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Apigenin Sensitizes Huh-7 Human Hepatocellular Carcinoma
Cells to TRAIL-induced Apoptosis
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Abstract

TNF-related apoptosis-inducing ligand (TRAIL) is a promising agent for management of cancer because of its selective cytotoxic-
ity to cancer cells. However, some cancer cells have resistance to TRAIL. Accordingly, novel treatment strategies are required to
overcome TRAIL resistance. Here, we examined the synergistic apoptotic effect of apigenin in combination with TRAIL in Huh-7
cells. We found that combined treatment of TRAIL and apigenin markedly inhibited Huh-7 cell growth compared to either agent
alone by inducing apoptosis. Combined treatment with apigenin and TRAIL induced chromatin condensation and the cleavage
of poly (ADP-ribose) polymerase (PARP). In addition, enhanced apoptosis by TRAIL/apigenin combination was quantified by an-
nexin V/PI| flow cytometry analysis. Western blot analysis suggested that apigenin sensitizes cells to TRAIL-induced apoptosis
by activating both intrinsic and extrinsic apoptotic pathway-related caspases. The augmented apoptotic effect by TRAIL/apigenin
combination was accompanied by triggering mitochondria-dependent signaling pathway, as indicated by Bax/Bcl-2 ratio up-regu-
lation. Our results demonstrate that combination of TRAIL and apigenin facilitates apoptosis in Huh-7 cells.
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INTRODUCTION products effectively enhances therapeutic efficacy of TRAIL

by combination in TRAIL-resistant cancer cells. For example,
TNF-related apoptosis-inducing ligand (TRAIL), a member curcumin potentiated TRAIL-induced apoptosis in vitro and

of the TNF-superfamily, is a promising agent since it selec- in vivo through down regulation of p-Akt and NF-kB in pros-
tively triggers tumor cell apoptosis but not in normal cells (Ash- tate cancer (Deeb et al., 2004; Andrzejewski et al., 2008) or
kenazi et al., 1999; Walczak et al., 1999). However, resistance through ROS-mediated DR5 up-regulation (Jung et al., 2005).
to TRAIL-induced apoptosis has been also reported in various Resveratrol also has been diversely studied as an agent to
cancer cells (Hinz et al., 2000; Armeanu et al., 2003; Zhang overcome TRAIL-resistance in various cancer cells (Jacque-
and Zhang, 2008). Therefore, effective strategies to overcome min et al., 2010). Keampferol is another natural compound
this resistance are required for therapeutic application of that sensitizes resistant cancer cells to TRAIL-induced apop-
TRAIL. Resistance to TRAIL is associated to multiple factors tosis. Co-treatment with kaempferol facilitated TRAIL-mediat-
in TRAIL-mediated apoptosis signaling pathway (Zhang and ed apoptosis by DR4 and DR5 up-regulation in colon cancer
Fang, 2005). Low expression of pro-apoptotic molecules like cells (Yoshida et al., 2008) and through the suppression of
death receptors, FADD, and caspase-8 could lead to TRAIL survivin in human glioma cells (Siegelin et al., 2008).
resistance. Conversely, high expression of anti-apoptotic pro- Apigenin, the naturally occurring dietary compound, is a
teins, such as decoy receptors, Bcl-2, Bcl-xl, FLIP, XIAP, and kind of flavones as depicted in Fig. 1. It has been widely re-
IAP could also be related to TRAIL resistance (Eggert et al., ported that apigenin possesses anti-tumor effect against vari-
2001; Van Geelen et al., 2004; Zhang and Fang, 2005). Thus, ous malignant cell lines. Chemical carcinogens or UV-induced
combination with agents that target these molecules could fur- mouse skin carcinogenesis was suppressed by apigenin ap-
ther enhance the TRAIL-induced apoptosis. plication in the in vivo studies (Wei et al., 1990; Birt et al.,
Previous studies showed that combination therapy with 1997). Moreover, apigenin-induced cell growth inhibition, cell
TRAIL and chemotherapeutic agents or radiation is effec- cycle arrest, and apoptosis have been estimated in prostate,
tive to overcome resistance to TRAIL (Bhojani et al., 2003). breast, colon, leukemic, and liver cancer cell lines (Wang

Especially, it have been reported that various natural dietary et al., 2000; Gupta et al., 2001; Way et al., 2004; Chiang et
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Fig. 1. Chemical structure of apigenin.

al., 2006). Interestingly, apigenin selectively inhibited the cell
growth in liver cancer cells at the concentrations that had no
effect in normal murine liver cells (Chiang et al., 2006). There-
fore, apigenin is considered as a promising anticancer agent.

In the present study, we examined the effects of apigenin in
combination with TRAIL in Huh-7 human hepatocellular carci-
noma (HCC) cells. We found that apigenin potentiates TRAIL-
induced apoptosis through caspase family and Bcl-2 family
regulation.

MATERIALS AND METHODS

Cell culture

Huh-7 human hepatocellular carcinoma cells were obtained
from the Korean Cell Line Bank (Seoul, South Korea) and
maintained in Roswell Park Memorial Institute (RPMI) 1640
medium (Welgene, Deagu, South Korea) at 37°C in a humidi-
fied condition of 5% CO,. The medium was supplemented with
10% heat-inactivated fetal bovine serum, 100 units/ml penicil-
lin, and 100 pg/ml streptomycin.

MTT assay

Cell viability was determined by 3-(4,5-Dimethylthiazoly-2-
yI)-2,5-diphenyl-tetrazolium bromide (MTT) assay. Cells were
seeded in 96-well plate and treated with indicated concen-
trations of apigenin and/or TRAIL for 24 h. After incubation
with MTT solution for 4 h at 37°C, the formazan crystals were
dissolved in dimethyl sulfoxide (DMSQ). The absorbance at
546 nm and 650 nm were measured by a microplate reader
(EL800, Bio-Tek Instrument Inc., Winooski, VT, USA).

DAPI staining

Apoptotic cell death was observed by DAPI (4,6-Diamidino-
2-phenyl-indole) staining. Huh-7 cells were seeded in 6-well
plate and treated with apigenin and/or TRAIL for 24 h. The
cells were washed with cold PBS and fixed with methanol/
DMSO (4:1) solution at 4°C. The cells were rehydrated with
methanol and permeabilized with 0.2% Triton X-100 in PBS
for 5 min. Then, cells were stained with 1 ng/ml DAPI solution
for 30 min at room temperature and washed with PBS. Finally,
the morphology of the cells’ nuclei was observed by fluores-
cence microscope (Olympus BH Series, Tokyo, Japan).

Flow cytometric analysis

Apoptosis was quantified by using annexin V/ propidium
iodide (Pl) detection kit (BD biosciences, San Jose, CA,
USA) according to the manufacturer’s instructions. Cells were
treated with apigenin and/or TRAIL for 24 h and harvested.
The cells were resuspended in 1x binding buffer and stained
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Fig. 2. The effects of TRAIL and apigenin on Huh-7 cell viability. (A)
Cells were incubated with various concentrations of TRAIL (0-100
ng/ml) for 24 h. (B) Cells were treated with various concentrations
of apigenin (0-8 ug/ml) with or without TRAIL (5 ng/ml) for 24 h.
Cell viability was measured by MTT assay. Data represent mean
+ SD of three independent experiments. Significant difference:
*p<0.05, **p<0.01, ***p<0.001 versus control untreated cells.

with annexin V and PI solution at room termperature. Samples
were analyzed by BD FACSCanto Il Flow Cytometer (BD Bio-
sciences, San Jose, CA, USA).

Western blotting

Cells were incubated with apigenin and/or TRAIL for 24 h
and lysed with RIPA buffer (50 mM Tris-HCL, pH 8.0, with 150
mM NaCl, 0.1% NP-40, 0.5% sodium deoxycholate, and 0.1%
SDS) containing protease inhibitor (Roche). Lysates were cen-
trifuged at 17,000 rpm for 20 min. Protein contents was mea-
sured with Bio-Rad protein assay kit. The equal amount of pro-
tein was loaded on 10% SDS-PAGE gels and transferred onto
poly-vinylidene difluoride (PVDF) membranes. After blocking
with 5% nonfat dry milk in TBS-T (25 mM Tris, 137 mM NaCl
and 0.1% Tween 20) for 1 h at room temperature, the blots
were incubated overnight at 4°C with primary antibodies. After
washing with TBS-T, the membrane was incubated with sec-
ondary horseradish peroxidase-conjugated anti-rabbit or anti-
mouse antibodies. Finally, the protein signals were visualized
by enhanced chemiluminescence (ECL) advance detection
kit. Multi Gauge software (Fuji Photo Film, Tokyo, Japan) was
used to quantify the protein signals.
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Statistical analysis

Values are expressed as the mean + SD. Statistical signifi-
cance was evaluated by using one-way analysis of variance
(ANOVA) followed by Turkey’s test. p value of less than 0.05
was considered statistically significant.

RESULTS

Apigenin potentiates TRAIL-induced cell growth inhibi-
tion in Huh-7 cells

To investigate the effect of TRAIL alone, Huh-7 cells were
treated with increasing concentrations of TRAIL (0-100 ng/ml)
for 24 h and cell viability was determined by MTT assay. As
indicated in Fig. 2A, there was no significant change of cell
viability up to 10 ng/ml TRAIL. Therefore, a concentration of
5 ng/ml TRAIL that has no effect on Huh-7 cell viability, was
chosen for the subsequent experiments.

Next, to determine the dose capable of potentiate the effect
of TRAIL, the cells were treated with the indicated concentra-
tions of apigenin with or without TRAIL (Fig. 2B). As a result,
cell proliferation was reduced significantly by TRAIL/apigenin
combined treatment when compared with control or single
treated group.

Apigenin sensitizes Huh-7 cells to TRAIL-induced apopto-
sis

During apoptosis, cells display typical morphological chang-
es. To determine whether TRAIL/apigenin-induced cell death
occur through apoptosis, apoptotic morphological changes
such as fragmented nuclei and chromatin condensation were
observed by DAPI staining. As shown in Fig. 3A, nuclear frag-
mentation was markedly increased in TRAIL/apigenin com-
bination treated group, whereas treatment with apigenin or
TRAIL alone did not.

Then, to evaluate the quantitative induction of apoptosis,
we measured the annexin V-stained cells using flow cytomet-
ric analysis. Consistent with the results showed above, the
combined treatment resulted in distinct increase of apoptosis
(Fig. 3B). These results indicate that apigenin sensitizes Huh-
7 cells to TRAIL-mediated apoptosis.

Augmented apoptosis by TRAIL and apigenin combina-
tion is induced via caspase activation

Caspase family members are well known proteases that
play central role in mammalian apoptosis. During apoptosis,
activated caspases induce diverse changes in cells including
cleavage of cytoskeletal proteins, a decrease in DNA dam-
age repair capacity and down regulation of proteins related
to cell survival (Cohen, 1997). In general, apoptotic caspases
are divided into two groups, the initiator caspases (caspase-2,
-8, -9, and -10) and effector caspases (caspase-3, -6, and -7)
(Wolf and Green, 1999). To elucidate the signaling pathway
associated with synergy effect of TRAIL and apigenin, we ex-
amined the involvement of caspase proteases by western blot
analysis. As indicated in Fig. 4A, TRAIL/apigenin combined
treatment led to a significant increase of both extrinsic (cas-
pase-8) and intrinsic (caspase-9) initiator caspase activation
compared to TRAIL or apigenin alone treated group. We next
examined the activation of effector caspases such as cas-
pase-3, -6, and -7. Although TRAIL or apigenin alone did not
cause any effect on effector caspases, TRAIL/apigenin combi-
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Fig. 3. Effects of TRAIL and apigenin co-treatment on Huh-7 cell
apoptosis. (A) Cells were treated with TRAIL (5 ng/ml) and api-
genin (6 ug/ml) for 24 h and apoptotic cell death was evaluated by
fluorescence microscopy after DAPI staining. Arrows indicate the
apoptotic cells with fragmented nuclei. (B) Cells were incubated
with TRAIL (5 ng/ml) and apigenin (6 pg/ml) for 24 h. Flow cyto-
metric analysis was used to quantify the early apoptotic cell death.
Data from three separate experiments (+ SD) was also shown
as a bar graph. *p<0.001 compared with control group; *p<0.001
compared with 5 ng/ml TRAIL; Tp<0.001 compared with 6 ug/mi
apigenin.
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Fig. 4. TRAIL/apigenin combined treatment induces activation of
caspase family members and PARP cleavage. Cells were incu-
bated for 24 h with 6 pug/ml apigenin with or without 5 ng/ml TRAIL
and cell lysates were prepared for western blotting. (A) Western
blot analysis was performed with initiator caspase antibodies. (B)
Western blot analysis of effector caspases and PARP. B-actin was
used as loading control.

nation induced obvious increase of active caspases. Further-
more, PARP, one of the substrate for caspase-3, -6, and -7,
was also activated by exposure to TRAIL/apigenin combined
treatment (Fig. 4B). Taken together, our results indicate that
the synergy effect of co-treatment of TRAIL and apigenin is
associated with caspase family activation.

Combined treatment of apigenin with TRAIL regulates the
Bcl-2 family proteins

It has been reported that Bcl-2 family is another important
regulator of inducing apoptosis. Particularly, the balance be-
tween pro-apoptotic Bax and anti-apoptotic Bcl-2 protein is the
key determinant of cell’s fate for undergoing apoptosis (Gross
etal., 1999). According to our result, the ratio of Bax/Bcl-2 was
markedly enhanced by co-treatment of TRAIL and apigenin,
indicating that the synergy effect of TRAIL/apigenin combina-
tion is related to Bcl-2 family modulation (Fig. 5).

DISCUSSION

Failing in apoptosis is the major obstacle in clinical use of
anticancer agents because a lot of chemotherapeutic treat-
ments mediate apoptosis (Johnstone et al., 2002). Thus, new
therapeutic strategies to overcome resistance are needed for
effective cancer management. As an agent for cancer ther-
apy, cytokine TRAIL is considered to be a promising strate-
gy since its ability to inducing apoptotic cell death in cancer
cells without normal cell death (Ashkenazi et al., 1999; Roth
et al.,, 1999; Walczak et al., 1999). Although the early stud-
ies showed that tagged forms of recombinant human TRAIL
(rhTRAIL) were toxic to several normal human cells (Walczak
etal., 1999; Nitsch et al., 2000), further in vivo and in vitro stud-
ies have revealed that non-tagged rhTRAIL (Apo2L/TRAIL) is
nontoxic to normal human cells (Lawrence et al., 2001; Hao
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Fig. 5. Effects of TRAIL/apigenin combination on Bcl-2 family reg-
ulation. (A) Cells were treated with 6 ug/ml apigenin with or without
5 ng/ml TRAIL for 24 h and whole cell extracts were prepared.
Western blot analysis was carried out using anti-Bax and anti-
Bcl-2 antibody. B-actin was used as loading control. (B) Bax/Bcl-2
ratio from three independent experiments (+ SD) was also shown
as a bar graph. *p<0.05 compared with control group; p<0.05
compared with 5 ng/ml TRAIL; "'p<0.05 compared with 6 pg/ml api-
genin.

et al., 2004). However, it is not enough to use TRAIL as a
single agent because some cancer cells are resistant against
TRAIL. Hence, current studies are in progress to sensitize the
TRAIL-resistant cancer cells by combined regimens (Koschny
etal., 2007; Kruyt, 2008). In the present study, we investigated
whether the resistant Huh-7 cells could be sensitized by com-
bination of TRAIL and apigenin and examined the underlying
mechanisms. In our results, staining cells with DAPI showed
the obviously increased cells with fragmented and condensed
nuclei in TRAIL and apigenin combination treated group. Also,
the markedly increased percentage of the annexin V-stained
cells in combined treatment indicated that TRAIL/apigenin
combination causes increased apoptosis significantly at the
concentration that either agent alone did not.

There are at least two ways for inducing apoptosis that one
is initiated from the death receptors and the other is triggered
by cellular stress. Both pathways eventually reach to the acti-
vation of caspases, the aspartate-specific cysteine proteases
(Sun et al., 1999). Among the diverse possible mechanisms in
TRAIL-resistance, down-regulation or loss of caspase activ-
ity could be a potential factor of resistance to TRAIL because
TRAIL mediates apoptosis in cancer cells through caspase-
dependent manner (Yano et al., 2003; Zhang and Fang, 2005).
In this study, we found that TRAIL/apigenin co-treatment po-
tentiates both intrinsic (caspase-9) and extrinsic (caspase-8)
initiator caspase activity in Huh-7 cells. Increased activation
of effector caspases (caspase-3, -6, -7) and their substrate
PARP was also observed in TRAIL/apigenin co-treated group,
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suggesting that the combined effect of TRAIL plus apigenin is
the result of the caspase cascade pathway induction.

It has been proposed that the balance between Bax/Bcl-2
also could be an important factor to determine susceptibility
of cancer cells to undergo TRAIL-induced apoptosis (Kim et
al., 2006). Bax, the pro-apoptotic protein, translocates to mi-
tochondria in response to cytotoxic signals and acts through
permeabilizing the mitochondrial outer membrane. Whereas,
the pro-survival Bcl-2 protein protects cells from various cy-
totoxic stimuli through inhibiting Bax activation (Adams and
Cory, 2007). In our study, we hypothesized that Bcl-2 fam-
ily regulation might be associated with the enhanced apop-
totic death in TRAIL/apigenin treated cells because intrinsic
apoptosis pathway is mainly involved in Bcl-2 family altera-
tions. According to our results, Bax/Bcl-2 ratio was noticeably
increased by combined treatment of TRAIL and apigenin at
the concentration that either agent alone did not induce the
marked change of Bax/Bcl-2 level.

The p53 protein, a well-known tumor suppressor protein,
is also related to promote apoptosis. As an important regula-
tor of apoptosis, p53 works in many steps in apoptotic signal-
ing pathways (Moll and Zaika, 2001). Therefore, p53 could be
an effective target for cancer therapy. However, p53 mutation
is frequently found in approximately 50% of human cancers
(Higashitsuji et al., 2007). Accordingly, searching agents with
ability to inducing apoptosis in p53-independent manner could
be an effective strategy to kill the p53 gene-mutated cancer
cells. Here, we showed that combination of TRAIL with api-
genin induced marked increase of apoptosis in Huh-7 cells,
in which the status of p53 is mutant type. Our results suggest
that enhanced apoptosis by TRAIL/apigenin combination is
mediated by p53-independent pathway. Therefore, apigen-
in could be a challenging agent to enhance TRAIL-induced
apoptosis even in p53-mutated hepatocarcinoma.

In conclusion, we demonstrated that apigenin potentiates
TRAIL-induced inhibition of Huh-7 cell proliferation. The aug-
mented inhibition was mediated through inducing apoptosis
by regulating initiator/effector caspases (caspase-8, -9, -3,
-6, -7) and cleavage of PARP. The effect of TRAIL/apigenin
combination was also involved in up-regulation of Bax/Bcl-2
ratio by p53-independent manner. Overall, our results provide
a possibility of TRAIL application on liver cancer therapy by
combination with apigenin.
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