Acta Pharmacologica Sinica (2010) 31: 593-600
© 2010 CPS and SIMM Al rights reserved 1671-4083/10 $32.00

www.nature.com/aps

Original Article

A mutant of hepatitis B virus X protein (HBxA127)
enhances hepatoma cell migration via osteopontin
involving 5-lipoxygenase
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Aim: To explore a novel function of a mutant of the hepatitis B virus X protein (HBxA127) in the promotion of hepatoma cell migration.
Methods: The effect of HBxA127 and wild type HBx on the migration ability of hepatoblastoma HepG2 cells were examined using
wound healing assays in stable transfection systems. The full-length osteopontin(OPN) promoter sequence was cloned into the pGL3-
Basic plasmid. The promoter activities of OPN in stably HBxA127-transfected hepatoblastoma HepG2 (HepG2-XA127) and hepatocel-
lular carcinoma H7402 (H7402-XA127) cells were determined using luciferase reporter gene assays. The mRNA expression levels of
OPN were detected by RT-PCR. And the effect of MK886, a specific inhibitor of 5-lipoxygenase (5-LOX), on OPN promoter activity and
mMRNA expression in HepG2-XA127 and H7402-XA127 cells were examined using luciferase reporter gene assays and RT-PCR, respec-

tively. Finally, the migration ability of HepG2-XA127 was observed after treatment with siRNA targeting OPN mRNA and HBx mRNA

using wound healing assays.

Results: HepG2-XA127 cells exhibited a greater capacity for wound repair compared to HepG2-X cells. The promoter activity and mRNA
expression levels of OPN were also increased in HepG2-XA127 and H7402-XA127 cells. Moreover, MK886 abolished the HBxA127-
mediated upregulation of OPN. Wound healing assays demonstrated that the migration ability of HepG2-XA127 cells can be sup-
pressed by treatment with siRNA targeting OPN mRNA and siRNA targeting HBx mRNA.

Conclusion: HBxA127 strongly promotes hepatoma cell migration via activation of OPN involving 5-LOX.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors in China. Infection by the hepatitis B virus
(HBV) is a major risk factor for development of HCCM. The
HBV genome includes four partially overlapping open read-
ing frames termed the preC/C, P, preS/S, and X genes. Hepa-
titis B virus X protein (HBx) is encoded by the X gene, which
contributes to the development of HCC?. HBx is an impor-
tant regulator that has been shown to have multiple biological
functions, including transcriptional activation of a variety of
viral and cellular promoters, interaction with other proteins,
mediation of cell proliferation, and activation of apoptosist~.
Several studies have reported that HBx promotes invasion
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and metastasis in HBV-associated HCC by inducing matrix
metalloproteinase (MMP) activation and, eventually, inducing
the destruction of the extracellular matrix'*®. Moreover, HBx
facilitates integrin-mediated cell migration and mediates the
adhesion/deadhesion balance of cells at the primary tumor
site”. HBx enhances CD44-mediated HA-interaction efficiency
and modifies the migratory behavior of transformed hepto-
cytes!'. It has been reported that mutations in the HBx gene,
especially the COOH-terminal deletion of HBx, are frequent
events associated with the development of HCC"' ™. In a pre-
vious study, we identified a natural mutant of the HBx gene
with a deletion spanning 382 to 401 base pairs (HBxA127). The
HBxA127 mutant promotes the activities of NF-«xB, survivin,
and human telomerase reverse transcriptase (hTERT) as well
as the expression levels of c-Myc and proliferating cell nuclear
antigen (PCNA) in normal liver cells". Recently, we have
reported that HBxA127 promotes hepatoma cell proliferation
through upregulation of 5-lipoxygenases (5-LOX) and fatty
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acid synthase (FAS)™. The role of HBxA127 in the promotion
of cell migration, however, remains unclear.

Osteopontin (OPN), a secreted phosphoprotein, was origi-
nally characterized in malignant-transformed mammalian
epithelial cells"”. Recent studies have demonstrated that OPN
is associated with tumor metastasis, overexpressed in many
[17, 18]. OPN
regulation in tumor metastasis involves multiple pathways,
including AP-1, Myc, v-Src, Runx/CBF, TGF-B/BMPs/Smad/
Hox, and Wnt/B-catenin/ APC/GSK-33/Tcf-4". Impor-
tantly, OPN is overexpressed in HCC tissues involving HCC
invasion and metastasis™® ?\. Xe H et al reported that OPN
was positive in 39 of 72 (54.17%) HBV-related HCC tissue

[21]

tumor tissues, and correlated to metastatic tissues

samples Due to its ubiquitous expression in many tumor
types, OPN has been used as a biomarker of advanced dis-
ease and is considered a potential therapeutic target for the
regulation of cancer metastasis™ . 5-LOX is one of three key
enzymes associated with the metabolism of arachidonic acid
to biologically active eicosanoids and is often overexpressed in
multiple tumor types. It was also shown that 5-LOX expres-
sion increased in 8 of 8 human colon cancer surgical samples
relative to normal colonic epithelium tissue®. In addition,
our previous study revealed that 5-LOX was involved in the
proliferation and migration of LM-MCF-7, a breast cancer
cell line with high metastatic potential, and hepatoma HepG2
cells™ >,

In the present study, we investigate a novel role for
HBxA127 in the promotion of hepatoma cell migration and
show that HBxA127 can activate OPN through 5-LOX in the
process. Our findings provide new insight into the mecha-
nism by which HBxA127 promotes migration in hepatoma
cells.

Materials and methods

Plasmids, Reagents and siRNAs

The pSilencer3.0-X, pGL3-Basic, and pGL3-Control plas-
mids and the renilla luciferase reporter vector pRL-TK were
described previously*!. The pGL3-OPN plasmid contained
the firefly luciferase reporter and the full-length OPN pro-
moter sequence. MKB886, a specific inhibitor of 5-LOX, was
purchased from Sigma-Aldrich (St Louis, MO, USA). The
small interfering RNA (siRNA) targeting human OPN mRNA
(targeting sequence: 5'-GCCACAAGCAGTCCAGATT-3;
D28759)* and the negative control siRNA were designed and
synthesized by RiboBio (Guangzhou, China).

Cell culture

Human hepatoblastoma HepG2 (ATCC HB 8065), human
hepatocellular carcinoma H7402 (Purchased from People’s
Hospital, Beijing, China), HepG2-P/H7402-P (stably trans-
fected with empty pCMV-Tag2B vector plasmid), HepG2-X/
H7402-X (stably transfected with pCMV-X plasmid), and
HepG2-X A127 /H7402-X A127 (stably transfected with pCMV-
X A127 plasmid) cell lines were used in this study and have
been described previously™”. All above cells lines were
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maintained in Dulbecco’s modified Eagle’s (DMEM) medium
(Gibco, CA, USA) supplemented with heat inactivated 10%
fetal calf serum (FCS), 100 U/mL penicillin, and 100 mg/mL
streptomycin in a humidified atmosphere of 5% CO, and 95%
air at 37 °C.

Wound healing assays

Cells were seeded in 6-well plates and grown to approxi-
mately 90% confluence before wounding with a 200 pL plastic
tip across the monolayer. Debris was removed by washing
three times with PBS, and then the cells were cultured with
fresh medium containing 5% fetal bovine serum. Images were
captured immediately after wounding and at 12, 24, and 36
(or 48) h post wounding™.
culated according to the formula: migration distance=(initial

The migration distance was cal-

wound width - wound width at each time point)/2 (pm)®.
Each experiment was performed in triplicate and repeated
three times. The cells transfected with empty vector or cells
transfected with control siRNA served as negative controls.

Construction of the human OPN promoter

The full-length promoter of the human OPN gene (from -2104
nt to +78 nt, including the first untranslated exon; GenBank
578410) was amplified using PCR primers (Table 1) based on
the published sequence™. Human genomic DNA was used as
a template. The full-length construct was cloned into the Kpnl
and Xhol sites of the firefly luciferase reporter plasmid pGL3-
Basic vector (Promega, Madison, WI, USA).

RNA interference

HepG2-XA127 and H7402-X A127 cells were transfected with
a pSilencer3.0-X vector, respectively, which expressed siRNA
that targeted the HBxA127 mRNA (targeting to 271-290 nt of
HBx mRNA), or the control siRNA™. Duplex siRNA target-
ing the human mRNA of OPN and control siRNA were intro-
duced into HepG2-XA127 and H7402-XA127 cells according to
the manufacturer’s protocol. Each experiment included con-
trols containing the transfection reagent with control siRNA.
Transfected cells were subjected to luciferase reporter gene
assays, RT-PCR and wound healing assays 48 h after transfec-
tion.

Treatment of tumor cells

HepG2-XA127 and H7402-XA127 cells were cultured in serum-
free medium for 12 h. Then the engineered cells were treated
with MKS886 (5, 10, or 20 pmol/L) for 6 h as described previ-
ously™. The treated cells were subjected to luciferase reporter
gene assays and RT-PCR. The examination of cytotoxicity
[15]

mediated by MK886 was described previously

Luciferase reporter gene assays

Cells were seeded in 24-well plates (5x10* cells/well) and
cultured in DMEM medium. The cells were transiently trans-
fected with 0.3 pg of the luciferase reporter plasmids pGL3-
OPN, pGL3-Basic, or pGL3-Control, respectively. The cells
in each well were cotransfected with 50 ng renilla luciferase



reporter vector pRL-TK. Cells were harvested after 48 h and
lysed in 1xpassive lysis buffer. The luciferase activity was
determined using Dual-Luciferase Reporter® Assay System
(Promega, Madison, WI, USA) on a luminometer (TD-20/20,
Sunnyvale CA, USA) according to the manufacturer’s proto-
col. The pGL3-Basic and pGL3-Control plasmid were used
as negative and positive controls, respectively. Luciferase
activity was normalized for transfection efficiency using the
corresponding renilla luciferase activity by cotransfection with
PRL-TK. All experiments were performed at least three times.
The data of the luciferase reporter gene assays were analyzed
by Student’s t test to identify statistically significant differ-
ences.

RNA extraction and RT-PCR

Total cellular RNA was extracted using Trizol reagent (Invit-
rogen, CA, USA) from cells 48 h after treatment. cDNA was
synthesized using the M-MLV RTase cDNA Synthesis Kit
(Takara Bio Inc, Tokyo, Japan) according to the manufacturer’s
protocol. Synthesized cDNA was used as a template for PCR
with Taq polymerase (94 °C for 3 min, 25 cycles at 94 °C for 30
s, 56 °C for 30 s, 72 °C for 30 s, and 72 °C for 10 min). The PCR
products were verified by 1% agarose gel electrophoresis with
ethidium bromide and visualized with UV illumination. The
primers used for PCR are listed in Table 1.

Western blot analysis

The cells were washed three times with ice-cold PBS and
extracted directly in the lysis buffer (62.5 mmol/L Tris-HClI,
pH 6.8, 2% SDS, 5% 2-mercaptoethanol, 10% glycerol). Equal
amounts of protein (30 pg) were separated by 12% SDS-poly-
acrylamide gel electrophoresis (SDS-PAGE) and transferred
onto a PVDF membrane for 90 min. The membrane was
blocked in blocking buffer (PBS, 5% skim milk, 0.1% Tween
20) at room temperature for 2 h. Proteins on the membrane
were hybridized at 4 °C overnight with the following the pri-
mary antibodies against HBx (1:1000 dilution, Abcom, Cam-
bridge, UK) and p-actin (1:1000 dilution, Sigma-Aldrich, St
Louis, MO, USA). The membranes were washed three times
in PBS (0.1% Tween 20) and incubated for 1 h with an HRP-
linked secondary antibody (Amersham Phamacia Biotech, NJ,
USA). The membranes were then washed three times, and the
protein bands were visualized by ECL reagent (Amersham
Phamacia Biotech, NJ, USA).

Table 1. Primers used for PCR amplificatio
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Statistical analysis

All values are presented as means+SEM of at least three sepa-
rate experiments. Data were analyzed by comparing two
groups using Student’s t test. P<0.05 was considered signifi-
cant.

Results

HBxA127 strongly promotes hepatoma cell migration

To investigate the function of HBxA127 in hepatoma cell
migration, we examined HepG2-X and HepG2-XA127 cell
migration ability. The wound healing assays showed that
HepG2-XA127 cells exhibited a greater ability to repair the
wound than did HepG2-X cells at 36 h post wounding (P<0.05,
HepG2-XA127 vs HepG2-X and P<0.01, HepG2-X vs HepG2)
(Figure 1A and 1B), suggesting that HBxA127 strongly pro-
motes hepatoma cell migration relative to wild type HBx.

HBxA127 enhances the promoter activity of OPN in hepatoma
cells

Accordingly, OPN plays a crucial role in HCC invasion and
metastasis. Thus, we hypothesized that OPN may be involved
in HBxA127-mediated cell migration. To investigate the
effect of HBxA127 on the promoter activity of OPN, we gen-
erated the pGL3-OPN plasmid, an OPN promoter luciferase
reporter. The plasmid was constructed by first cloning the
full-length promoter of the human OPN gene and then insert-
ing the cloned promoter into the pGL3-Basic vector accord-
ing to the published effective promoter sequence™ (Figure
2A). Additionally, transient transfection was performed in
HepG2 and H7402 cell models using the pGL3-OPN plasmid.
Luciferase reporter gene assays were used to verify that the
OPN promoter was successfully cloned, with pGL3-Basic and
pGL3-Control representing the negative and positive controls,
respectively (P<0.01, pGL3-OPN vs pGL3-Basic) (Figure 2B
and 2C). We then examined the effect of HBxA127 on the pro-
moter activity of OPN using pGL3-OPN in luciferase reporter
gene assays. Our data showed that the promoter activity of
OPN was enhanced in HepG2-X/HepG2-XA127 and H7402-X/
H7402-XA127 cells (P<0.01, HepG2-X vs HepG2 and HepG2-
XA127 vs HepG2-X) (Figure 3A and 3B). In addition, RNA
interference (RNAI) targeting HBxA127 mRNA mediated by
pSilencer3.0-X (termed pSi-HBx) abolished the enhancement
of the HBxA127-mediated OPN promoter activity in a dose-
dependent manner (P<0.01, pSi-HBx vs control) (Figure 3C

Gene NM Forward (5’ to 3') Reverse (5’ to 3) Product (bp)
HBxA127 AB104894 ATGGCTGCTAGGGTGTGCTG AATCTCCTCCCCCAACTCCTCCC 381
OPN promoter S78410 ATGGTACCTAGCGGGTCATTGTTGGGAA ATCTCGAGTTGGCTGAGAAGGCTGCAA 2182
OPN D28759 CCCTTCCAAGTAAGTCCAA TGATGTCCTCGTCTGTAGC 351
5-LOX NM_000698 CCCGGGGCATGGAGAGCA GCGGTCGGGCAGCGTGTC 415
GAPDH NM_002046 GGTCATCCCTGAGCTGAACG TCCGTTGTCATACCAGGAAAT 298
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Figure 1. HBxA127 strongly promotes hepatoma cell migration. (A)
The migration ability of HepG2-XA127 cells was examined with a wound
healing assay. Images were taken at O, 12, 24 and 36 h with a phase-
contrast microscope (100x). Black arrows indicate the wound edge
closure of monolayer cells. The results shown are representative of
three independent experiments. (B) The average migration distance
of the wound edge in three independent experiments. Compared with
HepG2 cells, HepG2-X cells exhibited a greater ability to repair the wound
(°P<0.01, HepG2-X cells vs HepG2 cells). Compared with HepG2-X cells,
HepG2-XA127 cells exhibited significantly greater ability to repair the
wound (°P<0.05, HepG2-XA127 cells vs HepG2-X cells).

and 3D). These data suggest that HBx A127 strongly enhances
the promoter activity of OPN in hepatoma cells.

HBXA127 increases the mRNA expression of OPN

To further investigate the influence of HBxA127 on OPN in
hepatoma cells, we examined the mRNA level of OPN in
HepG2-X/HepG2-XA127 and H7402-X/H7402-XA127 cells by
RT-PCR. The data showed that the expression of OPN mRNA
was significantly increased in HepG2-X/HepG2-XA127 and
H7402-X/H7402-XA127 cells and that the expression level
was higher in HepG2-XA127 and H7402-XA127 cells than in
HepG2-X and H7402-X cells, respectively (Figure 4A and 4B).
Meanwhile, the RNAI targeting HBxA127 mRNA was able
to attenuate the upregulation of OPN at the mRNA level in a
dose-dependent manner in HepG2-XA127 and H7402-XA127
cells (Figure 4A and 4B). Additionally, we found that
HBxA127 mRNA expression was downregulated by treatment
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Figure 2. Construction of the full-length promoter of the human OPN
gene. (A) The PCR product of the full-length human OPN promoter is
shown using the human genome as a template (B and C). The promoter
activities of OPN were examined using a luciferase reporter gene assay in
HepG2 and H7402 cells via co-transfection with pGL3-OPN plasmid and
internal control vector (renilla luciferase reporter vector pRL-TK) (°P<0.01,
pGL3-OPN vs pGL3-Basic). The results shown are representative of three
independent experiments. The pGL3-Basic and pGL3-Control plasmids
were the negative and positive controls, respectively.

with pSi-HBx in a dose-dependent manner (Figure 4B), sug-
gesting that HBxA127 strongly increases mRNA expression
levels of OPN.

5-LOX is required for HBXxA127 mediated upregulation of OPN

Our previous studies demonstrated that HBxA127 can upregu-
late the expression of 5-LOX"™! and that 5-LOX is overex-
pressed in LM-MCF-7 and MDA-MB-231 cells involved in
breast cancer metastasis™. Therefore, we hypothesized that
5-LOX may be involved in HBxA127-mediated upregulation of
OPN. To test our hypothesis, we examined the effect of 5-LOX
on the promoter activity and mRNA expression of OPN in
HepG2-XA127 and H7402-XA127 cells. After treating the cells
with MK886 (a specific 5-LOX inhibitor) for 6 h, we found that
the enhancement of OPN promoter activity was abolished in
HepG2-XA127 and H7402-XA127 cells in a dose-dependent
manner (P<0.01 vs untreated group) (Figure 5A and 5B).
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Additionally, RT-PCR showed that MK886 attenuated the
increased HBxA127-mediated expression of OPN mRNA in a
dose-dependent manner in HepG2-XA127 and H7402-XA127
cells (Figure 5C). Thus, we conclude that 5-LOX is required
for HBxA127-mediated upregulation of OPN.

OPN is involved in the HBxA127-mediated promotion of
hepatoma cell migration
Next, we investigated the effect of OPN on the migration of
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Figure 3. HBxA127 strongly
enhances the promoter activity of
OPN in hepatoma cells. (A and B)
A luciferase reporter gene assay
showed that the promoter activi-
ties of OPN were significantly
increased in HepG2-XA127 and
H7402-XA127 cells compared
to HepG2-X and H7402-X
cells, respectively (*P<0.01,
HepG2-XA127 vs HepG2-X and
H7402-XA127 vs H7402-X),
c and increased in HepG2-X and

XA127

H7402- H7402-

XA127 XA127+

control
RNAi

' H7402-X cells relative to HepG2
and H7402 cells, respectively
(°P<0.01, HepG2-X vs HepG2
and H7402-X vs H7402). (C and
D) The enhancement of OPN
promoter activity was abolished
by treatment with pSilence3.0-X
(pSi-HBXx) in HepG2-XA127 and
H7402-XA127 cells in a dose-
dependent manner (°P<0.01, vs
untreated group).

0.1ug 0.2pg 03ug
H7402-XA127+pSi-HBx

Figure 4. HBxA127 strongly increases mRNA expression
levels of OPN. (A) The mRNA expression level of OPN
was increased in HepG2-X/HepG2-XA127 and H7402-X/
H7402-XA127 cells compared to HepG2 and H7402 cells,
respectively. The expression was higher in the HepG2-XA127
and H7402-XA127 cells than in the HepaG2-X and H7402-X
cells. GAPDH was the internal control. (B) The upregulation of
HBxA127-mediated OPN mRNA expression was attenuated by
treatment with pSilence3.0-X (pSi-HBx) in a dose-dependent
manner. Meanwhile, the results confirm that the expression
of HBxA127 mRNA is downregulated by pSi-HBx in the
HepaG2-X/HepG2-XA127 cells. GAPDH was the internal
control.

351 bp
381bp

298 bp

HepG2-XA127 cells. The wound healing assays showed that
the migration ability of HepG2-XA127 cells is suppressed by
treatment with siRNA targeting OPN mRNA or pSi-HBx for
48 h (P<0.01, HepG2-XA127 cells treated with OPN siRNA
or pSi-HBx vs control cells) (Figure 6A and 6B), suggesting
that OPN is involved in the HBxA127-mediated promotion of
hepatoma cell migration. The efficiency of OPN modulation
by siRNAs was detected by RT-PCR, demonstrating that 100
nmol/L siRNA targeting OPN mRNA can significantly sup-
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Figure 5. 5-LOX is required for the HBxA127-mediated upregulation of
OPN. (A and B) Luciferase reporter gene assays showed that the promoter
activities of OPN were decreased by treatment with the indicated doses
of MK886 (a specific inhibitor of 5-LOX) for 6 h in HepG2-XA127 and
H7402-XA127 cells (°P<0.01, vs untreated group). (C) RT-PCR showed
that the expression levels of OPN mRNA were decreased by treatment with
indicated doses of MK886 for 6 h in HepG2-XA127 and H7402-XA127
cells. GAPDH was the internal control. The mRNA levels of HBxA127 and
5-LOX were also utilized as controls.

press the expression of OPN mRNA in HepG2-XA127 cells
(Figure 6C). Finally, western blot analysis revealed that 2 ug
pSi-HBx was able to significantly suppress the expression of
HBxA127 in HepG2-XA127 cells (Figure 6D).

Discussion

HCC is one of the most common malignant tumors in Asia
and has a very high mortality rate due to its high incidence
of invasion and metastasis. HBV infection is associated with
the development and metastasis of HCCP"**. Many reports
have shown that COOH-terminal truncated HBx plays a criti-
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Figure 6. OPN is involved in HBxA127-mediated promotion of hepatoma
cell migration. (A) Wound healing assays showed that the migration ability
of HepG2-XA127 cells was suppressed by treatment with siRNA targeting
OPN mRNA or pSi-HBx for 48 h. Images were taken from wound healing
assays at 0, 12, 24, and 48 h in a phase-contrast microscope (100x).
Black arrows indicate the wound edge closure of monolayer cells. The
results shown are representative of three independent experiments. (B)
The average migration distance of the wound edge in three independent
experiments. The greater migration ability of HepG2-XA127 could be
suppressed by knockdown of OPN or HBxA127 in a time-dependent
manner (°P<0.01, vs untreated groups). (C) Efficiency of OPN modulation
by treatment with 100 nmol/L siRNA targeting OPN mRNA was detected
by RT-PCR. (D) The efficiency of HBXxA127 modulation by treatment with
2 pg pSilence3.0-X (termed pSi-HBx) targeting HBxA127 mRNA was
examined by Western blot analysis.

cal role in hepatocarcinogenesis through the regulation of cell
proliferation, apoptosis, viability, and transformation!"" *.
Liu et al reported that HBx30-20 and HBx30-40 mutants pro-
mote cell cycle progression from G,/G; to S phase and may

mechanistically increase invasive potential®). Our laboratory



previously identified a natural mutant of HBx (HBxA127) that
0411 Thus, in this study
we attempted to discover a novel role for HBxA127 in the pro-

strongly promotes cell proliferation

motion of hepatoma cell migration.

Our findings show that HBxA127 has a strong ability to
promote hepatoma HepG2 cell migration relative to wild-type
HBx (Figure 1), suggesting that the natural mutant HBx plays
an important role not only in the promotion of hepatoma
cell proliferation but also in the promotion of hepatoma cell
migration. Some reports have indicated that OPN is involved
in tumor metastasis. OPN has been detected in tumor cells
and the surrounding stroma of numerous human cancers, sug-
gesting a correlation between high levels of OPN expression
and malignant invasion® *!. OPN mediates tumor metastasis
by promoting tumor cell invasion and migration via the extra-
cellular matrix, independent of cellular proliferation and cell-
matrix adhesion. siRNAs targeting OPN mRNA significantly
suppressed in vivo hepatic metastases, in vitro migration
and invasion, and CT26 expression of matrix metalloprotei-
nase-2,

multiple signaling pathways mediated by the avfintegrin and
37, 38]

OPN function in vivo is multifaceted and involves

CD44 receptors in the step-wise progression of metastasis
Thus, OPN is considered a biomarker for advanced disease as
well as a potential therapeutic target in the regulation of can-
cer metastasis. We hypothesized, therefore, that OPN may be
involved in the HBxA127-mediated promotion of cell migra-
tion. To probe this question, we examined the influence of
HBxA127 on expression levels of OPN because the transcrip-
tional regulation of the OPN promoter is a key event in the
regulation of OPN expression and its synthesis. A number of
studies involving critical mechanisms such as hormonal and
growth factor stimulation, oncogene activation, and tumor
development have focused on OPN gene expression at the
mRNA level™. Therefore, we cloned the full-length promoter
sequence of the human OPN gene (Figure 2) and observed
the effect of HBxA127 on the promoter activity and mRNA
expression of OPN in hepatoma cells. Our findings indicate
that HBxA127 has a strong effect on the activation of OPN
promoter activity and increases OPN expression at the mRNA
level in hepatoma cells compared to the wild-type HBx gene.
Our results also indicate that the upregulation of OPN can be
abolished by treatment with HBxA127 RNAi (Figure 3 and 4),
suggesting that HBxA127 activates OPN in hepatoma cells. In
our experiments, we used two cell lines, HepG2 and H7402,
as models. HepG2 is a human perpetual hepatoblastoma cell
line, while H7402 is a human hepatocellular carcinoma cell
line!™ *! used to replicate the experiments performed with the
HepG2 cell line.

Next, we attempted to identify the mechanism of HBxA127-
mediated upregulation of OPN. Our recent study indi-
cated that HBxA127 can increase the expression of 5-LOX (a
catalyzing enzyme of arachidonic acid) through phospho-
rylated extracellular signal-regulated protein kinases 1/2
(p-ERK1/2)"™. Accordingly, 5-LOX is usually overexpressed
during multistage tumor progression in many neoplastic dis-

[24, 41]

orders, including lung, breast, and pancreatic cancers In
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addition, our laboratory found that 5-LOX was involved in
the proliferation and migration of LM-MCEF-7 (a breast can-
cer cell line with high metastatic potential®). Because OPN
is an important mediator of tumor metastasis and correlates
with tumor invasion, progression and metastasis in multiple
cancers, we hypothesized that 5-LOX may be involved in
increased HBxA127-mediated expression of OPN. Interest-
ingly, we found that MK886 (a specific inhibitor of 5-LOX)
was able to abolish the upregulation of OPN in HepG2-XA127
and H7402-XA127 cells (Figure 5), suggesting that 5-LOX is
required for the upregulation of OPN. This finding is consis-
tent with the report that 5-LOX is involved in tumor metas-
tasis®. Furthermore, wound healing assays revealed that
HepG2-XA127 cell migration can be significantly inhibited
by treatment with siRNA targeting of OPN mRNA (or HBx
mRNA) (Figure 6), further supporting the hypothesis that
OPN is involved in HBxA127-mediated promotion of hepa-
toma cell migration.

Taken together, our data suggest that HBxA127 plays an
important role not only in the promotion of hepatoma cell
growth!" but also in the promotion of hepatoma cell migra-
tion relative to wild-type HBx. HBxA127 strongly increased
the expression of OPN through 5-LOX in the promotion of
cell migration. This finding provides new insight into the
mechanism of HBxA127-mediated promotion of hepatoma cell
migration.
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