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Ethnopharmacological relevance: A medicinal herb Tribulus terrestris Linn has been used to treat various
diseases including hepatocellular carcinoma.

The aim of the present study was to investigate the anticancer activity of Tribulus terrestris Linn (TT) in
liver cancer cells.
Materials and methods: The antitumor activity of aqueous TT extract was analyzed by testing the cytotox-
icity and the effect on clonogenecity in HepG2 cells. Apoptosis and cell cycle arrest induced by TT were
dissected by flow cytometry and its inhibitory effect on NF-�B activity was determined by analyzing the
expression levels of NF-�B/I�B subunit proteins. The suppression of NF-�B-regulated gene expression by
TT was assessed by RT-PCR.
Results: TT extract repressed clonogenecity and proliferation, induced apoptosis, and enhanced accumu-
lation in the G0/G1 phase of liver cancer cells. It also turned out that TT extract inhibited NF-�B-dependent
reporter gene expression and NF-�B subunit p50 expression, while it enhanced the cellular level of I�B�

by inhibiting the phosphorylation and degradation of I�B�. In addition, IKK activity was inhibited in a
dose-dependent manner. Furthermore, TT extract suppressed the transcription of genes associated with
cell cycle regulation, anti-apoptosis, and invasion.
Conclusion: These data showed that TT extract blocks proliferation and induces apoptosis in human liver
cancer cells through the inhibition of NF-�B signaling. Aqueous TT extract can be used as an anticancer
drug for hepatocellular carcinoma patients.
. Introduction

Hepatocellular carcinoma (HCC) is one of the most common
alignancies worldwide. The high incidence of liver cancer has

een caused by factors such as persistent infection with hepatitis
virus and contact with hepatocarcinogens such as nitrosamines,

flatoxins, and alcohol (Henry et al., 2002).
Tribulus terrestris Linn (TT) is an annual creeping herb that grows

n China, Japan, Korea, western Asia, southern Europe, and Africa. In
raditional pharmaceuticals, the extracts from TT have been used to

reat a variety of diseases including hypertension, coronary heart
isease (Phillips et al., 2006), infertility in both sexes, and fungal
iseases (Adimoelja, 2000; Zhang et al., 2005). Also, it is described

Abbreviations: TT, Tribulus terrestris Linn; HCC, hepatocellular carcinoma; I�B,
nhibitor of NF-�B; IKK, I�B kinase; cdks, cyclin-dependent kinases.
∗ Corresponding author. Tel.: +82 42 8216418; fax: +82 42 8227367.

E-mail address: jkahn@cnu.ac.kr (J.K. Ahn).
1 These authors contributed equally to this work.
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as a highly valuable drug in restoring the depressed liver for the
treatment of diabetes and hyperlipidemia (Chu et al., 2003; Amin
et al., 2006). In addition, it has been reported that the extract of
Tribulus macropterus, which is in the same family as TT, has cyto-
toxic activity against a human liver cancer cell line (Abdel-Hameed
el et al., 2007). Indeed, TT extracts have been used as anticancer
therapy in oriental medicine. However, the mechanisms of these
effects of TT extracts have not been elucidated.

The transcription factor NF-�B is a major mediator of inflam-
mation, cell cycle progression, and cell survival associated with
carcinogenesis (Okamoto et al., 2007). NF-�B is kept in an inactive
state in the cytoplasm by the members of the inhibitor of NF-�B
(I�B) family (Nabel and Verma, 1993). The most common NF-�B
is a heterotrimer consisting of p65, p50, and I�B�, while I�B� is
major component in the I�B family. In response to an activation
signal for NF-�B, I�B� is degraded through the proteosomal path-

way. NF-�B is then translocated to the nucleus and regulates the
transcription of a number of genes, whose products are involved in
tumorigenesis and cell growth (Aggarwal, 2004).

dx.doi.org/10.1016/j.jep.2011.04.060
http://www.sciencedirect.com/science/journal/03788741
http://www.elsevier.com/locate/jethpharm
mailto:jkahn@cnu.ac.kr
dx.doi.org/10.1016/j.jep.2011.04.060
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In order to elucidate the anti-tumor activity of TT extract, we
ested the effect of TT extract on the growth of human liver cancer
epG2 cells and investigated the possible molecular reaction mech-
nism. The study showed that the extract of TT induces cell cycle
rrest and apoptosis in human liver cancer HepG2 cells through
he inhibition of NF-�B, which results in the repression of NF-�B-
egulated gene expression.

. Materials and methods

.1. Compounds, antibodies, and plasmid

Dulbecco’s modified Eagle’s medium (DMEM) was purchased
rom Flow Laboratories (Irvine, UK). Fetal bovine serum was
urchased from Life Sciences (Grand Island, NY). Penicillin G,
treptomycin, and amphotericin B were obtained from GIBCO BRL
Gaithersburg, MD). Cycloheximide, MTT (3-(4,5-dimethylthiazol-
-yl)-2,5-diphenyltetrazolium bromide), propidium iodide (PI) and
NF-� were purchased from Sigma Chemical (St. Louis, MO). Anti-
50, anti-p65, and anti-�-actin antibodies were purchased from
anta Cruz Biotechnology (Santa Cruz, CA). Anti-phospho I�B�,
nti-I�B�, anti-phospho IKK�, and anti-IKK� antibodies were pur-
hased from Cell Signaling Biotechnology (Beverly, MA). Annexin
-FITC apoptosis detection kit was purchased from BD Biosciences
harmigen (San Diego, CA). Easy BLUE-RNA extraction kit was
btained from Intron Biotechnology (Korea). The plasmid pNF-
BLUC contains five copies of the consensus NF-�B binding site

inked to a minimal E1B promoter-luciferase reporter gene.

.2. Preparation of TT extract

TT was obtained from the Daejeon University Oriental Hospi-
al (Daejeon, Korea). The fruits of this plant were identified and
uthenticated by Prof. H.S. Yoo. Voucher specimens (#TT-2008-
3) have been deposited at the Institute of Traditional Medicine
nd Bioscience in Daejeon University. The aqueous extract of TT
as prepared by the standard method used for the treatment of

iver disease patients in traditional Chinese medicine: The dried TT
ruits (150 g) were boiled with 500 ml of distilled water for 3 h. Total
xtract was centrifuged at 5000 rpm for 30 min and the supernatant
as filtered with filter paper (Adventec No. 1), while the residue
as further extracted under the same conditions twice. The filtrates
ere evaporated to dryness under vacuum and weighed. The final

ield was 12.5% (w/w). The lyophilized extract was dissolved in dis-
illed water to produce a final concentration of 100 g/L TT extract
nd stored at −20 ◦C.

.3. Cell culture

Chang (normal human liver) cells and HepG2 cells were cultured
n DMEM supplemented with 5% (v/v) heat-inactivated fetal bovine
erum, 100 units/ml penicillin, and 0.1 mg/ml streptomycin. Cells
ere incubated at 37 ◦C in a moist atmosphere of 5% CO2 in air.

.4. Clonogenicity and cytotoxicity assay

The clonogenicity test was performed as described (Franken
t al., 2006). HepG2 cells and Chang cells were seeded at a den-
ity of 3 × 105 cells in 6-well plates. After 24 h of incubation, the
ells were treated with 500 mg/L of TT extract for 9 days. The cells
ere fixed and stained with 0.1% crystal violet to visualize colonies.
o determine the cytotoxic effect of TT extract in HepG2 cells, the
TT assay was performed (Kim et al., 2009). 5 × 103 cells were

eeded in 96-well plates and treated with TT extract for 9 days
ith changes of medium every 3 days. MTT (0.5 mg/ml) was added
acology 136 (2011) 197–203

to each well and incubated for an additional 3 h. The purple for-
mazan formed in viable cells was dissolved in 200 �l of DMSO and
the absorbance at 570 nm was measured on a 96-well multiscanner
(Dynex Technologies, Chantilly, VA).

2.5. Luciferase assay

HepG2 cells were seeded at a density of 1 × 105 cells per well in
6-well plates and allowed to grow until they were 50–70% conflu-
ent. The cells were then transiently transfected with 1 �g of plasmid
pNF-�BLUC. At 24 h after transfection, 0, 200, 500, and 800 mg/L
of TT extract was added and cells were cultivated for 48 h. Cell
extracts were prepared and the amount of protein in the cell extract
was measured by the Bradford method. The luciferase activity was
measured using the Dual Luciferase Assay system (Promega).

2.6. Annexin V-FITC/PI assay

Surface exposure of phosphatidylserine in apoptotic cells was
quantitatively detected using Annexin V-FITC/PI apoptosis detec-
tion kit. Cells were treated with 500 mg/L of TT extract for 72 h,
washed with phosphate-buffered saline (PBS), and harvested. Cell
pellets were washed and resuspended in 1 ml of binding buffer (BD
Bioscience, San Diego, CA). The cell suspension was stained with
annexin V-FITC and PI. After incubation for 10 min at room tem-
perature in the dark, the samples were immediately analyzed to
differentiate apoptotic cells (annexin V+/PI−) from necrotic cells
(annexin V−/PI+). Cell cycle distribution and the percentage of apo-
ptotic cells were analyzed by using a Becton Dickinson FACScan
flow cytometer and CellFit software (Phoenix Flow, San Diego, CA).

2.7. Cell cycle analysis

To determine the effect of TT extract on the cell cycle, HepG2
cells (1 × 106 cells) were seeded into a 100 mm dish. After 24 h of
cultivation, the cells were treated with 500 mg/L of TT extract for
72 h. Cells were harvested, resuspended in 0.9% NaCl, fixed in 95%
ethanol, and incubated at room temperature for 30 min followed
by storage at 4 ◦C. For staining, the cell pellet was resuspended
in 0.5 ml of 50 �g/ml PI (Sigma) plus 100 �l of 1 mg/ml RNase A
(Sigma) and incubated at 37 ◦C for 30 min. The fluorescence was
measured with a FACScan flow cytometer. Data collection and anal-
ysis of the cell cycle distribution were performed using CellQuest
and the Modfit software (Becton Dickinson).

2.8. DNA fragmentation analysis and Hoechst 33258 staining

DNA fragmentation assay was performed as previously
described (Kim et al., 2005). Briefly, HepG2 cells were cultivated
in DMEM containing 500 mg/L of TT extract at a density of 1 × 106

cells/100 mm plate. At 0, 72, 144, and 216 h after cultivation, both
adherent and floating cells were collected, incubated in ice-cold
lysis buffer (0.5% Triton X-100, 5 mM Tris pH 7.4, 20 mM EDTA) for
30 min, and centrifuged. The supernatant was incubated with pro-
teinase K (0.1 mg/ml) overnight and then with RNase (0.2 mg/ml)
for 2 h at 37 ◦C. After extraction with phenol–chloroform (1:1),
the DNA was separated in 2% agarose gels, stained with ethidium
bromide, and visualized by UV. For Hoechst 33258 staining, cells
were split at a density of 7.5 × 105 cells onto chamber slides (Nunc
Inc.). After 9 days of cultivation in media containing 500 mg/L of TT

extract, the slides were rinsed with PBS, fixed with 100% methanol,
and stained in a 1 mg/L solution of Hoechst 33258 immediately fol-
lowed by fluorescent microscopy analysis. Apoptotic cells exhibited
condensed, marginated, and fragmented nuclei.
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Fig. 1. Inhibitory effects of TT extract on clonogenicity and cell viability in liver cancer cells. (A) Clonogenecity assay revealed that TT extract suppressed colony formation
o but no
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f HepG2 cells. (B) MTT assay showed that TT inhibited the viability of HepG2 cells
he cytopathic effects of TT in HepG2 cells were analyzed with light microscopy.

.9. RNA extraction and RT-PCR

HepG2 cells were treated with 200 mg/L and 500 mg/L of TT
xtract for 72 h. Total RNA was isolated according to the manu-
acturer’s specifications using the easy-BLUE RNA extraction kit.
he concentration of total RNA in the final eluates was determined
y spectrophotometry. Total RNA was heated at 65 ◦C for 10 min
nd then chilled on ice. Each sample was reverse-transcribed to
DNA at 37 ◦C for 90 min using a cDNA synthesis kit (Amersham).
CR was performed with specific primers for the following genes;
cl-2 gene (5′-TTC TTT GAG TTC GGT GGG GTC-3′; 5′-TGC ATA TTT
TT TGG GGC AGG-3′), Bcl-xL gene (5′-TTC AGT GAC CTG ACA TTC

A-3′; 5′-TCC ACA AAA GTA TCC CAG CC-3′), Bax gene (5′-GAC ATG
TT TCT GAC GGC AA-3′; 5′-CCC AAA GTA GGA GAG GAG GC-3′),
MP-2 gene (5′-GAA GAG CGT GAA GTT TGG-3′; 5′-TCT GAG GGT

GG TGG G-3′), MMP-9 gene (5′-GGG ACG GCA ATG CTG ATG-3′;
t Chang cells. Data represent the mean ± SD of three independent experiments. (C)

5′-CCA CTT CTT GRC GCT GTC-3′), p21 gene (5′-TGG AGA CTC TCA
GGG TCG AAA-3′; 5′-CGG CGT TTG GAG TGG TAG AA-3′), cyclin D
gene (5′-CTG GCC ATG AAC TAC CTG GA-3′; 5′-CCA GGA AAT CAT
GTG CAA TC-3′), cyclin E gene (5′-TTC TCG GCT CGC TCC AGG AA-
3′; 5′-TGG AGG ATA GAT TTC CTC-3′), cdk4 gene (5′-CAT GTA GAC
CAG GAC CTA AGG-3′; 5′-AAC TGG CGC ATC AGA TCC TAG-3′), cdk2
gene (5′-AGA TTC TTC TGG GCT GCA AG-3′; 5′-AGA TCC GGA AGA
GTT GGT CA-3′), and �-actin gene (5′-CAA GAG ATG GCC ACG GCT
GCT-3′; 5′-TCC TTC TGC ATC CTG TCG GCA-3′) PCR products were
electrophoresed on 2% agarose gels and visualized by staining with
ethidium bromide.
2.10. Western blot analysis

Cellular lysates were prepared by suspending 5 × 105 cells
in lysis buffer containing 25 mM HEPES (pH 7.5), 0.3 M NaCl,
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Fig. 2. Apoptotic effects of TT extract in liver cancer cells. (A) Flow cytometric analysis exhibited that TT extract induced apoptosis of HepG2 cells. (B) Relative proportion of
annexin V+ apoptotic cells was increased by TT treatment. (C) The elevated G0/G1 arrest in cell cycle by TT was assessed by flow cytometry. Data represent the mean ± SD of
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hree independent experiments. (D) The levels of DNA fragmentation of HepG2 cell
xhibiting DNA condensation was quantified by comparing the number of cells stai
hows DNA condensation in TT-treated HepG2.

.5 mM MgCl2, 0.2 mM EDTA, 0.05% Triton X-100, 20 mM �-
lycerophosphate, 1 mM orthovanadate, 0.5 mM dithiothreitol,
nd 20 �M leupeptin. Protein concentrations of cell lysates were
etermined by Bradford’s assay. Proteins were separated on 15%
DS-polyacrylamide gels and electrotransferred to Immobilon-
membranes (Millipore). After blocking with Tris-buffer saline

TBS) containing 0.05% Tween 20 and 5% nonfat powdered milk,
he membranes were incubated with specific primary antibodies
gainst I�B�, p65, p50, and �-actin at 4 ◦C for 12 h. After three
ashes with TBS for 10 min each, the membranes were incu-
ated with horseradish peroxidase-labeled secondary antibody for
h. The membranes were washed and detection was carried out
ith an ECL Western blotting kit according to the manufacturer’s

nstructions.
increased by TT treatment in a time-dependent manner. (E) The percentage of cells
y Hoechst 33258 dye with the number of total cells. (F) Representative micrograph

2.11. Determination of I�B˛ degradation

HepG2 cells were treated with 500 mg/L of TT extract for 4 h and
then cycloheximide (3 �g/ml) was added to inhibit new protein
synthesis. Cell were harvested at the indicated times and degrada-
tion of I�B� was assessed. Equal amounts of cell lysates (40 �g/ml)
were subjected to electrophoresis and analyzed by Western blot-
ting with anti-I�B� antibody.

2.12. Determination of IKK activity
To determine the effect of TT extract on the phosphoryla-
tion activity of IKK, HepG2 cells were treated with 500 mg/L of
TT extract for 4 h and then TNF-� for 2 min. Cell lysates were
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Fig. 3. Suppression of NF-�B activity by TT extract. (A) Luciferase assay demon-
strated that NF-�B activities were repressed by TT extract in a dose-dependent
H.J. Kim et al. / Journal of Ethno

repared and analyzed by Western blotting with anti-phospho-
�B�, anti-phospho-IKK�, anti-IKK�, and anti-�-actin antibodies.

.13. Statistical analysis

Data were expressed as mean ± SD. Statistical comparisons of
he results were made using one-way analysis of variance (ANOVA).
ifferences between the means of control and TT-treated cells were
xamined using the Bonferroni t-test when the F value was signif-
cant. A P value <0.05 was considered significant.

. Results

.1. Inhibition of clonogenicity and proliferation by TT extract in
uman liver cancer HepG2 cells

We first determined the effects of TT extract on clone formation,
lso referred to as clonogenicity, in HepG2 cells. Clonogenicity was
etermined by plating a fixed number of HepG2 cells onto multiple-
ell tissue culture dishes. Cells were treated with TT extract and
aintained in culture for 9 days to allow formation of colonies.

he size and number of colonies were visually inspected by fixing
nd staining with 0.1% crystal violet. Fig. 1A shows that the clono-
enicity of HepG2 cells was significantly reduced by TT extract.
lso, as shown in Fig. 1B, TT extract inhibited the proliferation of
epG2 cells. When the normal Chang liver cells were treated with
00 mg/L and 500 mg/L of TT extract for 9 days, TT extract had no
ffect on cell proliferation. However, TT extract inhibited cell pro-
iferation in human liver cancer HepG2 cells in an incubation time-
nd concentration-dependent manner. The cytopathic effect of TT
xtract was observed in HepG2 cells but not in Chang cells that
ere treated with TT extract for 9 days (Fig. 1C).

.2. TT-induced apoptosis in HepG2 cells

To explore the underlying basis for the cytotoxic effect of TT
xtract in liver cancer cells, the levels of apoptotic cell death
nduced by TT extract were analyzed in HepG2 cells. HepG2 cells

ere treated with 500 mg/L of TT extract for 72 h, stained with
nnexin V-FITC and PI, and subsequently analyzed by flow cytom-
try. The dual parameter fluorescent dot plots show the viable cell
opulation in the lower left quadrant (annexin V−/PI−). The cells in
arly apoptosis are in the lower right quadrant (annexin V+/PI−)
nd the ones in late apoptosis are in the upper right quadrant
annexin V+/PI+). As shown in Fig. 2A and B, in untreated cells, 3.52%
f cells were annexin V+/PI−, whereas 2.67% of cells were annexin
+/PI+. After treatment with TT extract for 72 h, the corresponding
uantities of HepG2 cells changed to 28.44% and 20.29%, respec-
ively, suggesting that TT extract dramatically induced apoptosis
f HepG2 cells. In cell cycle analysis, the hypodiploid popula-
ion of HepG2 cells was also increased after treatment with TT
xtract for 72 h. HepG2 cells were treated with 500 mg/L of TT
xtract for 72 h and the cell cycle distribution was analyzed by flow
ytometry. We observed increased accumulation of cells in G0/G1
hase (60.23–76.08%) and decreased fractions of cells in S phase
15.33–5.1%) (P < 0.05) (Fig. 2C). Taken together, these data indi-
ate that TT extract induced the apoptotic death of HepG2 cells by
ell cycle arrest at G0/G1 phase, correspondingly reducing the cell
opulation in S phase. Also, DNA fragmentation assays and Hoechst
taining analyses confirmed that TT extract induced apoptosis in
epG2 cells (Fig. 2D–F).
.3. Suppression of NF-�B activity by TT extract

TT extract inhibited clonogenicity and proliferation and induced
poptosis in HepG2 cells (Figs. 1 and 2). Since NF-�B has been impli-
manner. Data represent the mean ± SD of three independent experiments. (B) West-
ern blot analysis showed that the levels of p50 were decreased but the levels of I�B�
were increased in TT-treated HepG2 cells.

cated in clonogenicity, cell survival, and proliferation (Hsieh et al.,
2005; Kukreja et al., 2006), we examined the effect of TT extract
on NF-�B activation. To determine whether TT extract regulates
NF-�B-dependent gene transcription, we transiently transfected
HepG2 cells with NF-�B-responsive luciferase reporter plasmid
(pNF-�BLuc) and then treated the cells with TT extract. We found
that TT extract inhibited NF-�B-responsive luciferase expression
in a dose-dependent manner (Fig. 3A). We also examined whether
TT extract affected the levels of NF-�B/I�B� subunits. We found
that TT extract decreased the level of the p50 subunit of NF-�B
and increased the level of I�B� in Western blot analysis (Fig. 3B).
Our data demonstrate that TT extract inhibits NF-�B activity by
regulating the levels of NF-�B/I�B� subunits.

3.4. Inhibition of I�B˛ degradation and phosphorylation by TT
extract

Since TT extract increased the level of I�B�, we assessed
whether the suppression of NF-�B activity by TT extract was asso-
ciated with the inhibition of I�B� degradation. HepG2 cells were
treated with TT extract for 4 h and then exposed to cycloheximide
for different times to block new protein synthesis. We examined
the degradation of I�B� in the cells by Western blot analysis with
an antibody against I�B�. In the presence of cycloheximide, the
degradation of I�B� was significant in untreated HepG2 cells but
not in TT extract-treated cells, suggesting that TT extract inhib-
ited the degradation of I�B� (Fig. 4A). We next examined whether
TT extract affected the phosphorylation of I�B�, which is required

for its degradation. HepG2 cells were treated with TT extract and
then TNF� to induce I�B� phosphorylation. Western blot analy-
sis using antibody against the serine-phosphorylated form of I�B�
showed that TT extract suppressed I�B� phosphorylation in a
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Fig. 4. Inhibition of I�B� degradation and phosphorylation by TT extract. (A) West-
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Fig. 6. Suppression of NF-�B-regulated gene transcription by TT extract. (A) RT-PCR
rn blot analysis revealed that TT extract enhanced the stability of I�B� in HepG2
ells treated with cycloheximide. (B) TNF-induced phosphorylation of I�B� was
epressed dose-dependently by TT extract in HepG2 cells.

ose-dependent manner (Fig. 4B). Thus, TT extract inhibited the
hosphorylation and degradation of I�B� to increase the stability
f I�B� and repress NF-�B activity.

.5. Inhibition of I�B˛ kinase activity by TT extract

I�B� kinase (IKK) catalyzes the phosphorylation of I�B�, which
eads to the degradation of I�B�. IKK consists of three subunits IKK-
, IKK-�, and IKK-� (Karin, 2008). Previous studies have indicated

hat IKK-� is essential for NF-�B activation by most agents (Li et al.,
999). Since TT extract inhibits the phosphorylation and degrada-
ion of I�B�, we tested the effect of TT extract on IKK-� activity
hich is required for phosphorylation of I�B�. As shown in Fig. 5

upper panel), TT extract inhibited the activity of IKK-� in a dose-
ependent manner, but it had no effect on the expression of IKK-�
rotein (middle panel).

.6. Inhibition of NF-�B-regulated gene expression by TT extract

Since TT extract induced G0/G1 arrest and apoptosis of HepG2
ells, we further analyzed the expression levels of genes associated
ith G0/G1 arrest and apoptosis in TT-treated HepG2 cells. Previous

tudies have reported that G0/G1 phase of the cell cycle is con-
rolled by cyclin-dependent kinases (cdks), cyclin kinase inhibitors,
nd cyclins. In HepG2 cells, treatment with TT extract resulted in a

emarkable decrease in the transcription of genes, such as cyclin D
ene, cyclin E gene and cdk2 gene, as assessed by RT PCR analysis
Fig. 6A). The transcriptions of these genes are regulated by NF-
B (Joyce et al., 2001; Aggarwal, 2004; Feng et al., 2004; Okudaira

ig. 5. Inhibition of IKK activity by TT extract. The levels of IKK and phospho-IKK
ere analyzed in HepG2 cells by Western blot assay. IKK phosphorylation induced

y TNF-� was inhibited by TT extract, while the level of IKK was not changed.
showed that TT extract repressed the transcription of cell cycle regulatory genes
including cyclin D, cyclin E, and cdk2. (B) TT extract repressed the mRNA levels of
genes associated with anti-apoptosis and tumor invasiveness.

et al., 2007). However, the transcription of cdk4 and p21 was not
altered in TT-treated cells. In addition, the transcription of genes
associated with tumor cell survival and invasion, including Bcl-2,
Bcl-xL, MMP-2, and MMP-9, was decreased by TT extract in a dose-
dependent manner, while the transcription of the pro-apoptotic
Bax gene was not altered in HepG2 cells treated with TT extract
(Fig. 6B).

4. Discussion

The present study showed that TT extract exerts a strong growth
inhibitory activity against human liver cancer HepG2 cells. Mor-
phological observations showed that TT-treated cells were clearly
discerned by their rounded shapes compared to the polygonal
shapes of untreated cells, suggesting possible growth-arresting
and apoptosis-inducing effects of TT extract. Actually, apoptosis
and G0/G1 cell cycle arrest were induced by TT extract in HepG2
cells. The regulation and degradation of cyclin E/cdk2 and cyclin
D/cdk4 complexes ensure the tight regulation of the timing of S1
phase entry. RT-PCR analysis showed that the expression of cyclin
D, cyclin E, and cdk2 was significantly decreased by TT extract,
suggesting that TT extract arrests the cells in G0/G1 phase by pre-
venting them from entering S phase.

We demonstrated that TT extract potently inhibited NF-�B
activity in liver cancer HepG2 cells. TT extract suppressed I�B�
phosphorylation by blocking the activation of IKK, which subse-
quently inhibited the degradation of I�B�. Also, TT extract inhibited
the expression of NF-�B subunit p50 in a dose-dependent manner.

These suggest that TT extract regulates NF-�B activity by decreasing
the level of p50 and causing the accumulation of I�B�, In human,
the Bcl-2 family has been identified and classified as anti-apoptotic
proteins, such as Bcl-2 and Bcl-xL, and pro-apoptotic proteins,
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uch as Bax and Bad (Adams and Cory, 2001). The balance of the
xpressed levels of pro-apoptotic and anti-apoptotic proteins is
ritical for cell survival or death. In HepG2 cells, TT extract induced
poptosis by changing the Bax/Bcl-2 ratio. Also, TT extract is highly
ffective in inhibiting the expression of MMP-2 and MMP-9 which
re related to tumor invasion and metastasis (Egeblad and Werb,
002). It is possible that TT may block the invasion of liver cancer
ells by suppressing the expression of MMP genes.

In our experiments, TT extract inhibited the NF-�B-regulated
xpression of genes involved in cell proliferation, anti-apoptosis,
nd invasion. These data suggest that TT extract most likely
nduces apoptotic effects by suppressing NF-�B activity and NF-�B-
egulated transcription of genes involved in cell survival. However,
ther possible mechanisms of TT extract on liver cancer cell death
annot be ruled out. Collectively, our study shows experimental
vidence that TT has clinical therapeutic effects against liver can-
er cells and suggests great potential for TT to be developed into a
ew medicine for liver cancer patients.
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