4A,B, CK appeared to significantly attenuate the sub-
cutaneous tumor growthover the controls, and the average tumor
weight ratio of negative groups (saline normal) was>3-fold that
inCKgroups (P<0.05).Meanwhile, subcutaneous tumor tissues
were examined by H&E staining (Figure 4C, top panel), and Bid
protein was analyzed by immunohistochemical staining. Tumors
treated with 10.0 mg/kg CK showed obviously depressed expres-
sion of Bid (Figure 4C, bottom panel), together with the cellular
debris andmorphological changes associatedwith apoptosis. The
result of Bid expression in immunohistochemical staining is in
accordance with the significant decrease of Bid found byWestern
blot analysis in HCC cells treated with CK (Figures 2C and 3C).

Furthermore, we next examined whether the effective dose of
CK could affect themetastatic potential and growth of the cancer
cells in vivo. BEL7402 cells (6� 106/mice) were introduced into
the nude mice via intraportal vein injection. Five weeks after the
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inoculation of tumor cells, the animals were sacrificed for the
examination of metastatic growth. Strikingly, tumor metastases
were detected in the liver of the negative groups (saline normal)
(Figure 4D, left panel). In contrast, no visually observablemetastatic
tumorswere found in the liverofCKgroups (10.0mg/kg) (Figure4D,
right panel). Tumor metastases in the liver of CK treatment
group showed similarly depressed expression of Bid, which was also

analyzed by immunohistochemical staining (Figure 4E, bottom
panel). Taken together, these results suggest that the effective dose
of CK strongly attenuated tumor metastatic growth in vivo.

Distribution of Bid and Release of Cytochrome c in Response to

CK Treatment. To further explore the functional mechanisms of
Bid in humanHCCcells in response toCK-induced apoptosis, we
analyzed the cellular location and distribution of Bid following

Figure 2. CK induced apoptotic cell death in HCC BEL7402 cells. BEL7402 cells were plated into triplicate wells of 6-well cell culture plates and treated with
2.5, 5.0, 7.5, or 10.0μMCK for 24 h (A) or treated with 5.0μMCK for 12, 24, or 36 h (B), respectively. The control groupwas serum-starved for 24 h. The cells
were stained with annexin V and propidium iodide as the experimental procedures. Representative plots and average annexin V positive-PI negative
percentages were determined by flow cytometric analysis. / indicates P < 0.05 compared with the control. (C, D) Effect of CK on the expression of apoptosis-
related proteins, Fas and Fas-L, in BEL7402 cells. BEL7402 cells were treated with 5.0 μM CK for 12, 24, 36, or 48 h, and then the total cell lysates were
subjected to Western blotting analysis.
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CK treatment. We first evaluated the subcellular localization of
Bid following treatment of human HCC cells with 5.0 μMCKby
using immunofluorescence staining. As shown in Figure 5A, a
portion of Bid protein was localized in the nuclei. However,
following 5.0 μM CK treatment for 48 h, consistent with typical
mitochondrial protein Hsp60 (Figure 5A, middle panel), most of
the Bid protein was distributed in the mitochondria and little was
observed in the nuclei (Figure 5A, bottom left panel). Therefore,
the distinct subcellular localization of Bid occurred in HCC cells
treatedwith the effective doses of CK, indicating that the location

of Bid in HCC cells may be important for executing its apoptotic
functions.

To further assess the subcellular localization of Bid in human
HCC cells, we performedWestern blotting analysis of subcellular
fractionations. As shown in Figure 5B, after exposure of the
human HCC cells on 5.0 μM CK for 48 h, the endogenous Bid
translocated from the nuclei to the mitochondria and the cytosol.
This is in accordance with the localization of Bid observed by
immunofluorescence staining (Figure 5A). In addition, accom-
panying the translocation of Bid to the mitochondria, the release

Figure 3. CK induced apoptotic cell death in HCC SMMC7721 cells. SMMC7721 cells were treated by CK at different concentrations for 24 h (A) or treated
with 5.0μMCK for different periods times (B), respectively. The control groupwas serum-starved for 24 h. The cells were stainedwith annexinV and propidium
iodide as the experimental procedures. Representative plots and average annexin V positive-PI negative percentages were determined by flow cytometric
analysis. / indicates P < 0.05 compared with the control. (C, D) Effect of CK on the expression of apoptosis-related proteins, Fas and Fas-L, in SMMC7721
cells. SMMC7721 cells were treated with 5.0 μM CK for 12, 24, 36, or 48 h, and then the total cell lysates were subjected to Western blotting analysis.
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of cytochrome c from mitochondria to the cytosol was observed
(Figure 5B). On the basis of the above results, Bid-mediatedmito-
chondrial activation accompanying cytochrome c release may be
a pivotal mechanism for CK-induced HCC apoptotic cell death
(Figure 6).

DISCUSSION

Ginseng saponins have been widely reported to exert anticancer
activity. CK is an intestinal bacterialmetabolite of panaxoside. It has
been reported to effectively inhibit the growth of a variety of tumor
cells (23,24).We have demonstrated that CK exerts an antiprolifera-
tion effect inHCC (18). However, the relationships betweenCKand
HCC are not clearly understood. Especially, its molecular mecha-
nisms on inducing apoptosis in HCC cells have not been reported.
Therefore, here,we focused on the cellular location anddistribution
of Bid, a key molecule in the process of CK-induced apoptosis in
BEL7402, a HCC cell line with high metastatic potentials.

Cancer cells, includingHCC, commonly resist cell death through
either disruption of apoptotic processes or activation of survival
signals.Our previous study showed thatCK inhibited the cell growth
of HepG2 and MHCC97-H HCC cell lines in a concentration-
and time-dependentmanner (18). In this study,we first found that
CK could significantly inhibit the viabilities of HCC cell lines
BEL7402 and SMMC7721 in a concentration-time-dependent
manner. To clarify whether CK can induce apoptosis in HCC cells,
Hoechst33342 staining and annexin-V/PI staining assays showed
that CK could apparently induce HCC cell apoptosis.

Figure 4. CK potently attenuated xenograft metastatic growth in nude

mice transplanted with BEL7402 cells. (A, B) BEL7402 cells were

injected into Balb/c nude mice via subcutaneous injection. Different

doses of CK were administered to the mice by intraperitoneal injection

every other day. Control groups were given normal saline alone. After

35 days, the mice were sacrificed and analyzed for tumor formation.

/ indicates P < 0.05 compared with the control groups. (C) The sub-

cutaneous tumors of untreated and CK-treated nude mice were immuno-

stained with anti-Bid antibody and analyzed by H&E staining. The

positive staining for Bid protein is shown in brown color. All sections

were counterstained with hematoxylin, shown in blue color. (D) Typical

photographs of CK prominently attenuated tumor metastasis in the liver

via intraportal vein injection as xenografts in nude mice. (E) Expression

of Bid in the tumor metastasis of the liver tissues in nude mice by

immunohistochemical and H&E staining analysis.

Figure 5. Translocation of Bid and cytochrome c release into the cytosol in
response to CK treatment. (A) BEL7402 cells were immunostained with
anti-Hsp60 and anti-Bid antibodies followed by the corresponding FITC-
and TRITC-conjugated secondary antibodies to show the presence of
Hsp60 and Bid proteins simultaneously. The fluorescent images were
visualized with a fluorescencemicroscope. (B) Distribution of Bid and cyto-
chrome c in the cytosolic, mitochondrial, and nuclear fractions by Western
blot analysis. Tublin, lamin B, andHsp60were used as the loading controls.
/ indicates nonspecific bands.
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There are two classic apoptotic pathways in mammalian cells,
namely, an internal pathway and an external pathway, also known
as the mitochondria-mediated apoptotic pathway and the death
receptor-mediated apoptotic pathway. Accumulated reports sug-
gest that they have cross-talk. Some studies found that themecha-
nisms on CK-induced tumor cell apoptosis are both involved in
the two apoptotic pathways (24,25). To further clarify the apoptotic
molecular mechanisms of HCC cells induced by CK treatment,
we analyzed a series of apoptosis-related protein expression in the
total proteins of HCC BEL7402 and SMMC7721 cells treated
with CK for different periods using aWestern blotting assay. The
most important result we found is that the expression level of Bid
was down-regulated significantly, and pro-caspase-3 and PARP
showed cleavage activation after CK treatment. Furthermore,
cytochrome c expressions in cytoplasm induced by CK were also
detected (Figure 5B). However, we did not observe the significant
change of expression levels ofFas andFas-L (Figures 2D and 3D).
In addition, we could not observe the cleaved Bid (tBid, 15 KD)
expression in the total or mitochondrial protein by Western
blotting analysis. We believe that tBid protein is unstable, and
it promotes ubiquitin degradation easily. Taken together, these
results show that CK induces apoptosis in HCC cells mainly
through the Bid-mediated mitochondria internal pathway. It is
worth mentioning that the total expression rate of Bax/Bcl-2
might partly indicate the fate of cells. Our study demonstrated
that CK up-regulated pro-apoptotic Bax protein expression in a
time-dependent manner. These results suggest that pro-apoptotic
Bax proteins might also play an important role in CK-induced
HCC cell apoptosis.

Bid is a BH3-only Bcl2 familymemberwithmultiple functions.
First, Bid has emerged as a central player linking death signals
through surface death receptors to the core apoptotic mitochon-
drial pathway (26). According to previous studies, full-length Bid
is sufficient for the activation of mitochondrial cell death pathways
in response to internal and external signals.Here, weprovide solid
evidence suggesting pro-apoptotic effects of CK in HCCmediated

by full-lengthBid. Recently, using other cell lines, Cho et al. reported
similar results and hypothesized that pro-apoptotic effects of CK
(10-20 μM) could be linked to the activation of caspases-3, -8,
and -9, the loss of mitochondrial membrane potential, the release
of cytochrome c and Smac/DIABLO to the cytosol, the translo-
cation of Bid andBax tomitochondria, and the down-regulations
of Bcl-2 and Bcl-xL (27). On the other hand, Choi et al. reported
that CK induced tumor-specific apoptotic cell death of human
malignant astrocytoma cells via the intrinsic pathways along with
the involvement of the mitochondria (28). Furthermore, most
recentlyKim et al. also demonstrated thatCK exhibited cytotoxic
effects via AMPK activation, ROS generation, and induction of
apoptosis (29). To show the clear site-specific effect of Bid in
human carcinoma cells by CK treatment, we combined immuno-
fluorescence and cell fractionationmethods. Inmorphology,Hsp60
was chosen as a specific mitochondrial marker. Our data showed
that Bid was localized in both the cytosol and the nucleus ofHCC
cells that were not subjected to CK treatment. After treatment
with 5.0 μM CK, most of the Bid protein was distributed in the
mitochondria, and little was observed in the nucleus. This differ-
ence in the subcellular localization of Bid in HCC cells indicates
that the location of Bid in cells may be important to the execution
of its pro-apoptotic function. To further assess the subcellular
localization of Bid in HCC cells, we performed Western blotting
analysis of the subcellular fractionations of Bid (Figure 5B). The
results showed that endogenous Bid translocated from the nuclei
to the mitochondria and the cytosol, and this is in agreement with
the localization of Bid observed by immunofluorescence staining.
In particular, our concern is the nuclear Bid translocation occurring
by CK treatment, and this biological process performed possibly
by the assistance of p53 (8). In addition to the translocation ofBid
to the mitochondria, the release of cytochrome c from the mito-
chondria to the cytosol was observed, which is a clear marker of
mitochondrial alterations in apoptosis. Our data therefore clarify
the molecular mechanisms of Bid-mediated apoptosis of HCC
cells in response to CK treatment.

In conclusion, the present studies demonstrated that CK,
a novel ginseng saponin metabolite, could significantly inhibit
proliferation and induce apoptosis in humanHCC cells via a Bid-
mediatedmitochondrialpathway,whichmaybeapivotalmechanism
for CK-inducedHCC apoptotic cell death. The elucidation of the
mechanism of Bid points to CK-induced apoptosis, suggesting a
possible therapeutic option of CK or potential of combination
with other chemotherapies targeting Bid to treat HCC.

ABBREVIATIONS USED

BH, Bcl2-homology region; Bid, BH3-interacting domain death
agonist; BSA, bovine serum albumin; CK, compoundK;DMSO,
dimethyl sulfoxide; FBS, fetal bovine serum; HCC, hepatocellular
carcinoma; H&E, hematoxylin and eosin;MTT, 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide; PBS, phosphate-
buffered saline; PI, propidium iodide; tBid, truncated Bid.
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