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20-Epi-20-O-acetylthevetin B induces apoptosis partly via Ca2þ-mediated
mitochondrial pathway in human hepatocellular carcinoma HepG2 cells
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Abstract
20-Epi-20-O-acetylthevetin B (GHSC-74), a cardiac glycoside, can be isolated from the seeds of Cerbera manghas L. We demonstrated that
GHSC-74 reduced the viability of HepG2 cells in a time- and dose-dependent manner, and efficiently induced apoptosis without significantly
decreasing the viability of Chang human liver cells and Swiss albino 3T3 fibroblasts, as indicated by annexin-V/PI binding assay and Hoechst
33342 staining. In addition, stimulation of HepG2 cells with GHSC-74 induced a series of intracellular events: (1) loss of mitochondrial
membrane potential; (2) sustained elevation of cytosolic [Ca2þ]; and (3) downregulation of Bcl-2. BAPTA-AM, a cytosolic Ca2þ chelator, partly
suppressed cell death and prevented mitochondrial membrane potential from losing in GHSC-74-treated HepG2 cells. In contrast, EGTA, an
extracellular Ca2þ chelator, exhibited a weaker effect as compared to that of BAPTA-AM. Taken together, the Ca2þ-mediated mitochondrial
pathway was found to be involved in GHSC-74-induced HepG2 cell apoptosis.
� 2009 International Federation for Cell Biology. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

20-Epi-20-O-acetylthevetin B (GHSC-74; Fig. 1) has been
isolated from the seeds of Cerbera manghas L (Abe and
Yamauchi, 1977), which belongs to the class of steroid-like
compounds called cardiac glycosides. Their continued efficacy
in the treatment of congestive heart failure and dysrhythmia is
well known (Altamirano et al., 2006; Braunwald, 1985).
However, there is little knowledge about the role of these
compounds in the prevention and/or treatment of proliferative
diseases such as cancer. In the last 5 years, these compounds
have been shown to be involved in complex cell-signal
transduction mechanisms, inducing selective control of human
tumors rather than normal cellular proliferation (Wilhelm and
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Georgios, 2007; Steffen et al., 2006), and as such represent
a promising candidate for targeted cancer chemotherapy.

Hepatic resection and liver transplantation are the two
mainstays of curative treatment for hepatocellular carcinoma
(HCC), but can only be applied to the early stage of HCC
(Poon et al., 2001; Schwartz, 2004). The majority of patients
with HCC are diagnosed at a late stage when curative treat-
ment is not applicable. Thus, developing new therapeutic and
preventive strategies inducing apoptosis could be effective in
controlling the proliferation and invasiveness, having found
a prognosis of advanced stage HCC.

Ca2þ is one of the most versatile universal signaling
mediators of cellular apoptosis. Several findings indicate that
mitochondrial Ca2þ accumulation plays a central and intrinsic
role in mediating cellular apoptosis (Nutt et al., 2002; Orre-
nius, 2004; Scorrano et al., 2001). Although the importance of
the endoplasmic reticulum (ER) as the major storage organelle
is indisputable, studies have demonstrated that mitochondrial
sequestration of large amounts of Ca2þ contributed to cell
Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Chemical structure of GHSC-74.
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death via apoptosis or necrosis (Orrenius, 2004; Parekh and
Putney, 2005; Rizzuto and Pozzan, 2006). It has also been
suggested that apoptosis can be induced in response to alter-
ations in intracellular Ca2þ compartmentalization and
enhanced mitochondrial Ca2þ accumulation (Nutt et al., 2002;
Orrenius, 2004). Nutt et al. (2002) and Kirichok et al. (2004)
found that the mitochondrial uniporter, a Ca2þ-selective ion
channel present on the outer mitochondrial membrane, medi-
ated rapid mitochondrial uptake of the Ca2þ following release
from ER store. In addition, activation of the uniporter, together
with a rise in mitochondrial Ca2þ, stimulated generation of
reactive oxygen species (ROS) and free fatty acids, thus
promoting opening of the permeability transition pore (PTP)
(Scorrano et al., 2001; Starkov et al., 2004). Opening of the
PTP caused dissipation of the mitochondrial membrane
potential and eventually the release of Ca2þ. However, under
certain circumstances, mitochondrial Ca2þ accumulation acted
as a trigger for release of pro-apoptotic molecules from the
mitochondria, leading to execution of the cells (Hajnoczky and
Hoek, 2007). In vivo and in vitro studies of Murphy et al.
(1996) showed that Bcl-2 regulates intracellular Ca2þ levels
and prevents the loss of mitochondrial membrane potential
induced by pro-apoptotic stimuli.

The aim of our investigation was to elucidate molecular
mechanisms of Ca2þ-mediated mitochondrial pathway in
GHSC-74-induced HepG2 cell apoptosis.
2. Materials and methods
2.1. Reagents
Reagents used in the present study included Minimal
essential medium (MEM), RPMI 1640 medium, Dulbeccco’s
modified Eagle’s medium (DMEM), fetal bovine serum
(FBS), newborn calf serum (NCS), penicillin, streptomycin,
trypsin-EDTA (GIBCO Laboratories, Grand Island, USA);
dimethylsulfoxide (DMSO), 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenylterazolium bromide (MTT), ethylene glycol-bis-(2-
aminoethylether)-N,N,N0,N0-tetraacetic acid (EGTA), Hoechst
33342, propidium iodide (PI), annexin-V-FITC apoptosis
detection kit (Sigma Chemical Co., St. Louis, USA); the
mitochondrial membrane potential probe 5,50,6,60-tetrachloro-
1,103,30-tetraethyl-benzimidazoylcarbocyanine iodide (JC-1)
(Invitrogen Molecular Probes, Eugene, USA); Ca2þ dye Fluo-
3/AM (Calbiochem, Bad Soden, Germany); 1,2-bis(2-amino-
phenoxy)-ethane-N,N,N0,N0-tetraacetic acid (BAPTA)-AM
(Dojindo, Kumamoto, Japan); and anti-Bcl-2 andanti-b-actin
(Santa Cruz Biotechnology, Santa Cruz, USA). All other
chemicals were of analytical grade.
2.2. Test compound
GHSC-74 (purity� 95% by 1H nuclear magnetic resonance
(NMR) spectroscopy and liquid chromatographyemass spec-
trum (LCeMS)) was purified by Shanghai Institute of Materia
Medica, the Chinese Academy of Sciences according to the
previously described method (Abe and Yamauchi, 1977).
Briefly, fresh seeds (1.3 kg dry weight) of C .manghas L. were
cut into pieces and extracted exhaustively with MeOH
(3� 15 L). The MeOH extract was concentrated in vacuo to
give a residue, which was dissolved in H2O (1000 ml) and the
solution was partitioned consecutively between H2O and
petroleum ether, H2O and EtOAc, H2O and n-BuOH. The
n-BuOH extract (62 g) was separated by column chromatog-
raphy (CC) on silica gel (100e200 mesh). The column was
eluted with a gradient of chloroformeMeOH (9:1e0:100) to
give six fractions (Fr.1eFr.6) on the basis of TLC checking.
Fraction 1 (9.0 g) was further purified by CC on silica gel
(100e200 mesh) and eluted with a gradient of chloroforme
MeOH (98:2e9:1), followed by Sephadex LH-20 (chloroform/
MeOH 1:1) to give GHSC-77 (4.5 mg) and GHSC-73
(185 mg).
2.3. Cell culture and drug preparation
Human hepatocellular carcinoma (HCC) cell line HepG2,
Chang human liver cells and Swiss albino 3T3 fibroblasts were
purchased from the cell bank of Shanghai Institute of Cell
Biology (Shanghai, China). HepG2 cells were maintained in
MEM containing 10% heat-inactivated FBS, and 100 U/ml
penicillin plus 100 mg/ml streptomycin. Chang human liver
cells were maintained in RPMI 1640 containing 10% heat-
inactivated NCS, and 100 U/ml penicillin plus 100 mg/ml
streptomycin. Swiss albino 3T3 fibroblasts were maintained in
DMEM containing 10% heat-inactivated FBS, and 100 U/ml
penicillin plus 100 mg/ml streptomycin. Cells were grown in
a 37 �C incubator supplied with 95% air and 5% CO2. After
growing to 60e80% confluency, cells were trypsinized with
0.25% trypsin-EDTA, counted, and placed at the desired
density for treatment. GHSC-74 was dissolved in DMSO and
further diluted in PBS. The final DMSO concentration was
0.1%, which did not affect cell function and the assay systems.
2.4. Cell proliferation assay
The effect of GHSC-74 on viability of HepG2 cells, Chang
human liver cells and Swiss albino 3T3 fibroblasts was
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determined with the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) assay (Mosmann, 1983). Cells
were plated at 1� 104 cells/well in 100 ml complete culture
medium and treated with various concentrations of GHSC-74 in
96-well microtiter plates. Each concentration of GHSC-74 (0e
40 mM) was repeated in 10 wells. Cell viability was determined
24, 48 and 72 h after incubation at 37 �C in a humidified incu-
bator. MTT (5 mg/ml in PBS) was added to each well and
incubated for 4 h. The plate was centrifuged at 1800 rpm for
5 min at 4 �C and the supernatant aspirated from the wells. After
careful removal of the medium, 200 ml DMSO was added to
each well and shaken well. Absorbance (A) was recorded on
a microplate reader (Model 550; Bio-Rad, USA) at 550 nm. Cell
viability was calculated based on the following formula: cell
viability (%)¼ (average A550nm of treated group/average A550nm

of control group)� 100%. The inhibitory effect of GHSC-74 on
cell growth was assessed as percent cell viability, where cells
without treatment were considered 100% viable.
2.5. Assessment of cell morphological changes
Cell morphological changes were first observed by light
microscopy, and then examined for morphological change by
nuclear Hoechst 33342 staining as previously described (Park
et al., 2005). Cells were washed with PBS and fixed with 4%
paraformaldehyde in PBS for 10 min at room temperature. The
fixed cells were washed with PBS, and stained with 4 mg/ml
Hoechst 33342 for 20 min at room temperature. The cells were
washed twice with PBS and visualized with a fluorescence
microscope (Olympus, IX70, Japan).
2.6. Annexin-V-FITC/PI assay of apoptotic cells
Apoptosis was determined by annexin-V-FITC staining and
PI labeling, because annexin-V can identify externalization of
phosphatidylserine during the progression of apoptosis and,
therefore, can detect cells in early stages of apoptosis. To
quantify apoptosis, prepared cells were washed twice with
cold PBS and resuspended in 500 ml binding buffer (10 mM
HEPES/NaOH (pH 7.4), 140 mM NaCl and 2.5 mM CaCl2) at
a concentration of 1� 106 cells/ml. Five microliters annexin-
V-FITC and 10 ml PI (1 mg/ml) were then added to these cells,
which were analyzed with a FACScalibur flow cytometer
(Becton Dickinson) and calculated by CellQuest software.
Early apoptotic cells were positive for annexin-V and negative
for PI, while late apoptotic dead cells displayed both high
annexin-V and PI labeling.
2.7. Western blot analysis
Cells were scraped from the culture, washed twice with PBS,
and then suspended in 30 ml Western blot lysis buffer containing
50 mM TriseHCl (pH 7.5), 250 mM NaCl, 1 mM EDTA, 1 mM
EGTA, 1 mM NaF, 1 mM phenylmethylsulfonyl fluoride, 1 mM
DTT, 20 mg/ml leupeptin, 20 mg/ml aprotinin, 0.1% Trion X-
100, and 1% SDS at 0e4 �C for 15 min. After centrifugation at
12,000� g for 5 min at 4 �C, the supernatant was collected, and
the protein concentration was determined using bicinchoninic
acid (BCA) protein assay (Beyotime Biotechnology, Haimen,
China). Equal amounts (50 mg protein) of lysate were subjected
to a 12% SDS-PAGE. After electrophoresis, protein blots were
transferred to a nitrocellulose membrane using an electro-blot-
ting apparatus (Bio-Rad). The membrane was blocked with 5%
nonfat milk in TBST solution, and incubated overnight with the
corresponding primary antibodies in the blocking solution at
4 �C. After three washes with TBST solution, the membrane was
incubated at room temperature for 1 h, with horseradish
peroxidase-conjugated secondary antibody diluted with TBST
solution (1:3000). The signals of detected proteins were visu-
alized by an enhanced chemiluminescence reaction (ECL)
system (Amersham, ECL kits).
2.8. Measurement of cytosolic [Ca2þ]
Cytosolic [Ca2þ] was measured by using Fluo-3/AM,
a fluorescent dye, which is cleaved and trapped inside cells
(Suzuki et al., 1996). Cells were plated in a 6-well plate at
a density of 5� 105 cells/well, as described above. After
exposure to GHSC-74 (4 mM) for the designated periods of time,
cells were incubated with 8 mM Fluo-3/AM for 45 min at 37 �C
in dark, washed twice with PBS, incubated for another 20 min at
37 �C in HEPES buffered Ringer’s medium (120 mM NaCl,
5.4 mM KCl, 0.8 mM MgSO4, 1.0 mM CaCl2,11 mM glucose,
20 mM HEPES and 0.2%BSA at pH 7.4), washed again with the
same buffer, and finally suspended in 500 ml PBS. Ca2þ-
dependent fluorescence intensity was measured by flow
cytometry on a fluorescence-activated cell sorter (FACSCalibur;
Becton Dickinson) in the fluorescence channel FL-1 with
excitation at 488 nm and emission at 530 nm.
2.9. Mitochondrial membrane potential assay
The mitochondrial membrane potential was determined
quantitatively by flow cytometry using the fluorescent lipophilic
cationic probe JC-1 (the probe 5,50,6,60-tetrachloro-1,10,3,30-
tetraethyl-benzimidazolcarbocyanine iodide) Detection Kit
following the manufacturer’s instructions. JC-1 was selectively
concentrated or accumulated within intact mitochondria to form
multimer J-aggregates emitting fluorescence light at 590 nm.
The monomeric form emits light at 527 nm after excitation at
490 nm. Thus the color of the dye changes from red to green
depending on the mitochondrial membrane potential, and can be
analyzed by FACS with green fluorescence in channel 1(FL1).
Briefly, HepG2 cells were treated with GHSC-74 (4 mM) for
24 h and 48 h, harvested, and washed with PBS. A total of
1� 106 cells were incubated in 1 ml PBS containing 10 mg JC-1
for 15 min at 37 �C in the dark. Stained cells were washed,
resuspended in 500 ml PBS, and analyzed on a flow cytometer
(FACScalibur; Becton Dickinson).
2.10. Statistical analysis
All data are presented as mean� S.D. All experiments were
done at least three times, and three or more independent
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observations were made on each occasion. Statistically signifi-
cant values were compared using Student’s t-test for single
comparison and p-values <0.05 were considered statistically
significant.

3. Results
3.1. Cytotoxic activity of GHSC-74
One tumorigenic human cell line HepG2 and two normal
cell lines (Chang human liver cells and Swiss albino 3T3
fibroblasts) were chosen to determine cytotoxic activity of
GHSC-74. A typical dose- and time-dependent inhibitory
effect on cell growth was observed in HepG2 cells with an
IC50 (median growth inhibitory concentration value) of
~0.5 mM following treatment with GHSC-74 for 48 h
(Fig. 2A). However, the doses (0e80 mM) of GHSC-74 did not
significantly decrease the viability of Chang human liver cells
and Swiss albino 3T3 fibroblasts (Fig. 2B). The higher dose
(80 mM) of GHSC-74 reduced the viability of Chang human
liver cells and Swiss albino 3T3 fibroblasts by ~7 and 30%,
respectively. These results demonstrated that GHSC-74 had
a significant inhibitory effect on proliferation of HepG2 cells
without significantly reducing the viability of normal cells.
3.2. GHSC-74 induces apoptosis in HepG2 cells
Fig. 2. Effect of GHSC-74 on cytotoxicity. (A) HepG2 cells were treated with
Hoechst staining was performed to determine whether the
inhibitory effect of GHSC-74 on cell growth was associated with
the induction of apoptosis. Fig. 3A shows that the nuclear
structure of control cells was intact, while condensed chromatin
and formation of apoptotic bodies were seen in the nuclei of
HepG2 cells cultured with 4 mM GHSC-74 for 48 h, where the
characteristic morphological change of apoptosis was seen.
However, the nuclear structure of Swiss albino 3T3 fibroblasts
with or without treatment of GHSC-74 remained intact (Fig. 3B).

To further confirm that it was GHSC-74 that induced cell
apoptosis, HepG2 cells were stained with annexin-V-FITC and
PI, and then analyzed by flow cytometry. The proportion of
annexin-V-staining cells in GHSC-74-treated HepG2 cells
increased markedly in a time- and dose-dependent manner
(Fig. 3C,D). There was a marked and dose-dependent increase
in the number of early apoptotic cells, ranging from
1.17� 0.12% to 14.26� 2.34% at 48 h and from
1.94� 0.43% to 33.40� 2.72% at 72 h after incubation with
different concentrations (0e8 mM) of GHSC-74. HepG2 cells
with a small amount of necrosis (annexin-V-negative and PI
positive proportion of cells) were observed.

The above results suggested that the cytotoxic effects
observed in response to GHSC-74 were associated with
induction of apoptotic cell death.
different concentrations (0e40 mM) of GHSC-74 for 24, 48 and 72 h. (B)

Chang human liver cells and Swiss albino 3T3 fibroblasts were treated with

different concentrations (0e80 mM) of GHSC-74 for 48 h. Cell proliferation

3.3. [Ca2þ]i is involved in GHSC-74-induced
HepG2 cell apoptosis
was determined by MTT assay, as previously described. Values are represented

as the percentage of viable cells; vehicle-treated cells were considered as

100% viable. The data represent mean percentages of viable cells� SD of

three independent experiments.
An abnormal elevation of cytosolic Ca2þ is one of the
major features of apoptosis (Carafoli and Molinari, 1998;
McConkey and Orrenius, 1996, 1997). To examine whether
GHSC-74-induced apoptosis was associated with increased
cytosolic Ca2þ, we evaluated the intensity of cytosolic Fluo-3
fluorescence, an indicator of cytosolic Ca2þ in HepG2 cells
treated with or without GHSC-74. Following treatment with
GHSC-74 (4 mM) for 48 h, cytosolic Ca2þ was 4.8 times the
control; GHSC-74 (4 mM) caused a transient and sustained
elevation of cytosolic Ca2þ compared to the control (Fig. 4A).

To identify the origin of cytosolic Ca2þ increased, cells
were pre-incubated with BAPTA-AM (5 mM) to chelate the
cytosolic Ca2þ, while EGTA (1 mM) in the culture medium
was used to chelate the extracellular Ca2þ, knowing that
cytosolic Ca2þ elevation is either due to Ca2þ influx from the
external medium or due to Ca2þ released from internal stores.
BAPTA-AM partly suppressed GHSC-74-induced cell death
(Fig. 4B). In contrast, EGTA exhibited little effect as
compared to BAPTA-AM (Fig. 4C), suggesting that increased
cytosolic Ca2þ in HepG2 cells was largely attributed to
redistribution of intracellular Ca2þ. Fig. 4D,E also shows that
BAPTA-AM partly blocked mitochondrial membrane



Fig. 3. GHSC-74-induced apoptosis in HepG2 cells. (A) Morphological change of HepG2 cells after treatment with GHSC-74 (4 mM) for 48 h. Cells treated with or

without GHSC-74 were observed by light microscopy (magnification 250�). Characteristic apoptosis (nuclear shrinkage, presence of apoptotic bodies and

membrane blebbing) was seen on fluorescence micrographs of GHSC-74-treated cells stained with Hoechst 33342 (magnification 200�), while the nuclei of

control cells stained with Hoechst 33342 looked normal on fluorescence micrographs (magnification 200�). Data are representative of 3 independent experiments.

(B) Morphological change of Swiss albino 3T3 fibroblasts after treatment with GHSC-74 (4 mM) for 48 h. The nuclei of cells treated with or without GHSC-74

looked normal. Data are representative of three independent experiments. (C) Detection of GHSC-74-induced apoptosis and necrosis with annexin-V-FITC and PI

staining. Exponentially growing cells were treated with the designated concentrations of GHSC-74 for 48 and 72 h. Cells with annexin-V and PI staining were

measured by flow cytometry. (D) A graph showing the percentage of early apoptotic cells and late apoptotic cells from C. The data represent the mean� S.D. of

three independent experiments. Asterisks indicate significant difference from control (**p< 0.01).
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Fig. 4. [Ca2þ]i was involved in HepG2 cell apoptosis induced by GHSC-74. (A) Time-course effect of GHSC-74 (4 mM) on cytosolic Ca2þ in HepG2 cells after

treatment for 0, 12, 24 and 48 h. Cells loaded with Fluo-3/AM (8 mM) were measured by flow cytometry. (B) and (C) Cells were pre-incubated with BAPTA-AM

(5 mM) or EGTA (1 mM) for 30 min and further incubated with 4 mM GHSC-74 for 48 h. Apoptosis was analyzed by FACS using double staining with FITC-

labeled annexin-V and PI. (D) and (E) After pretreatment with 5 mM BATPA-AM for 30 min, cells were treated with GHSC-74 for 48 h and incubated with JC-1

prior to flow cytometric analysis as described previously. Each experiment was performed in triplicate and the data represent the mean� S.D. *p< 0.05,

**p< 0.01, compared with control. (F) Cells were treated with 4 mM GHSC-74, and 50 mg protein was separated on a 12% SDS-PAGE gel. b-Actin was included

as an internal standard to normalize loadings.
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depolarization in HepG2 cells treated by GHSC-74, indicating
that elevation of [Ca2þ]i was partly responsible for the
collapse of DJm in GHSC-74-treated HepG2 cells.

Proteins of the Bcl-2 family are critical determinants of the
cellular threshold for apoptosis (Yang et al., 1997). GHSC-74
time-dependently decreased the protein abundance of Bcl-2 in
HepG2 cells as early as 12 h after treatment (Fig. 4F).

4. Discussion

Many efforts have been made to search for compounds that
can influence apoptosis and understand mechanisms of their
actions. In recent years, more knowledge has been obtained
about how cardiac glycosides induce cell death in human
cancers.
Recently, several lines of evidence have shown that intra-
cellular Ca2þ plays a critical role in apoptosis, probably through
the direct activation of caspases or collapse of DJm (Assaf et al.,
2004). In addition, two hypotheses have been proposed to
explain the involvement of Ca2þ in the apoptotic process. The
first is that the depletion of intracellular stores (such as endo-
plasmic reticulum) and possibly the influx of extracellular Ca2þ

promote an increase of cytosolic Ca2þ that acts as a signal for
apoptosis. The second hypothesis is the emptying of intracellular
Ca2þ stores that trigger apoptosis, perhaps by disrupting the
intracellular architecture, thus allowing key elements of the
effector machinery (e.g. DNase 1) to gain access to their
substrates (McConkey and Orrenius, 1997). Mammalian cells
normally maintain [Ca2þ]i at ~100 nM, which is 10,000-fold
lower than extracellular Ca2þ, sequestering Ca2þ for
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intracellular signaling. Two major types of intracellular Ca2þ

stores exist (Carafoli, 1987): (1) endoplasmic reticulum (ER),
which functions as a high-affinity, low-capacity Ca2þ pool, and
(2) mitochondria, which are low-affinity, high-capacity Ca2þ

pool. Bcl-2 may prevent cell death by regulating Ca2þ flux
through ER (Baffy et al., 1993; Distelhorst et al., 1996; Lam
et al., 1994) or mitochondria (Murphy et al., 1996). Mitochon-
dria have the capacity to store Ca2þ as calcium phosphate and to
buffer physiological increases in [Ca2þ]i provided the mito-
chondrial membrane potential is maintained. Mitochondrial
accumulate large loads of Ca2þ under conditions of rapid and
prolonged entry of Ca2þ into the cytoplasm, which occurs during
treatment with cytotoxic agents such as H2O2. Excess Ca2þ loads
cause mitochondrial respiratory impairment, followed by
a decrease in membrane potential and Ca2þ efflux from the
mitochondria (Murphy et al., 1996).

GHSC-74 caused a transient and sustained elevation of
cytosolic Ca2þ in HepG2 cells (Fig. 4A). BAPTA-AM partly
blocked cell apoptosis and death induced by GHSC-74
(Fig. 4B) and suppressed the DJm decrease (Fig. 4D and 4E),
both of which imply that HepG2 cell apoptosis was partly
controlled by cytosolic Ca2þ increase. In contrast to BAPTA-
AM, EGTA exhibited little effect on GHSC-74-induced cell
apoptosis (Fig. 4C), implying that extracellular Ca2þ influx
also made little contribution to increased cytosolic Ca2þ. We
conclude that combinatory cytosolic Ca2þ increase in HepG2
cells by the depletion of intracellular stores (such as endo-
plasmic reticulum) after GHSC-74 treatment triggers cell
apoptosis; thus, the second hypothesis and extracellular Ca2þ

influx could be excluded. Besides, it is noteworthy to mention
that BAPTA-AM only partially inhibited GHSC-74-induced
cell apoptosis and suppressed the DJm decrease, implying
that the Ca2þ-dependent mitochondrial pathway is not the only
pathway involved in GHSC-74-induced cell apoptosis.

However, GHSC-74 decreased the protein level of Bcl-2 in
HepG2 cells (Fig. 4F). Several other reports (Mathai et al.,
2005) noted that redistribution of intracellular Ca2þ was
tightly regulated by Bcl-2 oncogene. Bcl-2 has been demon-
strated to act as an ion channel in isolated bilayers (Minn
et al., 1997) and display a complex distribution in cells
(Lithgow et al., 1994). Co-localization of Bcl-2 with Ca2þ

pumps and channels on ER and the nuclear membrane has
raised the possibility that Bcl-2 may play a role in maintaining
Ca2þ homeostasis in these compartments. Therefore, whether
inhibition of Bcl-2 in GHSC-74-treated HepG2 cells is closely
related to redistribution of intracellular [Ca2þ] awaits more
experiments to elucidate.

In conclusion, GHSC-74 is a potent anti-proliferative to
HepG2 cells, and may be a promising chemopreventive or
chemotherapeutic agent.
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