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Abstract

AIM: To investigate the apoptotic activities of casticin
in hepatocellular carcinoma (HCC) cells and its molecu-
lar mechanisms.

METHODS: PLC/PRF/5 and Hep G2 cell lines were
cultured /n vitro and the inhibitory effect of casticin on
the growth of cells was detected by 3-[4,5-dimethylthi-
azol-2-yl]-2,5 diphenyl tetrazolim bromide (MTT) assay.
The apoptotic cell death was examined using the cell
apoptosis enzyme linked immunosorbent assay (ELISA)
detection kit, flow cytometry (FCM) after propidium
iodide (PI) staining and DNA agarose gel electrophore-
sis. The caspase activities were measured using ELISA.
Reactive oxygen species (ROS) production was evalu-
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ated by FCM after dichlorodihydrofluorescein diacetate
(DCFH-DA) probe labeling. Intracellular glutathione
(GSH) content was measured using a glutathione assay
kit. The expression of death receptor (DR)4 and DR5
proteins was analyzed by Western blotting and FCM.

RESULTS: Casticin significantly inhibited the growth of
human HCC (PLC/PRF/5 and Hep G2) cells in a dose-
dependent manner (P < 0.05). Casticin increased the
percentage of the sub-G1 population in HCC cells in
a concentration-dependent manner. The potency of
casticin to PLC/PRF/5 cells was higher than that of
5-flurouracil (26.8% + 4.8% vs 17.4% % 5.1%) at
10 umol/L for 24 h. Casticin increased the levels of
Histone/DNA fragmentation and the levels of active
caspase-3, -8 and -9 in a concentration-dependent
manner (P < 0.05). Treatment with 30 umol/L casti-
cin for 24 h resulted in the formation of a DNA ladder.
Casticin reduced the GSH content (P < 0.05), but did
not affect the level of intracellular ROS in PLC/PRF/5
and Hep G2 cells. The thiol antioxidants, acetylcysteine
(NAC) and GSH restored GSH content and attenuated
casticin-induced apoptosis. In contrast, the nonthiol
antioxidants, butylated hydroxyanisole and mannitol
failed to do so. In the HCC cells treated with casticin
for 24 h, DR5 protein level was increased. The expres-
sion of DR5 protein induced by casticin was inhibited
by NAC. Pretreatment with DR5/Fc chimera protein, a
blocking antibody, effectively attenuated the induction
of apoptosis by casticin.

CONCLUSION: Casticin-induced apoptosis of HCC
cells is involved in GSH depletion and DR5 upregula-
tion.

© 2011 Baishideng. All rights reserved.

Key words: Hepatocellular carcinoma; Casticin; Gluta-
thione; Death receptor 5

Peer reviewer: Kotaro Miyake, MD, PhD, Department of
Surgery, Institute of Health Biosciences, The University of

October 14, 2011 | Volume 17 | Issue 38 |



Yang J et a/. Casticin-induced apoptosis involves GSH and DR5 in HCC cells

Tokushima Graduate School, 3-18-15 Kuramoto, Tokushima
770-8503, Japan

Yang J, Yang Y, Tian L, Sheng XF, Liu F, Cao JG. Casticin-
induced apoptosis involves death receptor 5 upregulation in
hepatocellular carcinoma cells. World J Gastroenterol 2011;
17(38): 4298-4307 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v17/i38/4298.htm DOI: http://dx.doi.
org/10.3748/wjg.v17.i38.4298

INTRODUCTION

Hepatocellular carcinoma (HCC) is currently the fifth
most common malignant neoplasm in the world"] caus-
ing over 600 000 deaths each year”. HCC is prevalent in
Asia and Africa and its incidence has steadily increased
in European and American populations™. The majority
of patients with HCC die within one year after the diag-
nosis was established. Unfortunately, HCC is often diag-
nosed at its late stage when potentially curative therapies
are least effective. The 5-year relative survival rate is only
7%P. Patients with surgically resectable localized HCC
have a better prognosis, but their 5-year survival rate is
only 15%-39%" thus, new therapeutic agents for this
malignant disease are urgently needed.

Casticin is one of the main components from Fructus
Viticis (Manjingzi in Chinese name), a traditional Chinese
medicine prepared from the fruit of [zex trifolia I.. (fam-
ily Verbenaceae) that is also used as an anti-inflammatory
agent and for the treatment of certain cancers in China'”.
Its chemical structure is shown in Figure 1. Casticin has
been shown to inhibit lymphocyte proliferation 7z vitro"™
and has an anti-inflammatory effect iz vivd”. In recent
years, many studies have demonstrated its anti-carcino-
genic activity in breast cancer'", lung cancer and colon
cancer', Casticin was also reported to inhibit the growth
of human myelogenous leukemia cells"” and induce cell
death of leukemia cells through induction of apoptosis
or mitotic Catastrophem. However, the precise mecha-
nisms underlying casticin inducing apoptosis of HCC
cells are still unclear. In the present study, we investigated
the effects and molecular mechanism of casticin on the
apoptotic cell death of HCC cells 7z vitro. We found that
casticin significantly induced apoptosis of HCC cells by
glutathione (GSH) depletion and upregulation of DRb5.

MATERIALS AND METHODS

Cell culture and reagents

PLC/PRF/5 (p53 mutant) and Hep G2 (p53 wild type)
human HCC cells were obtained from American Type
Culture Collection (Rockville, MD, United States) and
cultured in RPMI 1640 medium supplemented with 10%
fetal bovine serum, penicillin 100 U/mlL and streptomy-
cin 100 pg/ml. (Life Technologies, Inc., Shanghai, China)
in an incubator containing 50 mL/L COz at 37 C. Casti-
cin was purchased from Chengdu Biopurify Phytochemi-
cals Ltd. (Chengdu, China), and has a molecular weight
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Figure 1 Chemical constitution of casticin.

of 374.3 kDa, appears as yellow crystals and has a purity
of 98.0%. Casticin was prepared in dimethyl-sulfoxide
(DMSO) as a 10 mmol/L stock solution and diluted in a
medium to the indicated concentration before use. The
followings were purchased from Hunan Clonetimes Bio-
tech Co., Ltd. (Changsha, China): RPMI-1640 medium
(Invitrogen, CA, United States), fetal bovine serum (In-
vitrogen), Cell Apoptosis enzyme linked immunosorbent
assay (ELISA) Detection Kit (Roche), N-acetylcysteine
(NAC; Sigma, MO, United States), glutathione (GSH;
Sigma), propidium iodide [propidium iodide (PI); Sigma],
ethidium bromide (EB; Sigma), N-(4-hydroxyphenyl)
retinamide (4HPR; Sigma), butylated hydroxyanisole
[butylated hydroxyanisole (BHA); Sigma], mannitol
(Sigma), Glutathione Assay kit (Calbiochem, Darmstadst,
Germany), Apoptotic DNA Ladder Detection Kit (Bo-
dataike Company, Beijing, China), Caspase 3 Activity
Detection Kit (Millipore, MA, United States), Caspase 8
Colorimetric Activity Assay Kit 25 (Millipore), Caspase
9 Colorimetric Activity Assay Kit (Millipore), zVAD-
fmk (R and D Systems, MN, United States), zZIETD-fmk
(R and D Systems), zZLEHD-fmk (R and D Systems),
5-fluorouracil (5-FU; Sigma), death receptor (DR)5/Fc
chimera protein(R and D Systems), 2',7'-dichlorofluores-
cein diacetate (DCFH-DA; Molecular Probes Inc., OR,
United States), mouse anti-human DR5 and DR4 (Santa
Cruz Biotechnology, CA, United States), Fluorescein iso-
thiocyanate (FITC)-conjugated anti-mouse IgG (Zymed
Laboratories, CA, United States), mouse IgG1 immuno-
globulin (Dako Cytomation, CA, United States).

MTT assay

Cells were seeded in a 96-well plate at a density of 0.5 X
10" cellsAvell and incubated for 24 h, followed by treat-
ment with various concentrations of casticin or 5-fluoro-
uracil for 24 h. 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl
tetrazolium bromide (MTT) colorimetric analysis was
performed as described previouslym. The ICso value, i.e.,
50% of the cell growth inhibition compared with (DMSO)
control, was calculated by nonlinear regression analysis
using GraphPad Prism software (San Diego, CA).

Flow cytometry using Pl staining
Cells were seeded at a density of 4 X 10° cells/mL in
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100 mL culture flasks for 24 h and then treated with the
medium containing various concentrations of casticin or
5-fluorouracil for the indicated time. Propidium iodide
staining for DNA content analysis was performed as de-
scribed previously'”,

Histone/DNA fragment ELISA

The cell apoptosis ELISA detection kit was used to detect
apoptosis in cells treated with casticin according to the
manufacturer’s protocol. Briefly, cells were seeded in a
96-well plate at a density of 1 X 10 cells / well for 24 h,
added with the medium containing various concentra-
tions of casticin. After 24 h, we transferred the cytoplasm
of the control and treatment group to the 96-well plate
peridiumed by the streptavidin, incubated with the bio-
tinylated histone antibody and peroxidase-tagged mouse
anti-human DNA for 2h at room temperature. The ab-
sorbance at 405 nm was measured with EXI.-800 type
Enzyme-Linked Immunosorbent apparatus.

DNA fragmentation assay

Cells were seeded at a density of 4 x 10° cells/mL in
100 mL culture flasks for 24 h and treated with medium
containing various concentrations of casticin for 24 h.
This assay was performed as described previouslyUSJ.

Analysis of caspase-3, -8 and -9 activities

To evaluate caspase activity, cell lysates were prepared
after their respective treatment with the testing agents.
Assays were performed in 96-well plates by incubating
20 pg cell lysates in 100 pl. reaction buffer (1% NP-40,
20 mmol/L Tris-HCI (pH 7.5), 137 mmol/L NaCl, 10%
glycerol) containing a 5 pmol/L caspase-3 substrate Ac-
DEVD-pNA or caspase-8 substrate Ac-IETD- pNA or
caspase-9 substrate Ac-LEHD- pNA . Lysates were incu-
bated at 37 °C for 2 h. Thereafter, the absorbance at 405
nm was measured with an enzyme-labeling instrument
(ELX-800 type). In the caspase inhibitor assay, cells were
pretreated with a caspase inhibitor (20 umol/L zVAD-
tmk or zZIETD-fmk or zLEHD-fmk) for 1 h prior to the
addition of casticin.

Determination of reactive oxygen species

Intracellular reactive oxygen species (ROS) accumulation
was measured by flow cytometry using the fluorescent
probe DCFH-DA™. Cells were incubated with 10 umol/
L DCFH-DA for 30 min at 37 C in dark. After incuba-
tion, the cells were washed with phosphate buffered saline
(PBS) and analyzed within 30 min using FACScan (Becton
Dickinson, San Jose, CA, United States) equipped with
an air-cooled argon laser tuned to 488 nm. The specific
fluorescence signals corresponding to DCFH-DA were
collected with a 525-nm band pass filter. As a rule, 10 000
cells were counted in each determination.

Measurement of intracellular glutathione

Intracellular GSH contents were measured using a
Glutathione Assay kit. In brief, 5 X 10° cells were ho-
mogenized in 5% metaphosphoric acid using a Teflon
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pestle (Racine, WI). Particulate matter was separated by
centrifugation at 4000 X g The supernatant solution was
used for GSH measurement according to the manufac-
turer’s instructions. The GSH content was expressed as
nmol/106 cells.

Analysis of cell surface receptor expression

Cells were cultured at an indicated concentration for 24 h,
and then collected. Five hundred thousand cells for
each receptor analysis were transferred to polystyrene
tubes, washed twice with PBS and resuspended in PBS
containing 0.5% bovine serum albumin (BSA) (Sigma).
A specific monoclonal antibody to either DR5, DR4 or
unspecific mouse IgG1 as isotype control was applied at
5 ug/ mL. Cells were incubated for 20 min with gentle
rocking at room temperature. Cells were washed twice
in PBS, and secondary fluorescein isothiocyanate-conju-
gated polyclonal goat antibody to mouse IgG1 (1:200 in
PBS containing 0.5% BSA) was added, followed by incu-
bation protected from light for 30 min with gentle rock-
ing at room temperature. Cells were then washed and
resuspended in PBS containing 0.5% BSA. All analyses
were carried out on FACScan using CellQuest software
(Pharmingen BD Biosciences, CA, United States).

Western blotting analysis

Total cell extracts were obtained as described previous-
Iy, Cell lysate containing 50 ug of protein was separat-
ed on a 10% SDS-polyacrylamide gel for electrophoresis
and then blotted onto polyvinylidene difluoride (PVDE)
membranes (Millipore, Bedford, MA, United States).
Anti-DR5, -DR4 and -B-actin (1:1000 dilutions for each)
were used as primary antibodies. Signals were detected
using an ECL kit (Amersham Pharmacia Biotech, Pis-
cataway, NJ, United States). Images were scanned fol-
lowed by densitometric analysis with Alphazmager 2200
software (Silk Scientific Inc., Utah, United States). The
ratios of DR5 or DR4/B-actin were determined for the
expression level of DR5 or DR4.

Statistical analysis

The database was set up with the SPSS 15.0 software
package (SPSS Inc, Chicago, IL, United States) for analy-
sis. Data were presented as mean = SD. The means of
multiple groups were compared with one-way analysis
of variance (ANOVA), after the equal check of variance,
and the two-two comparisons among the means were
performed using the least-significant difference (LSD)
method. Statistical comparison was also performed with
two-tailed 7 test when appropriate. P < 0.05 was consid-
ered statistically significant.

RESULTS

Effects of casticin on growth of hepatocellular carcinoma
lines

To characterize the effect of casticin on cell growth, two
kinds of cell lines, including PLC/PRF/5 (p53 mutant)
and Hep G2 (p53 wild type) cells, were treated with various
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Figure 3 Effects of casticin on the percentage sub-G1 cell population (A and B), histone/DNA fragment (C) and DNA fragmentation (D) in PLC/PRF/5 and
Hep G2 cells (mean % SD, n = 3). °P < 0.05 vs treatment with dimethyl-sulfoxide (DMSO) or 0 h; °P < 0.05 vs treatment with 3 umol/L casticin or 6 h. 5-FU: 5-fluorouracil.

concentrations of casticin for 24 h, and cell viability was as-
sessed by MTT assay. Figure 2A shows that casticin signifi-
cantly inhibited the growth of human HCC (PLC/PRF/5
and Hep G2) cells in a dose-dependent manner. When the
ICso for 24 h was 9.4 and 13.6 umol/L, respectively, the
potency of casticin to PLLC/PRF/5 cells was stronger than
that of 5-FU with an ICs of 16.8 pmol/L (Figure 2B).
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Effects of casticin on apoptosis of hepatocellular carcino-
ma cells

To investigate whether apoptosis was involved in cell
growth inhibition by casticin, we detected apoptosis in-
crease using flow cytometric analysis in hypodiploid cell
populations. Figure 3A shows that casticin increased the
percentage of the sub-G1 cell population in PLC/PRF/5
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Figure 4 Effects of casticin on the activities of caspases (A and C) and the percentage sub-G1 cell population (B and D) in PLC/PRF/5 and Hep G2 cells (mean
+SD, n=3).°P<0.05 vs treatment with dimethyl-sulfoxide (DMSO); °P < 0.05 vs treatment with 30 umol/L casticin alone. 5-FU: 5-fluorouracil; NAC: N-acetyl-cysteine.

and Hep G2 cells in a concentration-dependent man-
ner (P < 0.05). The potency of casticin to PLC/PRF/5
cells was higher than that of 5-flurouracil (26.8% *+ 4.8%
vs 17.4% £ 5.1%) at 10 umol/L for 24 h. The sub-G1
population in PLC/PRF/5 and Hep G2 cells by casticin
was increased at 12 h and peaked at 24 h (Figure 3B).
Histone/DNA fragment of PLC/PRF/5 and Hep G2
cells, as measured by the cell apoptosis ELISA detection
kit, was increased in a dose-dependent manner (P < 0.05)
after treatment with casticin (Figure 3C). Furthermore,
DNA fragmentation analysis by agarose gel electrophoresis
showed a typical ladder pattern of internucleosomal DNA
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fragments in PLC/PRF/5 and Hep G2 cells treated with
30 umol/L casticin for 24 h (Figure 3D). These results
suggested that casticin inhibited HCC cell growth through

a mechanism involving the induction of apoptosis.

Effects of casticin on caspases activities of hepato-
cellular carcinoma cells

To determine the effectors active in casticin-induced
apoptotic pathways, we examined whether caspases were
actually activated during casticin-induced cell death of
HCC cells. Figure 4A shows that treatment of PLC/
PRF/5 cells with casticin for 24 h increased the levels of
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active caspase-3, -8 and -9 (P < 0.05) in a concentration-
dependent manner (P < 0.05).

We further examined the role of caspases activated
during apoptosis induced by casticin treatment using the
pan-caspase inhibitor zZVAD-fmk, the caspase-8 inhibitor
zIETD-fmk and the caspase-9 inhibitor zZLEHD-fmk. Fig-
ure 4B shows that zZVAD-fmk abrogated apoptosis induced
by casticin and zIETD-fmk and zLEHD-fmk attenuated
casticin-induced apoptosis. The similar findings were ob-
served in the Hep G2 cell line (Figure 4C and D). These
data indicate that casticin-induced apoptosis was essentially
dependent on the activation of caspase-3, -8 and -9.

Effects of casticin on reactive oxygen species genera-
tion of hepatocellular carcinoma cells

Because NAC, a antioxidant, could attenuate induc-
tion of apoptosis by casticin (Figure 4B and D), it was
plausible to speculate that casticin-induced apoptosis by
promoting intracellular ROS generation. Thus, we exam-
ined whether casticin promoted ROS generation in HCC
cells. Unexpectedly, we failed to detect any increase of
intracellular ROS generation in PLC/PRF/5 and Hep
G2 cells treated with casticin, at concentrations ranging
from 3.0 to 30.0 pmol/L. 4HPR, an agent known to
promote ROS generation in cancer cells" ", did increase
the ROS generation in HCC cell lines (Figure 5).

Effects of casticin on intracellular glutathione content of
hepatocellular carcinoma cells

Hatlier studies demonstrated that flavonoid toxicity was
strictly dependent on the intracellular GSH content*"”,
We measured the intracellular GSH in cells treated with
casticin. In PLC/PRF/5 cells treated with casticin (3.0,
10.0 and 30.0 pmol/L) for 24 h, the intracellular GSH
content significantly was decreased in a concentration-
dependent manner (Figure 6A). In addition, time-course
studies indicated that casticin caused a progressive de-
crease in GSH content from 1 h onwards (Figure 6B).
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Importantly, the pan-caspase inhibitor z-VAD-fmk,
which successfully prevented apoptosis execution, failed
to prevent GSH decrease (Figures 4A and B, 6A and
C). This excludes the possibility that GSH depletion in
casticin-treated cells could be a trivial, secondatry conse-
quence of cell death.

To shed light on the mechanisms accounting for
GSH depletion as well as on the relationship between
GSH depletion and apoptosis induction, we determined
the effects of thiol antioxidants including NAC and
GSH, and nonthiol antioxidants including butylated
hydroxyanisole (BHA) and mannitol on GSH content
and apoptosis by casticin treatment. Figure 6A and C
show that thiol antioxidants, NAC and GSH, restored
GSH content and attenuated casticin-induced apoptosis.
In contrast, nonthiol antioxidants, BHA and mannitol,
failed to do so (Figure 6A and C). The similar findings
were observed in Hep G2 cell line (Figure 6D-F). The
results suggest that casticin-induced apoptosis of HCC
cells is at least partially dependent on GSH depletion.

Effects of casticin on DR5 expression of hepatocellular
carcinoma cells

Because casticin induced caspase-8 activation (Figure 4A),
we wondered whether casticin induced DR5 upregula-
tion. Therefore, we compared the effects of casticin on
the expression of DR4 and DR5 using Western blot-
ting. In PLC/PRF/5 cell line, casticin increased the ex-
pression of DR5 at protein levels, but not affected the
expression of DR4 protein; however, it failed to do so
in the presence of NAC (Figure 7A). In addition, flow
cytometry (FCM) analysis showed that casticin increased
DR5 protein levels on the surface of Hep G2 cells by
casticin treatment, but DR4 expression levels were not
obviously altered (Figure 7 C).

To further define the role of DR5 upregulation in
casticin-induced apoptotic cell death, we examined the
effects of DR5/Fc chimera protein, a blocking antibody
on induction of apoptosis by casticin. Figure 7B shows
that the pretreatment with 1 pg/mL DR5/Fc chimera
protein effectively attenuated induction of apoptosis by
casticin in PLC/PRF/5 and Hep G2 cells. Our findings
suggest that casticin-induced apoptosis of HCC cells is
involved in upregulation of DR5.

DISCUSSION

The polymethoxyflavone from Fructus Viticis, casticin
is a potent novel molecule with a wide range of ac-
tions, many of which are potentially useful for cancer
prevention or treatment™ . In the present study, we
investigated the effects of casticin on the cell growth
using two kinds of human HCC (PLC/PRF/5 with p53
mutant and HepG2 with p53 wild type) cell lines. We
have demonstrated that casticin was a potent agent in
inhibiting the growth of human HCC cells. The cancer
suppressor p53 is an important factor that affects the
cell response to drug effects on growth inhibition and
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Figure 6 Effects of casticin on intracellular glutathione content (A, B and D, E) and the percentage sub-G1 cell population (C and F) in PLC/PRF/5 and
Hep G2 cells (mean * SD, n = 3). °P < 0.05 vs treatment with dimethyl-sulfoxide (DMSO) or 0 h; °P < 0.05 vs treatment with 30 umol/L casticin alone or treatment
with 10 umol/L casticin for 1 h. GSH: Glutathione; BHA: Butylated hydroxyanisole; NAC: N-acetyl-cysteine.
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Figure 7 Effects of casticin on the levels of death receptors (DR4 and DR5) expression(A) using Western blotting and the percentage sub-G1 cell popula-
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.. . 242 .. .
apoptosis induction®”. The majority of evidence sup-

ports the notion that cells with wild-type p53 exhibit
increased sensitivity to radiation or chemotherapeutic
agents, whereas cells lacking wild-type p53 expression
still undergo apoptosis but need a relatively high dose of
radiation or chemotherapeutic drugsm’zﬂ. The study by
Haidara ef a/'” demonstrated the apoptotic effect of cas-
ticin in p53 mutant breast cancer cell lines. Our results
indicated that casticin inhibited cell growth and induced
apoptosis regardless of p53 status in human HCC cells.
Therefore, we conclude that casticin-induced apoptosis
in human cancer cells is p53-independent.

Apoptotic cells presented some common characteris-
tics. In the stage of apoptosis, activation of a cascade of
various caspases, was followed by DNA fragmentation,
nuclear fragmentation, the appearance of apoptotic bod-
ies and cellular shrinkage. Hence, caspase-3 activation,
sub-G1 cell population, Histon/DNA fragment and
DNA ladder were regarded as the characters specific for
apoptosis. Our present study showed activation of cas-
pase-3, increase of the percentage of sub-G1 population
and Histone/DNA fragment and presentation of DNA
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ladder in casticin-treated HCC cells, demonstrating that
casticin inhibited HCC cell growth through induction of
apoptosis.

We also demonstrated that casticin induced apoptosis
by depleting intracellular GSH content, rather than by
promoting ROS generation, in HCC cells. Our findings
are supported by the following lines of evidence: (1)
casticin did not promote intracellular ROS generation
although it decreased intracellular GSH content; and (2)
Thiol-containing antioxidants rather than nonthiol an-
tioxidants reduced casticin-induced apoptosis; this sup-
pression correlated with their ability to prevent a casticin-
induced dectease of GSH content. NAC, an aminothiol
and synthetic precursor of intracellular cysteine and GSH,
functions through either its antioxidative/radical scav-
enging properties as an antioxidant or its thiol-disulfide
exchange activity as a reductant™””, We found that only
thiol containing antioxidants with reducing activity, includ-
ing NAC and GSH, rather than nonthiol antioxidants,
including BHA and mannitol, suppressed casticin-induced
apoptosis. Therefore, it is likely that NAC and GSH in-
hibit casticin-induced apoptosis za their reducing activ-
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ity. It appears that our findings have clinical implications
regarding the rational use of casticin in combination with
other agents for cancer prevention and/or treatment. The
polymethoxyflavone should not be used in combination
with the agents with reducing activity, such as NAC, in or-
der to avoid the potential contradictory interaction.

The activation of caspases plays an important role in
apoptosis triggered by various proapoptotic signals”*’,
It is generally recognized that there are two major apop-
totic pathways: one involves death signals transduced
through death receptors, and the other relies on a signal
from the mitochondria®*, Both pathways are involved
in an ordered activation of a set of caspases, which in
turn cleave cellular substrates leading to the morphologi-
cal and biochemical changes of apoptosis. The activation
of caspase-8 and caspase-9 has been documented to play
central roles in mediating apoptosis signaled by death re-
ceptors and by mitochondria, respectively*”. However,
caspase-8 can activate the caspase-9-mediated apoptotic
pathway via activating or cleaving the Bid protein?’.
We found that casticin activated caspase-8 and -9. The
presence of the caspase-8 inhibitor z-IETD-fmk and the
caspase-9 inhibitor zZLEHD-fmk attenuated the apop-
tosis induced by casticin, indicating that caspase-8 and
-9 activation were required for the apoptosis induced
by casticin in PLC/PRF/5 cells. Moreovet, casticin up-
regulated DR5 expression, and DR5/Fc chimera protein
reduced casticin—induced apoptosis, which shows that
DRS5 upregulation is required for casticin—induced apop-
tosis. Therefore, our results, for the first time, highlight a
novel simultaneous both death receptor and mitochon-
dria-mediated mechanism by casticin-induced apoptosis
in HCC cells. The study by Zou ¢/ a/*” demonstrated
that the synthetic triterpenoid methyl-2-cyano-3,12-
dioxoolean-1,9-dien-28-oate induced upregulation of
DRS5 exptession by activation of the CCAAT/enhancer
binding protein homologous protein (CHOP) via intra-
cellular GSH depletion-induced the endoplasmic reticu-
lum stress. Quercetin, a flavonoid compound decreases
intracellular GSH content and potentiates the apoptotic
action of the antileukemic drug, arsenic trioxide, in hu-
man leukemia cell lines””. However, why and how the
intracellular GSH depletion induces DR5 expression up-
regulation need to be further investigated.

In summary, our studies have demonstrated that
the polymethoxyflavone from Fructus viticis, casticin is a
potent apoptosis-inducing agent in human HCC cells,
which acts through depleting intracellular GSH content
and upregulating DR5, and subsequent activation of
caspase-3, -8 and -9. Moreover, casticin inhibited the
growth of HCC cells independent of p53 status. For this
reason, we suggest that casticin may be a good candidate
for additional evaluation as a cancer therapeutic agent
for human HCC as well as other types of cancer.

COMMENTS

Background

Hepatocellular carcinoma (HCC) is currently the fifth most common malignant
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neoplasm in the world, leading to over 600 000 deaths each year. HCC is prev-
alent in Asia and Africa and its incidence has steadily increased in European
and American populations. New therapeutic agents for this malignant disease
are urgently needed.

Research frontiers

Casticin is one of the main components from Fructus Viticis (Manjingzi in
Chinese name), a traditional Chinese medicine prepared from the fruit of Vitex
trifolia L. (family Verbenaceae) that is also used as an anti-inflammatory agent
and for the treatment of certain cancers in China. In recent years, many studies
have demonstrated its anti-carcinogenic activity in breast cancer, lung cancer
and colon cancer. However, the precise mechanisms underlying casticin-
induced apoptosis of HCC cells is still not clear.

Innovations and breakthroughs

In this study, the effects and molecular mechanism of casticin on apoptotic cell
death of HCC cells in vitro were studied. Casticin significantly induced apop-
tosis of HCC cells by glutathione (GSH) depletion and upregulation of reactive
oxygen species .

Applications

Casticin is a potent apoptosis-inducing agent in human HCC cells, which acts
through depleting intracellular GSH content and upregulating DR5, and subse-
quent activation of caspase-3, -8 and -9. Moreover, casticin inhibited the growth
of HCC cells independent of p53 status. The authors suggested that casticin
may be a good candidate for additional evaluation as a cancer therapeutic
agent for human HCC as well as other types of cancer. |
Terminology

Casticin is one of the main components from Fructus Viticis (Manjingzi in
Chinese name), a traditional Chinese medicine prepared from the fruit of Vitex
trifolia L. (family Verbenaceae).

Peer review

In this manuscript, the authors demonstrate that the treatment with casticin,
main components from Fructus Viticis, induced apoptosis through the deple-
tion of glutathione DR5 up-regulation in HCC cells. A series of experiments
were well planned and well performed, and the manuscript is well written. The
findings are important to those with closely related research interest.
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