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CAPE promotes TRAIL-induced apoptosis through the
upregulation of TRAIL receptors via activation of p38 and
suppression of JNK in SK-Hep1 hepatocellular carcinoma cells
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Abstract. Caffeic acid phenethyl ester (CAPE), a phenolic
compound derived from honeybee propolis, has been reported
to possess anticancer activities in several types of malignant
cells. Here, we show that treatment with tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL) in combi-
nation with CAPE significantly sensitized SK-Hepl cells
to TRAIL-induced apoptosis. The sensitization to TRAIL
was accompanied by the activation of extrinsic and intrinsic
apoptotic pathways, leading to the activation of caspases,
mitochondrial disruption and PARP cleavage. Moreover,
TRAIL receptors, such as DR4 and DR5 were significantly
upregulated by CAPE treatment, and both DR4/Fc and
DR5/Fc chimera markedly abrogated apoptosis induced by
CAPE and TRAIL, demonstrating the critical role of these
death receptors in combination-induced apoptosis. The effect
of CAPE on mitogen-activated protein kinases (M APKs)
was further examined, where CAPE treatment resulted in the
activation of p38 and the inhibition of JNK, without affecting
levels of phospho-ERK. Our results showed that p38 and INK
exhibited the opposite role in SK-Hepl cells. The inhibition of
p38, using SB203580, blocked the CAPE-induced expression
of death receptors and attenuated the combination-induced
apoptosis, suggesting the pro-apoptotic role of p38. In contrast,
JNK-specific inhibition, by SP600125, triggered upregulation
of DR4 and DRS5, and sensitized SK-Hepl cells to TRAIL,
indicating that the CAPE-induced suppression of JNK may
contribute to the sensitizing effect of CAPE through the
upregulation of death receptors. Taken together, these results
indicate that CAPE potentiated TRAIL-induced apoptosis in
SK-Hepl cells, through upregulation of TRAIL receptors via
modulation of p38 and JNK signaling pathways.

Correspondence to: Professor An Keun Kim, College of Pharmacy,
Sookmyung Women's University, Hyochanwon-Gil 52, Yongsan-Ku,
Seoul 140-742, Republic of Korea
E-mail: akkim@sookmyung.ac.kr

Key words: tumor necrosis factor-related apoptosis-inducing ligand,
caffeic acid phenethyl ester, combination, hepatoma

Introduction

Hepatocellular carcinoma (HCC) is the most common
primary liver cancer in adults, and is the third leading cause
of cancer mortality worldwide (1). Although the highest inci-
dence rates of HCC occur in Asia and Africa, HCC incidence
frequency is increasing in developed countries, including
the USA and those of Western Europe (2,3). Although there
are several treatment options such as surgery, radiation and
chemotherapy, most patients suffering from advanced HCC
are candidates for palliative treatments only (4). Therefore,
novel therapeutic approaches for HCC are required for more
effective treatment of this malignancy.

Tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL/Apo2L), a member of the tumor necrosis factor (TNF)
superfamily, is known to induce apoptosis in various cancer
cells, with minimal toxicity to normal cells (5). Due to this
selective apoptosis-inducing activity, TRAIL has received
great attention as a promising candidate for cancer therapeutics.
However, recent studies have demonstrated that many types
of malignant cells, including hepatocellular carcinoma cells,
are resistant to the apoptotic effect mediated by TRAIL (6).
Because TRAIL alone is not sufficient to induce cancer cell
death in these resistant cells, recent studies have aimed at
overcoming the resistance of cancer cells to TRAIL by combi-
nation of sensitizing agents with TRAIL. The combination
of chemotherapeutic agents, such as genotoxic drugs, small
molecule-inhibitors and natural products, with TRAIL has
been shown to be successful in the enhancement of suscepti-
bility to TRAIL-induced cell death in various TR AIL-resistant
tumor cells (7,8).

Polyphenolic compounds, a large group of phytochemicals,
have been reported to possess anticancer and chemopreven-
tive properties (9,10). Numerous studies have demonstrated
that TRAIL, in combination with polyphenols, effectively
synergizes TRAIL-induced apoptotic cell death in various
malignant cells (11,12).

Here, we examined the potential role of caffeic acid
phenethyl ester (CAPE), a polyphenolic compound in
honeybee propolis, as a sensitizing agent for restoring the
susceptibility of SK-Hepl cells to TRAIL, and demonstrated
the underlying mechanisms involved in this enhancement of
susceptibility.
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Materials and methods

Materials. Caffeic acid phenethyl ester (CAPE), MTT (3-(4,5-
dimethylthiazolyl-2-yl)-2,5-diphenyl-tetrazolium bromide),
and 3,3'-dihexyloxacarbocyanine iodide (DiOCg) were
purchased from Sigma-Aldrich Co. (St. Louis, MO, USA).
Soluble recombinant human TR AIL/Apo2 ligand was purchased
from PeproTech (Rocky Hill, NJ, USA). Caspase inhibitors
were obtained from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). Human recombinant DR4/Fc and DR5/Fc chimera
protein were purchased from R&D Systems (Minneapolis, MN,
USA). All the antibodies for western blot analysis and MAPK
inhibitors were purchased from Cell Signaling (Beverly, MA,
USA). Dulbecco's modified Eagle's medium (DMEM), fetal
bovine serum (FBS), Dulbecco's phosphate-buffered saline
(DPBS), trypsin-EDTA and penicillin/streptomycin were
purchased from WelGENE (Daegu, Korea).

Cell culture. Human hepatocellular carcinoma SK-Hepl
cells were obtained from the Korean Cell Line Bank (Seoul,
Korea). Cells were cultured at 37°C in a humidified condition
of 5% CO, and maintained in DMEM supplemented with
10% FBS and penicillin/streptomycin.

Cell viability assay. MTT assay was used to determine cell
viability. Cells were seeded in 96-well plate, incubated for 24 h
and treated as described in individual experiments. After incu-
bation for 24 h, MTT solution was added to each well for 4 h
and the resulting formazan product was dissolved in dimethyl
sulfoxide (DMSO). The absorbance was measured at 570 nm
with a microplate reader (EL800, Bio-Tek Instrument Inc.,
Winooski, VT, USA) and the cell viability (%) was calculated.

Flow cytometric analysis for mitochondrial membrane poten-
tial (MMP).To analyze loss of MMP, treated cells were harvested
and incubated with DiOC4 (40 nM) at 37°C for 30 min in the
dark. Fluorescence intensity was measured by flow cytometry
(FACSCanto II Flow Cytometer, BD Biosciences, USA).

Detection of apoptosis by flow cytometry. Apoptotic cells
were quantified by Annexin V/propidium iodide (PI) staining
assay. Cells were seeded in 6-well plates for 24 h and treated
as described in individual experiments. After 24 h, cells were
harvested and resuspended in binding buffer. Then, cells were
incubated with Annexin V-FITC and PI for 15 min at room
temperature in the dark. Apoptotic cell death was evaluated
by flow cytometry and the population of Annexin V*/PI" was
considered as apoptotic cells.

Analysis of death receptors on the cell surface. Surface
expression of DR4 and DRS5 was analyzed by indirect staining
with primary mouse anti-DR4 and DRS5 followed by phyco-
erythrin (PE)-conjugated goat anti-mouse IgG1 (Santa Cruz
Biotechnology). As a negative control, cells were incubated
with a normal mouse IgGl antibody in the same conditions
(Santa Cruz Biotechnology). Death receptor expression was
analyzed by flow cytometry.

Western blot analysis. Cells treated as described in individual
experiments were lysed with RIPA buffer (50 mM Tris-HCI,
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pH 8.0, with 150 mM NaCl, 0.1% NP-40, 0.5% sodium deoxy-
cholate and 0.1% SDS). Equal amount of protein was resolved
by 10% SDS-PAGE and then transferred to polyvinylidene
difluoride (PVDF) membranes. The blots were blocked with
5% non-fat dry milk for 2 h at room temperature and incu-
bated overnight at 4°C with appropriate primary antibodies.
Horseradish peroxidase-conjugated anti-rabbit or anti-mouse
antibodies were used as secondary antibodies. Protein signals
were visualized with enhanced chemiluminescence (ECL)
solution and quantified by Multi Gauge software (Fuji Photo
Film, Japan).

Statistical analysis. Values are presented as the mean + SD.
Statistical significance was evaluated by using one-way anal-
ysis of variance (ANOVA) followed by Tukey's test. P-value of
<0.05 was regarded statistically significant.

Results

Combined CAPE and TRAIL treatments promote TRAIL-
induced apoptosis in SK-Hepl cells. In order to investigate
whether CAPE sensitizes SK-Hepl cells to TRAIL-induced
cell death, we treated cells with TRAIL, in the presence or
absence of CAPE for 24 h at various concentrations. As shown
in Fig. 1A, treatment with CAPE or TRAIL alone resulted in a
limited inhibition of cell viability (<20%) at 24 h. In contrast,
cell viability was markedly reduced by combined treatment
when cells were treated with a fixed concentration of TRAIL
and varying concentrations of CAPE, and vice versa. The
CAPE concentration at 30 ug/ml was selected for further study
because it effectively induced a significant reduction of cell
viability in the combined treatment with TRAIL, with only a
slight decrease in the percentage of viable cells. Next, we exam-
ined whether the combined effect of CAPE and TRAIL on cell
viability is due to increased apoptosis. As shown in Fig. 1B,
co-treatment of CAPE and TRAIL significantly enhanced the
amount of apoptotic cells (%), whereas treatment with CAPE
or TRAIL alone induced only a slight increase of apoptosis,
compared to untreated group. These findings suggest that the
combined treatment of CAPE and TRAIL effectively induces
apoptotic cell death in SK-Hepl cells.

Combined CAPE and TRAIL treatment potentiates the acti-
vation of caspase-mediated death signal. Next, we examined
whether caspases are activated by combination of CAPE and
TRAIL. As shown in Fig. 2A, CAPE alone did not induce any
significant changes of caspases. In cells treated with TRAIL
alone, caspase-3 was partially cleaved to the intermediate
inactive fragment pl9, whereas combined treatment with
CAPE and TRAIL induced further cleavage into pl7, the
fully active subunit of caspase-3. Also, cleaved caspase-7
(20 kDa), as the active form of caspase-7, was significantly
increased through the combination of CAPE and TRAIL, but
not through the administration of either agent alone. We found
that PARP, a well known substrate for caspase-3 and caspase-7,
was remarkably cleaved by the combined treatment. It is well
known that the activation of effector caspases, like caspase-3
and -7 is regulated by initiator caspases, such as caspase-8 and
caspase-9. As shown in Fig. 2A, treatment with a combina-
tion of CAPE and TRAIL markedly decreased the levels of



INTERNATIONAL JOURNAL OF ONCOLOGY 43: 1291-1300, 2013

1293

A 120 -
100 -
CAPE
— #
8 80 - & 0 pg/ml
E @ 5 pg/ml
'-,55 60 P
= B 10 pg/ml
] 40 - %
8 B 20 pg/ml
20 4 @ 30 pg/ml
0 -
0 10 20 TRAIL (ng/ml)
B y Control TRAIL CAPE TRAIL+CAPE
\ : . . ;
o |-
h=]
© .
<Q .I_P_:"
E
=
o
=1
g
o " 0
o
;A -~
Annexin V-FITC
60 - i
9
840 A
8
Qo
oS 20 1
[=%
o
[=5
<
0 -
TRAIL (20 ng/ml) - + - +
CAPE (30 pg/ml) - ~ + +

Figure 1. Combination effect of CAPE and TRAIL on TRAIL-induced apoptosis of SK-Hepl cells. (A) Effect of CAPE and TRAIL on cell viability. Cells were
treated with TRAIL alone or in combination with CAPE for 24 h at the indicated concentrations. Cell viability was evaluated by MTT assay. Data represent the
mean + SD (n=3). Statistical significance: “p<0.01, “p<0.001 vs. control TRAIL-untreated cells. (B) Effect of CAPE on TRAIL-induced apoptosis in SK-Hepl
cells. Cells were treated with CAPE (30 pg/ml) alone, or in combination with TRAIL (20 ng/ml) for 24 h. Apoptosis was determined by Annexin V/PI dual
staining. Representative results are shown as dot plot (upper panel). Data in the bar graph represent the mean + SD of three independent experiments (lower
panel). “p<0.001 vs. untreated control; #p<0.001 vs. cells treated with CAPE or TRAIL alone.

precursor protein of caspase-8 and caspase-9 compared to
either agent alone, indicating the significant activation of
these caspases. In certain cells, BH3-interacting domain death
agonist (Bid) cleaved into tBid (truncated Bid) by caspase-8,
which, in turn, induces mitochondrial damage (13). We found
that full-length Bid was significantly decreased by combined
treatment with CAPE and TRAIL, but not by either agent
alone (Fig. 2A).

Next, to investigate the role of caspases in combina-
tion-induced apoptosis of SK-Hepl cells, a broad caspase
inhibitor, z-VAD-fmk, was used. As shown in Fig. 2B,
pretreatment with z-VAD-fmk completely blocked the
enhanced cytotoxicity induced by the combination of CAPE
and TRAIL. Annexin V/PI staining assay also showed that

z-VAD-fmk rescued the increase of apoptotic cell death by the
combination of CAPE and TRAIL (Fig. 2C). We found that
z-VAD-fmk almost completely abolished the combination
treatment-induced PARP cleavage, caspase activation, and Bid
cleavage (Fig. 2D). Taken together, these results indicate that
combination treatment-induced apoptosis is mediated through
a caspase-dependent pathway.

Both extrinsic and intrinsic apoptotic pathways are important
for apoptosis in response to combined treatment with CAPE and
TRAIL. We next used various caspase inhibitors to examine the
respective roles of caspases in CAPE and TRAIL combination-
induced apoptosis. As shown in Fig. 2E, the CAPE-triggered
enhancement of TRAIL-induced apoptosis was significantly
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Figure 2. CAPE sensitizes SK-Hepl cells to TRAIL-induced apoptosis signal via the extrinsic and intrinsic pathways. (A) Effect of combined treatment with CAPE
and TRAIL on levels of apoptosis-associated proteins. Cells were treated with TRAIL (20 ng/ml) with or without CAPE (30 ug/ml). After 24 h, PARP cleavage,
activation of caspases and Bid cleavage were examined by western blot analysis. (B-D) Cells were pretreated with z-VAD-fmk (20 #M) for 30 min, and further
treated with combination (30 yg/ml CAPE plus 20 ng/ml TRAIL) for 24 h. The effect of z-VAD-fmk on the combination treatment was evaluated by (B) MTT
assay, (C) Annexin V/PI flow cytometry analysis, and (D) western blot analysis. (B and C) “p<0.001 vs. untreated control; 7'p<0.001 vs. cells treated with CAPE
plus TRAIL.

blocked by z-DEVD-fmk (caspase-3/-7 inhibitor), z-IETD-fmk Disruption of mitochondrial membrane potential (A¥,,)
(a caspase-8 inhibitor), and z-LEHD-fmk (a caspase-9 is important for the release of apoptotic factors such as
inhibitor), indicating that CAPE enhances TRAIL-induced cytochrome ¢ and apoptosis-inducing factor (AIF), leading
apoptosis through activation of caspase-3, -7, -8 and -9. to the induction of the caspase cascade. To further examine
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Figure 2. Continued. (E) Cells were pretreated with 20 M caspase-3 inhibitor (z-DEVD-fmk), caspase-8 inhibitor (z-IETD-fmk), or caspase-9 inhibitor
(z-LEHD-fmk) for 30 min and further treated with combination (30 yg/ml CAPE plus 20 ng/ml TRAIL) for 24 h. Apoptotic cell death (%) was evaluated by
Annexin V/PI flow cytometry analysis. Statistical significance: “p<0.001 vs. untreated control; "p<0.001 vs. cells treated with CAPE plus TRAIL. (F) Effect
of combined treatment with CAPE and TRAIL on mitochondrial membrane potential. Cells were pretreated with z-IETD-fmk (20 xM) for 30 min, and further
treated with combination (30 pg/ml CAPE plus 20 ng/ml TRAIL) for 24 h. Cells were stained with DiOC4 (40 nM) and the accumulation of DiOC, was analyzed
by flow cytometry. A representative result is shown (left). The loss of AW, (%) is presented as a bar graph (right). The bar represents the mean + SD (n=3).
Statistical significance: “p<0.001 vs. untreated control; #p<0.001 vs. cells treated with CAPE or TRAIL alone; "p<0.01 vs. cells treated with CAPE plus TRAIL.

the role of the intrinsic death pathway, we measured AW
by staining cells with DiOC, fluorescence, which labels
mitochondria. As shown in Fig. 2F, CAPE or TRAIL alone
slightly induced loss of AW, . In contrast, combination of
CAPE with TRAIL led to the significant depolarization of
the mitochondrial membrane, confirming the involvement
of the mitochondria-dependent intrinsic apoptosis pathway.
Moreover, z-IETD-fmk, a caspase-8 specific inhibitor,
significantly rescued the alteration of AW, by combined
treatment, suggesting the important role of caspase-8 as an
upstream regulator of mitochondria-mediated apoptosis.

These results indicate that both intrinsic and extrinsic apop-
totic pathways are involved in combined treatment-induced
apoptosis.

CAPE potentiates TRAIL-induced apoptosis through DR4
and DRS5 upregulation. It is well known that TRAIL inter-
acts with its receptors, DR4 and DRS5, to trigger apoptotic
cell death (14). To investigate whether enhanced apoptosis
by combination treatment is associated with this signaling
pathway, we examined the effect of CAPE on the surface
expression of DR4 and DR5. We found that CAPE treat-
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Figure 3. The role of death receptors in apoptosis induced by CAPE and TRAIL combination. (A) Cells were treated with CAPE (30 pg/ml) for 24 h and the cell
surface expression of DR4 and DR5 was analyzed by flow cytometry after staining with anti-DR4 or anti-DRS5 antibodies. Isotype-matched non-binding antibodies
(Iso) were used as a negative control. (B and C) Cells were treated with 30 ug/ml CAPE and 20 ng/ml TRAIL for 24 h in the absence or presence of DR4/Fc
(100 ng/ml) or DR5/Fc chimera protein (100 ng/ml) prior to (B) Annexin V/PI double staining assay and (C) western blot analysis. (B) “p<0.001 vs. untreated

control; 7p<0.001 vs. cells treated with CAPE plus TRAIL.

ment upregulated both DR4 and DRS5 expression (Fig. 3A).
Next, to determine the role of these death receptors in the
enhancement of TRAIL-induced apoptosis by CAPE,
we used DR4/Fc and DR5/Fc chimera antibodies. As
shown in Fig. 3B, both DR4 and DRS5 blocking by specific
chimera protein significantly suppressed the combination
treatment-induced apoptosis. Furthermore, combination
treatment-induced PARP cleavage, activation of caspases,
and Bid cleavage were markedly attenuated by DR4/Fc and
DR5/Fc chimera proteins (Fig. 3C). These results indicate

that the upregulation of DR4 and DRS5 is essential for the
sensitizing effect of CAPE on TRAIL-mediated apoptosis.

Treatment with CAPE alone or together with TRAIL effectively
activates p38 MAPK but suppresses JNK phosphorylation.
We investigated whether the mitogen-activated protein kinase
(MAPK) signaling pathway is affected by the combination
effect of CAPE and TRAIL on SK-Hepl cells. As shown in
Fig. 4A, p38 was significantly activated after 16 h of CAPE
treatment, whereas JNK activation was strongly suppressed
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Figure 4. Effect of CAPE in the presence or absence of TRAIL on MAPK family members. (A) Cells were treated with 30 yg/ml CAPE for various time points
and cell lysates were analyzed by western blot analysis for phosphorylated ERK, JNK and p38. Antibodies against total ERK, total JNK and total p38 were used to
normalize protein loading. (B) Cells were treated with CAPE (30 pg/ml) with or without TRAIL (20 ng/ml). After 24 h, cell lysates were analyzed by western blot
analysis for phosphorylated ERK, JNK and p38. Antibodies against total ERK, total INK and total p38 were used to normalize protein loading. Representative data
are shown in the upper panel. Protein band intensity was measured by image analyzer and presented as bar graphs (lower panel). The bar represents the mean + SD

(n=3). Statistical significance: "p<0.05, “p<0.001 vs. untreated control.

after 16 h of treatment. However, CAPE had no significant
effect on ERK activation. Combination of CAPE and TRAIL
showed similar trends in relation to their effect on MAPK
phosphorylation (Fig. 4B). Interestingly, the activation of p38
and the inhibition of INK were further enhanced by combina-
tion treatment, as compared to treatment with CAPE alone. The
level of ERK was not changed by either single agents or by
combined treatment of CAPE and TRAIL.

p38 MAPK pathway is involved in the upregulation of DR4
and DR5 and subsequent apoptosis. To investigate the possible
role of p38 on combination treatment-induced apoptosis, cells

were pretreated with SB203580, a specific inhibitor of p38,
and apoptosis was evaluated by Annexin V/PI double staining
assay. As shown in Fig. 5A, pretreatment with SB203580 signifi-
cantly blocked the combination-induced apoptosis, suggesting
the involvement of p38 in combination-mediated apoptosis.
Furthermore, we also examined whether inhibition of p38 atten-
uates the upregulation of DR4 and DRS5 by CAPE treatment. As
shown in Fig. 5B, CAPE resulted in a significant upregulation of
DR4 and DRS5, and pretreatment of SB203580 suppressed both
DR4 and DRS5 expression. These results indicate the important
role of the p38 MAPK pathway on DR4 and DRS upregulation,
and on the subsequent induction of apoptosis.
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Figure 5. Effect of SB203580 and SP600125 on the regulation of death receptors and apoptosis induced by CAPE and TRAIL. (A) Cells were pretreated with
20 uM SB203580 for 30 min and then treated with 30 yg/ml CAPE and 20 ng/ml TRAIL for 24 h. Apoptotic cell death (%) was evaluated by flow cytometry. The
bar represents the mean + SD (n=3). Statistical significance: “p<0.001 vs. untreated control; 'p<0.05 vs. cells treated with CAPE plus TRAIL. (B) Cells were pre-
treated with 20 xM SB203580 for 30 min and then treated with 30 ug/ml CAPE for 24 h and the expression of DR4 and DRS5 was analyzed by flow cytometry after
staining with anti-DR4 or anti-DR5 antibodies. The bar represents the mean + SD (n=3). Statistical significance: “p<0.001 vs. untreated control; "p<0.05 vs. cells
treated with CAPE. (C) Cells were pretreated with SP600125 (20-40 M) for 30 min before TRAIL (20 ng/ml) for 24 h. Apoptotic cell death (%) was analyzed by
flow cytometry. Statistical significance: ““p<0.001 vs. untreated control. (D) Cells were pretreated with SP600125 (20-40 M) for 30 min and incubated for 24 h.
The expression of DR4 and DR5 was analyzed by flow cytometry. Statistical significance: “p<0.05, “p<0.01, ““p<0.001 vs. untreated control.

JNK inhibition upregulates DR4 and DR5 and enhances To assess the effect of JNK inhibition on TRAIL-induced
TRAIL-induced apoptosis.JNK activation has been previously — apoptosis, a JNK specific inhibitor, SP600125, was used. As
reported to contribute to TRAIL resistance in HCC cells (6).  shown in Fig. 5C, combination of TRAIL with SP600125,
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as in the case of the combination of TRAIL with CAPE,
significantly enhanced TRAIL-induced apoptosis. We also
evaluated the effect of JNK inhibition on DR4 and DR5
surface expression. As shown in Fig. 5D, SP600125 effec-
tively upregulated DR4 and DRS5 surface expression. Taken
together, these results suggest that the CAPE-induced inhibi-
tion of JNK may contribute to the sensitizing effect of CAPE
on TRAIL-resistant SK-Hepl cells.

Discussion

CAPE is an active phenolic component of honeybee propolis,
and has been reported to possess a broad spectrum of biolog-
ical activities, including anticancer and apoptosis inducing
properties (15,16). Propolis, a resin-like mixture produced
by honeybees, is a concentrated source of polyphenolic
compounds (17). Previous reports have shown the synergistic
induction of TRAIL-induced cancer cell death by combi-
nation of TRAIL with propolis extracts or polyphenolic
compounds isolated from propolis (18,19). The molecular
mechanisms to overcome TRAIL-resistance by combina-
tion with these polyphenols in propolis have reported for
artepillin C, chrysin, apigenin, and naringenin (20-23).
However, the underlying mechanisms by which CAPE
sensitizes TR AIL-resistant malignant cells have not yet been
fully elucidated. In the present study, we demonstrated that
treatment with CAPE effectively sensitized SK-Hepl cells to
TRAIL-mediated apoptosis.

Caspases belong to a family of cysteine proteases which
play a pivotal role in apoptotic cell death. Activation of the
caspase cascade is mediated by two major pathways: one
is the death receptor-mediated (extrinsic) pathway, and the
other is the mitochondria-mediated (intrinsic) pathway (24).
Apoptosis by death receptors is initiated by binding of the
death-inducing ligands to its receptors, leading to the forma-
tion of death-inducing signaling complexes (DISC) and the
subsequent activation of caspase-8. Active caspase-8 initiates
the caspase cascade by direct activation of effector caspases,
such as caspase-3 and -7 (25). In the mitochondria-dependent
pathway, intrinsic apoptotic stimuli trigger mitochondria
membrane permeabilization and the subsequent release of
cytochrome c, which activates caspase-9 by forming the
apoptosome (26). In some cells, Bid is cleaved to tBid by
caspase-8 and serves as a molecular link between the extrinsic
and intrinsic pathways by inducing release of mitochondrial
proteins (13). In our results, the combination of CAPE
and TRAIL enhanced the activation of effector caspases
(caspase-3, -7) and their substrate PARP cleavage. We also
observed the activation of caspase-9 as well as the activation
of capsase-8 and Bid cleavage in combination-treated cells.
Furthermore, such activation of apoptosis-related proteins
by combination treatment was strongly inhibited by the
pan-caspase inhibitor, z-VAD-fmk, suggesting the critical
role of caspases in combination-treated cells. Moreover,
pretreatment with z-IETD-fmk (caspase-8 inhibitor) and
z-LEHD-fmk (caspase-9 inhibitor) resulted in a significant
inhibition of combination-induced apoptosis, indicating the
involvement of extrinsic and intrinsic apoptotic pathways.
Involvement of mitochondria-mediated apoptosis was
also confirmed by the marked increase of mitochondrial
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membrane depolarization in response to combination treat-
ment with CAPE and TRAIL.

TRAIL-induced death signal is initiated by the binding
of TRAIL with its two death receptors DR4 (TRAIL-RI)
and DR5 (TRAIL-R?2), leading to induction of the extrinsic
apoptosis pathway (27). Therefore, targeting of DR4 and DRS5
in TRAIL-resistant cells seems to be a useful strategy to
sensitize cancer cells to TRAIL-induced apoptosis. Previous
reports have shown that a combination of agents which upreg-
ulate DR4 and/or DR5 TRAIL receptors induced a synergistic
apoptotic activation in TRAIL-resistant tumor cells (28,29).
In this study, we found that upregulation of DR4 and DRS5
by CAPE was critical for the CAPE-mediated enhancement
of TRAIL-induced apoptosis. Blocking of TRAIL binding
with DR4 and DRS death receptors by their respective
dominant-negative chimeric proteins markedly suppressed
the effect of CAPE on TRAIL-induced apoptosis. However,
DR5/Fc chimera was more effective in reducing apoptosis
than DR4/Fc blocking protein. In agreement with our results,
several reports have shown the prominent role of DR5 over
that of DR4 in TRAIL-mediated apoptosis (30,31).

We also investigated whether MAPKs are involved
in the CAPE-induced sensitization of SK-Hepl cells to
TRAIL-induced apoptosis. The MAPK pathways participate
in the regulation of a wide variety of cellular processes, such
as growth, proliferation, differentiation, stress response,
survival, and apoptosis (32,33). In this study, we investigated
the roles of p38 and JNK in the sensitizing effect of CAPE
on TRAIL-induced apoptosis in SK-Hepl cells, and found
that p38 and JNK played opposing roles. Our results showed
that the p38 inhibitor, SB203580, significantly attenuated
CAPE-induced DR4 and DRS5 expression, and abolished
the combination treatment-induced apoptosis. These results
regarding the upregulation of TRAIL receptors through
p38 activation are consistent with those of previous studies
regarding diosgenin (34), damnacanthal (35) and lupu-
lone (36).

Mucha et al have reported that the frequent overexpres-
sion of JNK in HCC cells contributes to TRAIL-resistance in
these cells (6). They showed that JNK inhibition by SP600125
greatly sensitized hepatoma cells to TRAIL-induced apop-
tosis, without affecting normal cells, suggesting the novel
strategy of targeting JNK for effective TRAIL-based cancer
therapy. In our results, we found that JNK phosphorylation
was significantly reduced by CAPE alone, or in combination
with TRAIL. Consistent with the results of Mucha et al,
combination of SP600125 and TRAIL enhanced TRAIL-
mediated apoptosis in SK-Hepl cells. Moreover, SP600125
significantly upregulated the expression of DR4 and DRS,
just like CAPE, indicating that inhibition of JNK by CAPE
resulted in the upregulation of DRs, and the subsequent
enhancement of TRAIL-induced apoptosis in SK-Hepl
cells.

In summary, our study showed that CAPE effectively
augmented TRAIL-induced apoptosis in SK-Hepl cells
through caspase-dependent extrinsic and intrinsic apoptotic
pathways. The upregulation of death receptors by CAPE
treatment was involved in p38 activation and JNK inhibition.
Collectively, our results demonstrated a novel function of
CAPE in TRAIL-induced apoptosis in HCC cells.
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