This article was downloaded by:

On: 22 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

RO | Journal of Asian Natural Products Research
Publication details, including instructions for authors and subscription information:
J“”[””' Eﬁ http://www.informaworld.com/smpp/title~content=t713454007
Asian Natural
Products
Research Inhibitory effect of anti-hepatitis drug bicyclol on invasion of human
i /5;? hepatocellular carcinoma MHCC97-H cells with high metastasis potential
J % and its relative mechanisms
v Hua Sun?® Geng-Tao Liu*
AL - 2 Department of Pharmacology, Institute of Materia Medica, Peking Union Medical College and
R, KT S\ Chinese Academy of Medical Sciences, Beijing, China

ALY Te
© e, - s
= by g - ‘_*"r =

To cite this Article Sun, Hua and Liu, Geng-Tao(2009) 'Inhibitory effect of anti-hepatitis drug bicyclol on invasion of
human hepatocellular carcinoma MHCC97-H cells with high metastasis potential and its relative mechanisms’, Journal
of Asian Natural Products Research, 11: 6, 576 — 583

To link to this Article: DOI: 10.1080/10286020902942368
URL: http://dx.doi.org/10.1080/10286020902942368

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornmul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713454007
http://dx.doi.org/10.1080/10286020902942368
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18:40 22 January 2011

Downl oaded At:

Journal of Asian Natural Products Research
Vol. 11, No. 6, June 2009, 576-583

Taylor & Francis
Taylor & Francis Group

Inhibitory effect of anti-hepatitis drug bicyclol on invasion of human
hepatocellular carcinoma MHCC97-H cells with high metastasis

potential and its relative mechanisms
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Chinese Academy of Medical Sciences, Beijing 100050, China
(Received 9 January 2009; final version received 2 April 2009)

To assess the anti-invasion effect of bicyclol (1) and its mechanism in human
hepatocellular carcinoma (HCC) MHCC97-H cells with high metastatic potential.
MTT assay was performed to evaluate the cytotoxicity of 1 to MHCC97-H cells and its
inhibitory effect on the adhesion of these cells to laminin (LN) and fibronectin (FN).
The anti-invasion effect of 1 was detected in an experiment using a transwell chamber.
Transcription of vascular endothelial growth factor (VEGF), nm23-H1, and urokinase-
type plasminogen activator receptor (WPAR) mRNAs was determined by an RT-PCR
assay. The secretion and expression of a-fetoprotein (AFP) were analyzed by ELISA
and flow cytometry, respectively. At concentrations of 10, 50, and 100 pmol/l, 1
obviously inhibited the adhesion of the MHCC97-H cells to LN and FN. The rates of
inhibition of MHCC97-H cell invasion by 50 and 100 pwmol/l for 1 were 37.3 and
50.2%, respectively. Drug 1 also decreased the expressions of VEGF, nm23-H1, and
uPAR mRNA and the secretion of AFP in MHCC97-H cells. At low cytotoxic
concentrations, the anti-hepatitis drug 1 demonstrated a significant anti-invasive effect
in human HCC MHCC97-H cells with high metastatic potential. The inhibition of the
expressions of VEGF, nm23-H1, and uPAR should contribute, at least in part, to the
anti-invasion property of 1.

Keywords: bicyclol; human hepatocellular carcinoma; MHCC97-H cell; invasion;

metastasis

1. Introduction

Hepatocellular carcinoma (HCC) is one of
the most common malignant tumors that
develops rapidly and is associated with a
high mortality rate [1]. The main causes
for poor prognosis of HCC and high
mortality rates associated with it are its
invasiveness and metastasis. An effective
method of blocking the advancement of
HCC and reducing mortality is to inhibit
its invasion and metastasis.

Bicyclol(4,4'-dimethoxy-2,3,2',3'-di-
methylene-dioxy-6-hydroxymethyl-6'-car-
bonyl-biphenyl, 1) is a novel anti-hepatitis
drug developed by Chinese scientists
(Figure 1) [2]. Clinical trials revealed
that 1 is effective in improving abnormal
liver function and inhibiting the replica-
tion of hepatitis B virus in chronic hepatitis
B patients [3]. Pharmacologically, 1 has
an anti-fibrotic effect on CCl,-induced
liver fibrosis and inhibitory effect on
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Figure 1. The chemical structure of bicyclol.

hepatotoxin-induced liver injury in mice
and rats; it also has an anti-virus action in
duck viral hepatitis and the 2.2.15 cell line
[2,4,5]. Furthermore, it was found that 1
induced the differentiation of human
hepatocarcinoma HepG2 cells and reduced
AFBI1 hepatotoxicity by increasing the
detoxifying metabolism of AFBI in rat
liver [6].

In the present study, we found that 1
has a significant anti-carcinogenic effect in
a model of two-stage chemical oncogen-
esis induced by 3-methylcholanthrene and
12-O-tetradecanoyl phorbol 13-acetate
tissue plasmogen activator in rat liver
epithelial cells (WB-F344 cells) in vitro
[7]. The results revealed that 1 has a
potential chemopreventive effect on hepa-
tocarcinogenesis. It is known that chronic
viral hepatitis and HCC are closely
associated. About 90% of the human
HCCs are associated with hepatitis virus
infection [8]. At present, the therapy for
chronic viral hepatitis generally has a long
course. An anti-hepatitis drug that inhibits
or suppresses the effects of hepatocarci-
nogenesis and the invasion of HCC besides
improving abnormal liver function would
be of great clinical value. This paper
reports the inhibitory effect of bicyclol on
the invasion of human HCC MHCC97-H
cells with high metastatic potential and the
mechanism underlying it.

2. Results and discussion

2.1 Cytotoxicity of bicyclol to
MHCC97-H cells

After 96h of incubation, the ICsy of
bicyclol for MHCC97 cells was
192.8 = 26.1 pmol/l. Bicyclol had a little
cytotoxicity to the MHCC97-H cells. The
experiments were performed five times,
and the same results were obtained.

2.2 Anti-adhesion effect of bicyclol

The inhibitory effect of bicyclol on the
adhesion of MHCC97-H cells to fibronec-
tin (FN) and laminin (LN) is shown in
Figure 2. At the concentrations of 10, 50,
and 100 pmol/l, bicyclol markedly inhib-
ited the adhesion of MHCC97-H to FN and
LN. The rates of inhibition of adhesion to
FN and LN by 50 and 100 pmol/l bicyclol
were 24.6 and 39.1% and 23.5 and 25.7%,
respectively.

2.3 Anti-invasion effect of bicyclol

The number of MHCC97-H cells in the
control group was 26.3 = 7.6 per visual
field, and those in the groups treated with
10, 50, and 100 wmol/l bicyclol were
23,5+ 6.0, 16.5 5.8, and 13.1 =42
per visual field, respectively. The cells
treated with bicyclol showed significantly
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Figure 2. Inhibitory effect of bicyclol on the
adhesion of human HCC MHCC97-H cells to
FN and LN. #xP < 0.01, #+xP < 0.001, versus
the control group.
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Figure 3. Inhibitory effect of bicyclol on the expression of VEGF, nm23-H1, and uPAR mRNA in
MHCC97-H cells as detected by RT-PCR. A, Control; B, 50 uM bicyclol; C, 100 uM bicyclol.

#*P < 0.05, versus the control group.

lower invasive capacity than the control
cells (P < 0.05), and the inhibitory effect
was concentration dependent.

2.4 Inhibitory effect of bicyclol on
vascular endothelial growth factor
(VEGF), nm23-H1, and urokinase-type
plasminogen activator receptor (uPAR)
mRNA expressions

As shown in Figure 3, the expression of
VEGF, nm23-H1, and uPAR mRNA in the
MHCC97-H cells was apparent. When the
cells were pretreated with 50 and
100 pmol/l bicyclol, respectively, for
24 h, the expression of VEGF, nm23-HI,
and uPAR mRNA decreased markedly.
Bicyclol at 100 wmol/l demonstrated
a higher inhibitory effect on VEGF,

nm23-H1, and uPAR mRNA than bicyclol
at 50 wmol/l.

2.5 Inhibitory effect of bicyclol on the
secretion and expression of a-fetoprotein
(AFP)

The secretion of AFP by MHCC97-H cells
exposed to 10, 50, 100, and 200 pwmol/l
bicyclol is shown in Table 1. At the
concentrations of 10, 50, 100, and
200 wmol/l, bicyclol inhibited the
secretion of AFP at the rate of 42.7, 53.1,
64.8, and 94.8%, respectively, in a dose-
dependent fashion. The results of flow
cytometry showed a high level of AFP
expression in MHCC97-H cells. When the
cells were exposed to 50 and 100 wmol/l of

Table 1. The inhibitory effect of bicyclol on the secretion of AFP in MHCC97-H cells with high

metastatic potential.

Group Bicyclol concentration (pmol/l) AFP (pg/l) Inhibitory rate (%)
Control - 8.66 £ 2.70
Bicyclol 10 4.96 = 1.00 42.7
50 4.07 £1.93 53.1
100 3.05 = 2.67 64.8
200 0.45 £ 1.16%:x 94.7

Data are means = SD values (n = 4). **P < 0.01, versus the control group.
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bicyclol for 24 h, the AFP expression was
inhibited significantly (Figure 4).

2.6 Discussion

The MHCC97-H cell is a human HCC cell
line with high metastatic potential that is
established through cloning and in vivo
selection. This cell line shows typical
epithelial appearance and malignant bio-
logical behaviors similar to those seen
during clinical metastasis [11]. These cells
have been approved for clinical and
experimental studies on the mechanism
of metastasis, screening for new predictor
of metastasis, and the development of
novel preventive and therapeutic
strategies.

Tumor invasion and metastasis is a
very complicated multiple-step process,
and it is one of the greatest obstacles in
clinical treatment. The transition from in
situ tumor growth to metastatic advanced
disease involves the ability of the tumor
cells to invade the local tissue and to cross
tissue barriers. To initiate this process,
carcinoma cells must penetrate the

Single Parameter

epithelial basement membrane. The
adhesion of tumor cells to components of
the extracellular matrix (ECM), such as
FN, LN, and matrigel, is crucial for
metastasis. This study showed that bicy-
clol (1) could inhibit the adhesive activity
of MHCC97-H cells to FN and LN. In the
assay performed using a transwell cell
chamber assay, 1 also showed a strong
anti-invasion effect on MHCC97-H cells,
which was expressed in terms of reduction
in the number of tumor cells invading
through the matrigel and reaching to the
reverse side of filters.

It is well known that tumor metastasis
is a fairly complicated procedure involving
changes in many oncogenes and tumor
suppressor genes. Non-metastatic gene 23
(nm23) is a tumor suppressor gene that was
first identified by differential hybridization
of a cDNA library with total RNA
extracted from metastatic melanoma cell
lines [12]. Further studies demonstrated
that the nm23 gene has multiple effects,
and the significance of its expression in
human tumors is organ-specific. In some
tumors, the main role of the gene is

a.1 1

188 1688

Fluorescence intensity

Figure 4. Effect of bicyclol on AFP expression in MHCC97-H cells, as detected by flow cytometry.
(a) Control group; (b) 50 uM bicyclol; (¢) 100 uM bicyclol.
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metastasis suppression, while in others, it
may induce cell differentiation and propa-
gation. Wei et al. [13] reported that the rate
of expression of the nm23-HI gene was
higher in stomach cancer cells with
infiltrative growth and metastasis to
lymph nodes than in those with expansive
growth but no metastasis to lymph nodes.
Further, the expression-positive rate of the
nm23-HI gene was higher during the
progression stage of the stomach cancer
than during the early stage. Wei et al.
suggested that the function of nm23-HI
gene might not exhibit a suppressive effect
on metastasis but can affect infiltrative
metastasis of stomach cancer. Lu et al.
[14] indicated that the rate of expression of
the nm23-HI gene in liver cancer cells
with intrahepatic metastasis was 100%,
which was significantly higher than that in
those with no intrahepatic metastasis. Tian
et al. [15] also reported that in the
MHCC97 cell line, the nm23-HI gene
exhibited positive expression, indicating
that it might be related with cell propa-
gation. The reason for the different levels
of expression of the nm23-HI in various
tumor cells is still not known. The results
of this study showed that at lower
cytotoxic concentrations, 1 could reduce
the expression level of the nm23-HI gene
in the MHCC97-H cells, suggesting that 1
may inhibit MHCC97-H cell metastasis by
mediating the down-regulation of the
nm23-HI gene. It is necessary to further
explore the action of the nm23-HI gene in
the MHCC97-H cells and the mechanism
of inhibition of nm23-HI gene expression
by 1.

Tumor angiogenesis plays a significant
role in multiple processes at various stages
of tumor metastasis. Blocking tumor
angiogenesis may prevent the original
tumor from invading into the vascular
system and thus stop tumor metastasis as
well as inhibit propagation and advance-
ment of tumor loci which has formed the
minor metastasis. VEGF is the most active
and most specific soluble factor promoting

angiogenesis. HCC belongs to the group of
typical tumors that are rich in blood
vessels and whose growth, invasion, and
metastasis are closely associated with
VEGF. Our studies demonstrated that the
VEGF gene was positively expressed in
the human HCC cell line MHCC97-H.
This finding is consistent with that
reported by Yao et al. [16]. 1 was shown
to reduce the expression of VEGF mRNA,
suggesting that it may have the potential to
inhibit tumor angiogenesis.

Apart from angiogenesis, ECM degra-
dation is also a critical factor in the
growth, invasion, and metastasis of malig-
nant tumors. It is known that uPA is a
metastasis-related factor that initiates the
fibrinolytic system to increase degradation
of stroma around the tumor cells; it also
plays an important role in tumor angiogen-
esis [17]. It is well known that uPA must
bind to its receptor uPAR. In this study, we
detected uPAR expression in the
MHCC97-H cells by performing RT-
PCR. The results showed that the
expression of uPAR mRNA was positive
in the MHCC97-H cells, and 1 may
decrease its expression.

AFP is one of the most important
serum tumor markers used for diagnosing
HCC in clinics [18]. In the present study,
we found that 1 can also decrease the
expression and secretion of AFP.

In summary, 1 at low cytotoxic con-
centrations showed significant anti-inva-
sion effect in the human HCC cell line
MHCC97-H. The mechanism underlying
its action is mainly related to the decrease
in the expression of VEGF, uPAR, and
nm23-H1 mRNAs. Moreover, 1 exhibited
a significant inhibitory effect on the
malignant transformation of WB-F344 rat
liver epithelial cells that is induced by
chemical carcinogens [7]. Taken together,
the results indicate that 1 has potential in
preventing hepatocarcinogenesis and inhi-
biting the HCC invasion. It may be
especially effective in preventing relapse
of HCC following early-stage operation or
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intervention therapy. Drug 1 is a novel,
effective, and safe anti-hepatitis drug. It is
very important to further explore the
effects and the mechanisms of 1 on
hepatocarcinogenesis and the invasion of
HCC and the mechanisms underlying
them.

3. Materials and methods
3.1 Cell lines and bicyclol

The human HCC cell line MHCC97-H,
which has a high metastatic potential, was
purchased from the Liver Cancer Institute
of Fudan University, Shanghai, China. The
cells were grown in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented
with 10% fetal calf serum, 100 penicillin,
and 100 pg/ml streptomycin at 37°C in a
humidified atmosphere of 5% CO, +95%
air, and passed using 0.25% trypsin
containing 0.02% EDTA.

Bicyclol (1), a white crystalline solid,
of 99% purity was provided by Peking
Union Pharmaceutical Factory (Beijing,
China). It was dissolved in dimethyl
sulfoxide (DMSO) and diluted at least
1000-fold with a culture medium for in
vitro experiments.

3.2 Reagents

DMEM was purchased from Gibco BRL
(Carlsbad, CA, USA); LN and FN were
from Peking University Health Science
Center (Beijing, China); ethidium bromide

(EB) and matrigel were from Sigma
Chemical Co. (Spruce, NC, USA); Trizol
reagent kit was from Gibco BRL; RT-PCR
reagent box was from Promega (Madison,
WI, USA); monoclonal mouse anti-human
AFP was from Zymed Laboratories, Inc.
(South San Francisco, CA, USA); and AFP
ELISA kits were from Shanghai Senxiong
Biotech Industry Co., Ltd (Shanghai,
China). PCR primers were synthesized by
Shanghai Sangon Biological Engineering
Technology & Services Co., Ltd (Shang-
hai, China). The primer sequences are
shown in Table 2.

3.3 MTT assay

The cytotoxicity of 1 was determined by
performing an MTT assay according to the
method of Mosmann [9]. MHCC97-H
cells (3 x 10 cells per well) were plated
on 96-well plates and bicyclol was added
at various concentrations (1, 5, 10, 50, 100,
200, and 300 wmol/l) 24 h later. The cells
were cultured at 37°C in a CO, incubator
for 72h. The culture supernatant was
sucked out and 0.5mg/ml MTT stock
solution was added to each well. After 4h
of incubation, 150 .l of DMSO was added.
The mixture in the plates was mixed gently
until the blue sedimentation was comple-
tely dissolved. The optical density of each
well was determined using a microplate
reader at a wavelength of 570nm. The
concentrations required to inhibit growth
by 50% (ICso values) were calculated

Table 2. Primers for VEGF, nm23-H1, (3-actin, and uPAR and the size of amplified fragments.

Gene Primer Size (bp)

VEGF 5'-TTGCTTGCTCTACCTCCAC-3’ 490
5'-AATGCTTTCTCCGCTCTG-3'

nm23-H1 5'-GCAGCCCGGAGTTCAAACCTAA-3/ 685
5'-GCTGGGAGGAAGCATTTTAATC-3'

uPAR 5'-GCTTAGAGAAGACGTGCAGGGA-3' 454
5'"TTCACCTTCCTGGATCCAGT-3'

B-Actin 5'"TGGAGGGGCCGGACTCGTCA-3' 315

5-CTTCCTTCCTGGGCATGGAG-3'

VEGF, vascular endothelial growth factor and uPAR, urokinase-type plasminogen activator receptor.
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using TWODRUGS program based on a
median effect equation.

3.4 Adhesion assay

An adhesion assay was performed accord-
ing to a previously described method [10].
Briefly, FN or LN (2.0 ng) was applied
on 96-well plates, and dried at room
temperature. The plate was coated with
20 wl DMEM containing 2% bovine serum
albumin (BSA) at 37°C for 1h and then
rinsed with phosphate-buffered saline
(PBS; three times). We added 8 X 10*
MHCC97-H cells pre-treated with 10, 50,
and 100 pmol/l bicyclol for 24h to each
well and incubated the plate for 1 h. PBS
was then used to rinse the non-adhering
cells. MTT (0.5 mg/ml) was added to each
well and the plate was incubated for 4 h.
The absorbance value was then measured
at 570 nm on a microplate reader.

3.5 Invasion assay

The invasive activity of tumor cells was
determined using a transwell chamber.
Briefly, polyvinyl pyrrolidone-free poly-
carbonate filters with a pore size of 8.0 wm
were pre-coated on the outer side with
5 wg/10 pl FN and dried at room tempera-
ture. Matrigel diluted to 500 pg/ml with
cold PBS and 10l of the solution was
applied to the inner side of the filter and
dried at room temperature. MHCC97-H
cells at log phase were harvested and
resuspended to a final concentration of
1 X 10%ml in DMEM containing 0.1%
BSA. The cell suspension (100 wl) was
added to the upper compartment, and 10,
50, and 100 pmol/l bicyclol were also
added simultaneously. The filter chamber
was incubated for 24h at 37°C in a
humidified 5% CO, atmosphere. The
filters were fixed with methanol for 1 min
and then stained with hematoxylin for
3min and eosin for 30s. The cells on the
upper side of the filter were removed by
wiping the surface with a cotton swab.

The number of cells that had invaded
through the matrigel and reached the
reverse side was counted under a micro-
scope in five fields at a magnification of
X 200. Each assay was performed in
triplicate.

3.6 RT-PCR analysis

The MHCC97-H cells were pre-treated
with 50 or 100 wmol/l bicyclol and DMSO
for 24h. Total RNA was isolated using
TRIzol and RT-PCR was performed using
an Access RT-PCR Introductory System
(Promega) as described in the manufac-
turer’s manual. The reaction mixture
(50 wl) contained 1-2 g of total RNA,
0.1U/nl AMV reverse transcriptase,
0.1 U/pl Tl DNA polymerase, 0.2 mM of
each dNTP, 1 mM MgSOQO,, and 1 pM of
each primer. First-strand cDNA synthesis
completed after 45 min at 48°C and then
PCR was processed. The reaction con-
ditions were as follows: nm23-H1, dena-
turation at 94°C for 1min, annealing at
59°C for 1 min, and extension at 72°C for
1 min; VEGF, denaturation at 94°C for
1 min, annealing at 55°C for 1min, and
extension at 72°C for 90s; uPAR, dena-
turation at 94°C for 1min, annealing at
57°C for 1 min, and extension at 72°C for
90s; PB-actin, denaturation at 94°C for
1 min, annealing at 60°C for 1min, and
extension at 72°C for 1min. All cycles
were performed 30 times. The PCR-
amplified products were analyzed on 2%
agarose gels in Tris/borate/EDTA buffer
and visualized by staining with EB. The
band absorbency of the aim mRNA and
B-actin was quantitatively analyzed
through the gel imaging instrument, and
the ratio of them was regarded as the half-
quantified number.

3.7 ELISA

MHCC97-H cells (1 X 10° cells per well)
were plated on 24-well plates. The primary
medium containing serum was sucked out
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24h later, and fresh medium without
serum was added. The cells were incu-
bated for 1h at 37°C in a humidified 5%
CO, atmosphere, and the medium was
sucked out again. The medium without
serum (400 wl) and 10, 50, 100, and
200 pmol/l bicyclol were simultaneously
added to each well. After 24h of
incubation, the culture supernatant was
collected and centrifuged at 2000g for
5Smin. ELISA was performed using 100 .l
of the supernatant according to the manu-
facturer’s manual for the AFP ELISA kit.

3.8 Flow cytometry analysis

MHCC97-H cells were treated with 50 or
100 wmol/1 bicyclol, or DMSO for 24 h
and collected for the detection of AFP
expression by flow cytometry. The cells
were washed once with ice-cold PBS and
then fixed with 4% paraformaldehyde
(Iml) for 40min at room temperature.
The fixed cells were washed once and
resuspended with PBS containing 0.2%
Triton X-100 and 5% serum. Monoclonal
mouse anti-human AFP antibody (dilution,
1:50) or PBS was added to the cell
suspensions. The cells were stored at 4°C
for 40 min, washed with PBS, and FITC-
labeled anti-mouse antibody (dilution,
1:100) was added. The cells were then
allowed to stand for an additional 40 min at
4°C in the dark and filtered using a nylon
net. Ten thousand cells were analyzed by
flow cytometry, and the mean fluorescence
intensity of AFP was calculated.

3.9 Statistical analysis

Data were presented as mean = SD, and
the 7-test was used for inter-group
comparison. A P value less than 0.05 was
considered to be statistically significant.
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