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Abstract

Flavonoids are a broadly distributed class of plant pigments, universally present in vascular plants and responsible for much of the

coloring in nature. They are strong antioxidants that occur naturally in foods and can inhibit carcinogenesis in rodents. In this study, we

examined acacetin (5,7-dihydroxy-40-methoxyflavone), a flavonoid compound, for its effect on proliferation in a human liver cancer cell

line, Hep G2. The results showed that acacetin inhibited the proliferation of Hep G2 by inducing apoptosis and blocking cell cycle

progression in the G1 phase. Enzyme-linked immunosorbent assay showed that acacetin significantly increased the expression of p53 and

p21/WAF1 protein, contributing to cell cycle arrest. An enhancement in Fas/APO-1 and its two form ligands, membrane-bound Fas ligand

and soluble Fas ligand, as well as Bax protein, was responsible for the apoptotic effect induced by acacetin. Taken together, our study

suggests that the induction of p53 and activity of the Fas/Fas ligand apoptotic system may participate in the antiproliferative activity of

acacetin in Hep G2 cells.
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1. Introduction

Hepatocellular carcinoma (HCC), one of the most com-

mon cancers in the world, develops from transformed

hepatocytes during the course of chronic liver disease. It

is responsible for approximately 1 million deaths annually,

mainly in underdeveloped and developing countries [1,2].

Apoptosis has been characterized as a fundamental cellular

activity to maintain the physiological balance of the organ-

ism. It is also involved in immune defense machinery [3] and

plays a necessary role as a protective mechanism against

carcinogenesis by eliminating damaged cells or abnormal

excess cells proliferated owing to various chemical agents’

induction [3,4]. Emerging evidence has demonstrated that

the anticancer activities of certain chemotherapeutic agents

are involved in the induction of apoptosis, which is regarded

as the preferred way to manage cancer [3,4].

Flavonoids are a broadly distributed class of plant pig-

ments, universally present in vascular plants and respon-

sible for much of the coloring in nature [5]. They are strong

antioxidants that occur naturally in foods and can inhibit

carcinogenesis in rodents [5,6]. Acacetin (5,7-dihydroxy-

40-methoxyflavone), a flavonoid compound, has been

reported to possess antiperoxidative, anti-inflammatory,

and antiplasmodial effects [7–9], and to enhance differ-

entiation-inducing activity in HL-60 cells [10]. In addition,

acacetin can also inhibit glutathione reductase, cytochrome

P450, and topoisomerase I-catalyzed DNA religation

[11–13]. In this study, we determined the antiproliferative

activity of acacetin, and examined its effect on cell cycle

distribution and apoptosis in the human liver cancer cell

line, Hep G2. Furthermore, to establish the anticancer

mechanism of acacetin, we assayed the levels of p53,

p21/WAF1, Fas/APO-1 receptor, Fas ligand (FasL), and

Bax, which are strongly associated with the signal trans-

duction pathway of apoptosis and affect the chemosensi-

tivity of tumor cells to anticancer agents.
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2. Materials and methods

2.1. Materials

Fetal calf serum (FCS), penicillin G, streptomycin,

amphotericin B, and Dulbecco’s modified Eagle’s medium

(DMEM) were obtained from GIBCO BRL. Acacetin,

DMSO, ribonuclease (RNase), and propidium iodide

(PI) were purchased from Sigma Chemical. Sodium 30-
[1-(phenylamino-carbonyl)-3,4-tetrazolium]-bis(4-meth-

oxy-6-nitro)benzene-sulfoic acid hydrate (XTT) and p53

pan enzyme-linked immunosorbent assay (ELISA) kits

were obtained from Roche Diagnostics GmbH. Nuc-

leosome ELISA, WAF1 ELISA, FasL, Fas/APO-1

ELISA, and caspase-8 assay kits, and caspase-8 inhibitor

N-benzyloxycarbonyl-Ile-Glu-Thr-Asp-fluoromethylke-

tone (Z-IETD-FMK) were purchased from Calbiochem.

2.2. Preparation of acacetin

Acacetin was dissolved in DMSO and stored at �208.
For all experiments, final concentrations of the tested

compound were prepared by diluting the stock with

DMEM. Control cultures received the carrier solvent

(0.1% DMSO).

2.3. Cell line and culture

Hep G2 (American Type Culture Collection [ATCC]

HB8065) was maintained in monolayer culture at 378 and

5% CO2 in DMEM supplemented with 10% FCS, 10 U/mL

penicillin, 10 mg/mL streptomycin, and 0.25 mg/mL

amphotericin B.

2.4. Cell proliferation assay

Inhibition of cell proliferation by acacetin was measured

by XTT assay. Briefly, cells were plated in 96-well culture

plates (1 � 104 cells/well). After 24-hr incubation, the

cells were treated with acacetin (0, 1, 5, 10, and 20 mg/

mL) for 12, 24, 48, and 72 hr. Fifty microliters of XTT test

solution, which was prepared by mixing 5 mL of XTT-

labeling reagent with 100 mL of electron coupling reagent,

was then added to each well. After 6-hr incubation, the

absorbance was measured on an ELISA reader (Multiskan

EX, Labsystems) at a test wavelength of 492 nm and a

reference wavelength of 690 nm.

2.5. Cell cycle analysis

To determine cell cycle distribution analysis, 5 � 105

cells were plated in 60-mm dishes and treated with acacetin

(0, 10, and 20 mg/mL) for 24 hr. After treatment, the cells

were collected by trypsinization, fixed in 70% ethanol,

washed in PBS, resuspended in 1 mL of PBS containing

1 mg/mL RNase and 50 mg/mL PI, incubated in the dark

for 30 min at room temperature, and analyzed by EPICS

flow cytometer. The data were analyzed using the Multi-

cycle software (Phoenix Flow Systems).

2.6. Measurement of apoptosis by ELISA

The induction of apoptosis by acacetin was assayed

using the Nucleosome ELISA kit. This kit uses a photo-

metric enzyme immunoassay that quantitatively deter-

mines the formation of cytoplasmic histone-associated

DNA fragments (mono- and oligonucleosomes) after apop-

totic cell death. Hep G2 cells were treated with 0, 10, and

20 mg/mL acacetin, for 6, 12, 24, and 48 hr. The samples of

cell lysate were placed in 96-well microtiter plates

(1 � 106 per well). The induction of apoptosis was eval-

uated by assessing the enrichment of nucleosome in

cytoplasm, and determined exactly as described in the

manufacturer’s protocol [14].

2.7. Assaying the levels of p53, p21, Fas/APO-1,

and Fas ligands (mFasL and sFasL)

p53 pan ELISA, WAF1 ELISA, Fas/APO-1 ELISA, and

FasL ELISA kits were used to detect p53, p21, Fas/APO-1

receptor, and FasL. Briefly, Hep G2 cells were treated with

0, 10, and 20 mg/mL acacetin, for 6, 12, 24, and 48 hr. The

samples of cell lysate were placed in 96-well microtiter

plates (1 � 106 per well) that were coated with monoclonal

detective antibodies, and were incubated for 1 hr (Fas/

APO-1), 2 hr (p53 or p21/WAF1), or 3 hr (FasL) at room

temperature. It was necessary to determine the soluble

FasL in cell culture supernatant by using FasL ELISA

kit. After removing unbound material by washing with

washing buffer (50 mM Tris, 200 mM NaCl, and 0.2%

Tween 20), horseradish peroxidase-conjugated streptavi-

din was added to bind to the antibodies. Horseradish

peroxidase catalyzed the conversion of a chromogenic

substrate (tetramethylbenzidine) to a colored solution with

color intensity proportional to the amount of protein present

in the sample. The absorbance of each well was measured at

450 nm and concentrations of p53, p21/WAF1, Fas/APO-1,

and FasL were determined by interpolating from standard

curves obtained with known concentrations of standard

proteins [15,16].

2.8. Assay for caspase-8 activity

The assay is based on the ability of the active enzyme to

cleave the chromophore from the enzyme substrate, Ac-

IETD-pNA. The cell lysates were incubated with peptide

substrate in assay buffer (100 mM NaCl, 50 mM HEPES,

10 mM dithiothreitol, 1 mM EDTA, 10% glycerol, 0.1%

CHAPS, pH 7.4) for 3 hr at 378. The release of p-nitroani-

line was monitored at 405 nm. Results are represented

as the percent change of the activity compared to the

untreated control [17].
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2.9. Assay for Western blotting

Cells treated with 20 mg/mL acacetin for 24 and 48 hr

were lysed and the protein concentration was determined by

using a Bio-Rad Protein Assay (Bio-Rad Laboratories). For

Western blotting, 50 mg of total cell lysates were subjected

to SDS–PAGE. The protein was transferred to PVDF

membranes using transfer buffer (50 mM Tris, 190 mM

glycine, and 10% methanol) at 100 V for 2 hr. The mem-

branes were incubated with blocking buffer (50 mM Tris,

200 mM NaCl, 0.2% Tween 20, and 3% BSA) overnight at

48. After washing three times with washing buffer (blocking

buffer without 3% BSA) for 10 min each, the blot was

incubated with Bax antibody for 2–15 hr, followed by

horseradish peroxidase-labeled secondary antibody for

1 hr. The membranes were washed again, and detection

was performed using the enhanced chemiluminescence

Western blotting detection system (Amersham).

2.10. Statistical analysis

Data were expressed as means � standard errors. The

difference between control and acacetin-treated cells was

evaluated using Student’s t test. P value less than 0.05 was

considered statistically significant.

3. Results

3.1. Effect of acacetin on Hep G2 cell proliferation

We first tested the antiproliferative effect of acacetin in

the liver cancer cell line, Hep G2. As shown in Fig. 1, the

growth inhibitory effect of acacetin was observed in a dose-

and time-dependent manner. At 48 hr, the maximal effect

on proliferation inhibition was observed with 20 mg/mL

acacetin, which inhibited proliferation in 71.89% of Hep

G2 cells. The IC50 value was 10:44 � 0:08 mg/mL. The

maximal proliferation effect of 76.96% was reached by

20 mg/mL acacetin at 72 hr.

3.2. Acacetin-induced cell cycle arrest and apoptosis

in Hep G2 cells

The effect of acacetin on cell cycle progression of Hep

G2 was determined by flow cytometry. As shown in Fig. 2,

Fig. 1. Growth inhibition of Hep G2 cells by acacetin. Adherent cells that

proliferated in 96-well plates (104 cells/well) were incubated with different

concentrations (mg/mL) of acacetin for various time intervals. Cell

proliferation was determined by XTT assay. Results are expressed as

percent of cell proliferation of control at 0 hr. The data shown are the mean

from three independent experiments, each with triplicate wells. Standard

deviations are less than 10%.

Fig. 2. Inhibition of cell cycle progress in Hep G2 cells by treatment with

acacetin. (A) Cell cycle analysis of Hep G2 cells following treatment

without acacetin for 24 hr. (B) Cell cycle analysis of Hep G2 cells

following treatment with 10 mg/mL acacetin for 24 hr. (C) Cell cycle

analysis of Hep G2 cells following treatment with 20 mg/mL acacetin for

24 hr. Cells were fixed with ethanol and stained with PI, and then cell cycle

distribution was analyzed by flow cytometry. The percentage of cells in

G0/G1, S, and G2/M phases were calculated using Multicycle software and

are indicated on the right upper side.
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the results indicated that, compared with the control,

10 mg/mL acacetin increased the population of G1 phase

from 31.1 to 61.6%. This effect was enhanced when Hep

G2 cells were treated by 20 mg/mL acacetin (76.5% of the

cell population in the G1 phase).

Figure 3 shows the time course of DNA fragmentation in

continuous treatment with 10 and 20 mg/mL acacetin. DNA

fragmentation of Hep G2 was exhibited at 6 hr and max-

imized at 48 hr after addition of acacetin. In contrast to the

controls, when cells were treated with acacetin, the number

of cells undergoing apoptosis increased from about 4-fold

at 10 mg/mL acacetin to 8-fold at 20 mg/mL acacetin at

48 hr.

3.3. Acacetin increases the expression of p53 and

p21/WAF1 proteins in Hep G2 cells

To determine whether tumor suppression factor p53 and

its downstream molecule p21/WAF1 were involved in the

acacetin-mediated antiproliferative effect of Hep G2 cells,

the levels of proteins were assayed by ELISA. Marked

induction of p53 protein was observed in a dose-dependent

manner (Fig. 4A). The upregulation of p53 by acacetin

started to increase 6 hr after treatment with acacetin, and

maximum expression was observed at 12 hr. Comparison

of the results between apoptotic response and induction of

p53 indicated that the upregulation of p53 occurred at an

early stage of acacetin-mediated apoptotic process.

Figure 4B shows that an increase in p21/WAF1 protein

was apparent at 6 hr and reached maximum induction at

24 hr in acacetin-treated Hep G2 cells. Moreover, the

induction of p21/WAF1 was in a dose-dependent manner.

Based on these data, we suggest that acacetin-mediated cell

cycle arrest might operate through the induction of p21/

WAF1 protein on a p53-dependent event in Hep G2 cells.

3.4. Fas/FasL apoptotic system might be a possible

pathway of acacetin-mediated apoptosis

As observed in the induction of p21/WAF1, the expres-

sion of Fas/APO-1 was detected in Hep G2 cells at 6 hr

after acacetin treatment. Maximum Fas/APO-1 was

detected at 24 hr (Fig. 5A). It is suggested that the induc-

tion of Fas/APO-1 in acacetin-treated Hep G2 cells might

be related to the activation of p53.

Results on FasL assay indicate that FasL, mFasL, and

sFasL were increased in a dose-dependent manner (Fig. 5B

and C). The accumulation of mFasL was observed at 6 hr

after acacetin treatment, and increased progressively for up

to 24 hr (Fig. 5B). A similar result was observed for sFasL

Fig. 3. Induction of apoptosis in Hep G2 by acacetin. Hep G2 cells were

cultured with 0, 10, and 20 mg/mL acacetin for 6, 12, 24, and 48 hr. Cells

were harvested and lysed with lysis buffer. Cell lysates that contained

cytoplasmic oligonucleosomes of apoptotic cells were analyzed in the

Nucleosome ELISA. The data shown are the mean � SD of three

independent experiments, each with triplicate wells. The asterisk (�)

indicates a significant difference between control and acacetin-treated

cells, �P < 0:05.

Fig. 4. Effects of acacetin on protein expression of p53 and p21/WAF1.

(A) The level of p53 protein in Hep G2 cells; (B) the level of p21/WAF1 in

Hep G2 cells. Hep G2 cells were treated with 0, 10, and 20 mg/mL

acacetin. Lysates were prepared from these cells and p53 and p21/WAF1

levels were determined by p53 pan ELISA and WAF1 ELISA kits,

respectively. The detailed protocol is described in ‘‘Section 2’’. The data

shown are the mean � SD of three independent experiments, each with

triplicate wells. The asterisk (�) indicates a significant difference between

control and acacetin-treated cells, �P < 0:05.
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Fig. 5. The Fas/FasL system was involved in acacetin-mediated apotopsis. (A) The amount of Fas/APO-1 receptor; (B) the amount of mFasL; (C) the amount

of sFasL; (D) the activation of caspase-8 in Hep G2 cells; (E) effect of caspase-8 inhibitor on acacetin-mediated antiproliferation; (F) effect of caspase-8

inhibitor on acacetin-induced apoptosis. Hep G2 cells were incubated with various concentrations of acacetin for the indicated times. The amount of Fas/

APO-1 and FasL was determined by Fas/APO-1 and FasL ELISA kit. For blocking experiments, cells were preincubated with Z-IETD-FMK (10 mM) for 1 hr

before the addition of 20 mg/mL acacetin. After 48-hr treatment, the cell viability and induction of apoptosis was measured by XTT and Nucleosome ELISA

kit. The data shown are the mean � SD of three independent experiments, each with triplicate wells. The asterisk (�) indicates a significant difference

between control and acacetin-treated cells, �P < 0:05.
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(Fig. 5C). However, the amount of mFasL by acacetin was

more than sFasL at all time points.

We next measured the downstream caspase of Fas/FasL

system. The results showed that caspase-8 activity increased

at 12 hr, and reached maximum induction at 24 hr in

20 mg/mL acacetin-treated Hep G2 cells (Fig. 5D). Further-

more, our results showed that the antiproliferative activity

and induction of apoptosis by acacetin were significan-

tly decreased in the presence of inhibitor of caspase-8

(Z-IETD-FMK) (Fig. 5E and F).

3.5. Acacetin treatment of Hep G2 cells results in an

increase of proapoptotic protein Bax

The levels of Bax were investigated by Western analysis

in untreated and treated Hep G2. In the case of proapoptotic

Bax protein, 20 mg/mL acacetin increased Bax protein

levels in contrast to the levels of the control cells, at 24

and 48 hr (Fig. 6).

4. Discussion

Normal p53 function plays a crucial role in inducing

apoptosis and cell cycle checkpoints in human and murine

cells following DNA damage [18]. This has been further

supported by the finding that p53 is the most commonly

mutated tumor suppressor gene. Moreover, the chemosen-

sitivity of cancer cells to chemotherapy agents is greatly

influenced when the function of p53 is abrogated [4]. Our

results demonstrate that p53 plays an important role in

acacetin-induced antiproliferative activity in Hep G2 cells.

Induction of p53 by acacetin not only might cause cell

cycle arrest, but may also trigger apoptosis in Hep G2 cells.

This finding is supported by the following results: First,

flow cytometry assay indicated that acacetin arrested the

cell cycle in the G1 phase, which was attributed to the

enhancement of p21/WAF1 protein that might be induced

by p53. Second, both proapoptotic downstream targets of

p53, Fas/APO-1, and Bax proteins were increased by

acacetin. Moreover, the expression levels of these proteins

were greatly increased (at 24 hr) after maximal accumula-

tion of p53 protein (at 12 hr) in Hep G2 cells.

Fas/FasL system is a key signaling transduction pathway

of apoptosis in cells and tissues [19]. Many observations

have highlighted the role of the Fas/FasL system in che-

motherapy-induced apoptosis of tumors by upregulation of

Fas/APO-1 or its ligand [20]. Loss of Fas/APO-1 expres-

sion might be involved in the escape of liver cancer cells

from the immune defense system and chemoresistance of

HCC to chemotherapeutic agents [21]. Ligation of Fas by

agonistic antibody or its mature ligand induces receptor

oligomerization and formation of death-inducing signaling

complex (DISC), followed by activation of caspase-8, then

further activating a series caspase cascade resulting in cell

apoptotic death [3,19]. FasL is a TNF-related type II

membrane protein [22]. Cleavage of mFasL by a metallo-

protease-like enzyme results in the formation of sFasL

[23]. Both mFasL and sFasL can bind to Fas/APO-1 and

subsequently trigger the Fas/FasL system, but sFasL has

been reported to be a weaker inducer of apoptosis than

mFasL [24]. Our study indicates that Fas ligands, mFasL

and sFasL, increase in acacetin-treated Hep G2 cells. Also,

the level of Fas/APO-1 and the activity of caspase-8 are

simultaneously enhanced in FasL-upexpressing Hep G2

cells. Furthermore, cell growth inhibition and apoptotic

induction of acacetin decreases in Hep G2 cells with

caspase-8 inhibitor treating. Thus, our results have demon-

strated that the Fas/FasL system plays an important role in

acacetin-mediated Hep G2 cellular apoptosis.

The Bcl-2 family is a key regulator of apoptosis [3,25]. It

is not surprising that the level of Bax expression was found to

increase in acacetin-treated Hep G2 cells. Wild-type p53 is

known to be the upstream regulator of the Bax protein, which

can antagonize the anti-apoptotic activity of Bcl-2 [18]. The

highest increase of Bax expression in Hep G2 after 48-hr

incubation might result from the accumulation of p53, which

reached its highest peak earlier (after 12-hr treatment).

In summary, our study demonstrates that the induction of

p53 and activity of the Fas/FasL apoptotic system may

participate in the antiproliferative activity of acacetin in

Hep G2 cells. Our study has clearly demonstrated that

acacetin may be a promising chemopreventive agent for

treating liver cancer.
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