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PART I

Hepatitis B virus X gene differentially modulate the cell cycle

and apoptotic proteins in normal liver and hepatoma cell lines.
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1. ABSTRACT

HBx is essential for early virus infection, HBV genome replication, HBV associated liver
dieses and development of hepatocellular carcinoma(HCC). However, a exact role of HBx is
still controversy. In this study, we focus and studied controversial role of HBx at the
regulation of cell cycle and apoptosis in normal liver and hepatoma cell lines. We established
a Huh7-X and Chang-X cell line that constitutively expresses HBx mRNA and protein. HBx
proteins showed some difference in cell cycle regulation and expression of p27 and TGF-f
between each cell lines. In addition, HBx proteins dramatically increased expression of Bel-2
and reduced Cleaved PARP protein in Chang-X cells and inhibited the apoptosis in
unfavorable condition such as serum starvation in Chang and Huh7 cells. Our findings
demonstrate that HBx does a different role on to control of cell cycle progression and
apoptosis in hepatoma cell and normal liver cell lines and provide some clues at the

controversial issue of intracellular roles of HBx.

Key words: HBx , HBV, p27 , cell cycle, apoptosis, TGF- 3
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2. INTRODUCTION

Hepatitis B virus (HBV) is one of the major risk factors for the hepatocellular carcinoma
(HCC) and HCC-associated disease including liver cirrhosis (LC), acute hepatitis B (AHB)
and chronic hepatitis B (CHB) [1]. Approximately 2billion people infected with the HBV in
the world and above 400million people are chronically infected patients.

The HBV contains a 3.2 Kb length relaxed circular double stranded DNA genome and it
contains four overlapping open reading frames (ORF) including surface gene (preS1/S2/S),
core gene(pre-C/C), polymerase gene(P) and X gene[2]. The hepatitis B virus x (HBx)
protein is a 17kDa nonstructural protein consist of 154 amino acid and encoded X gene.

HBx is essential for the various stage of virus cycle such as early virus infection, HBV
genome replication, HBV associated diseases and development of hepatocellular carcinoma
(HCC) [3, 4]. The expression of HBx affects a proliferation, differentiation, matastasis, and
apoptosis in cancer cells through various signaling pathways. [5-9]. However, reported
effects of HBx expression were not consistent. HBx promotes the cell cycle progression
via down-regulation of cell cycle suppressive proteins such as p21 and p27 and up-regulation
of cell cycle progressive factor such as Cyclin D, E, PCNA in Huh7, Chang and HepG2 cells

[14, 15, 16]. However, HBx down-regulate the expression of Cyclin D1, E, A, B1, CDK 2, 4
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and PCNA and induce Gl phase arrest and repressed cell growth via GSK-3B/B-
Catenin cascade in HBx stable expressed normal liver Chang cell line. Futhermore, when
the Chang-HBx cells were injected in nude mouse, tumorigenesis was suppressed compared
with Chang cells [10-13]. HBx is involved in down-regulation of apoptosis through up-
regulation of anti-apoptotic proteins such as bcl2 and survivin proteins [2, 14-19]. In other
study, HBx is reported to induce apoptosis through an increase of Bax, Bad expression and
activation of Caspase8, Caspase3 activation [10-13].

TGF-p signaling related to both tumor-suppression and oncogenesis. TGF-f type 1
receptor (TBR1) activated by TGF-f and Smad3 phoshorylated in COOH-terminal
(pSmad3C) domain, which transmits a tumor-suppressive TGF-f signal through up-
regulation of p21(wafl). However, in hyperactive Ras-expressing transformed epithelial
cells, TGF-f induced Smad3C phosphorylation is interrupted but the JNK pathway is
stimulated and it is leading to phoshorylation on the linker region of Smad3. Activation of
JNK-dependent pSmad3L pathway increases the transcriptional activity of c-Myc and
promotes TGF-f induced oncogenic pathway. This pathway has been reported to induce the
development of cancers in liver and colon [20-22]. HBx also preferentially activates
JNK/pSmad3L/c-Myc oncogenic pathway over the TGF-B-mediated tumor-suppressive

pSmad3C pathway in Early Chronic Hepatitis B [23].
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HBx is believed to influence the apoptosis, cell cycle and cell growth, however, an exact
role of HBx is still unclear. In the present study, we focus and studied controversial roles of

HBx on the regulation of cell cycle and apoptosis in normal liver and hepatoma cell lines.
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3. MATERIALS AND METHODS

3.1. Cell culture and transfection

Huh-7(human hepatoma cell line) cells were cultured in Dulbecco's modified Eagle's
medium supplemented with 10% fetal bovine serum(FBS)(GIBCO inc, Grand Island, NY,
USA). Chang(human normal liver cell line) cells were cultured RPMI-1640 medium with
10% FBS. Huh-7 cells and Chang cells were transfected with pEGFP-HBx plasmid and
pCDNA3-HBx plasmid. For transfection, Lipofectamine 2000
(Invitrogen,Carlsbad,CA,USA) is used accoding to manufacturer's protocols. For stable
transfection, 24hr after transfection, transfected cells were selected by G418 (500 ug ml™,
AG Scientific, CA, USA) containing medium. The individual G418-resistant clones were

selected and analyzed by PCR and westhern blot.

3.2. Plasmids

The HBx genes cloned into pGEM was donated by Dr. Song Byoung-Cheol (Cheju
University , Cheju, Korea). A recombinant plasmid was made by HBx into the pEGFP-N1 or
pCDNA3 plasmid vector. The insert was amplified by PCR using a pGEM template

containing HBx with addition of Xhol and EcoRI restriction sites to primers matching those
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found in the pEGFP-N1 vector and pCDNA3 vector. The following primers(Integrated DNA
Technologies) were used: HBx GFP-Xhol Forward 5'-
ATCCTCGAGATGGCTGCTCGGGTGTGC-3' , HBx GFP-EcoRI Reverse 5'-GAT
GAATTCCGGCAGAGGTGAAAAAGTTGC-3' and HBx-Xhol Forward 5'-
ATACTCGAGATGGCTGCTCGGGTGTGC-3', HBx-EcoRI Reverse 5'-
GCAGAATTCGGCAGAGGTGAAAAAGTTGC-3'. Restriction digest with Xhol and
EcoRI-HF enzymes(New England Biolabs,Ipswich, MA,USA) was performed for both the

insert and vector, followed by ligation with T4 DNA ligase(Promega, Madison, WI, USA).

3.3. Western blots and antibodies

Cells transfected with indicated plasmids and harvested in RIPA buffer(50mM Tris-HCI
pHS8.1, 150mM Nacl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS and protease
inhibitor). Total protein were measured using the bicinchonic acid(BCA) assay(Pierce,
Rockford, IL, USA). Protein samples were loaded and separated on SDS-polyacrylamide
gels, transferred to PVDF membrane(Whaman Iternational, Ltd., Maidstone, UK), probed
with specific primary antibodies, washed and probed with secondary antibodies. Signals
were detected using an enhenced chemiluminescent substarate(WEST-ZOL, iNtRON

Biotechnology Inc, Seoul, Korea). The primary antibodies used include Hep B xAg, Cyclin
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D1, Cyclin E, Survivin , Cdk2, Cdk4, cyclin A, cyclin B1(Santa Cruz Biotech, CA, USA),
and GAPDH, p21, Cleaved PARP, Bax, Bcl-2(Cell Signaling Technology, MA, USA),

p27(BD Biosciences, CA, USA).

3.4.Cell cycle analysis by flow cytometry

The HBx stable huh7 and Chang cells were synchronized using serum-free medium for
24hr and stimulated by replacing complete medium. DNA content was assessed by staining
ethanol-fixed cells with propidium iodide (SIGMA, St.Louis, MO, USA) and measured by
FACS (BD biosciences, San Jose, CA, USA). The percentage of each phases of cell-cycle
analysis was perform using Cell Quest Pro software (BD Biosciences). Proliferation index

(PDH=(G2M+S)/(GOG1+S+G2M)*100 was calculated.

3.5. Intracellular localization

Cells were counterd and 8x10* per well were seeded onto 35x10mm cell culture dish before
the day of transfection. pPEGFP-N1 and Recombinant pEGFP-HBx plasmids were transfected
into huh7(human hepatoma cell line), Chang(human normal liver cell line)cells. At 24hr
post-transfection, we observed subcellular localization of HBx through a fluorescence

microscopy (IX70: Olympus, Tokyo, Japan).
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3.6. RT-PCR

Total RNA was isolated from each cells using Trizol reagent(Invitrogen, Carlsbad, CA,
USA) and cDNA was synthesized from lug of total RNA using Reverse transcription
system (Promega, Madison, WI, USA). PCR primers for amplification of HBx : Forward 5'-
CTCTACCGTCCCCTTCTTCG-3' , Reverse 5-AATCTCCTCCCCCAACTCCT-3' , B-
actin : Forward 5'-GTGGGCCGCCTAGGCACCA-3', Revers 5'-
GGAGGAAGAGGATGCGGCAG-3' , TGF-B1 : Forward 5'-
GTATTTCTGGTACAGCTCCA , Reverse 5-GTTCAAGCAGAGTACACACA-3' . PCR
was performed using Taq polymerase(iNtRON Biotechnology Inc, Seoul, Korea). HBx, [3-
actin, TGF- B PCR conditions were with 5min at 95C, 30 sec denaturation at 55°C and HBx
was 40 cycle of annealing at 55 C for 40sec, B-actin was 25 cycle of annealing at 56 C,
TGF-B was 35 cycle of annealing at 52°C and than Imin elongation at 72C. RT-PCR
products were analyzed by electrophoresis in 1% agarose gels contaninng 0,002% Nucleic

acid staining solution(RedSafe TM, Biotechnology Inc, Seoul, Korea).
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4. RESULTS

4.1. HBx protein was localized in cytoplasm and around the nuclear membrane in
Huh7 and Chang cell lines.

GFP-fused HBx plasmids were transient transfected for 24hr in human normal liver Chang
cells and human hepatocellular carcinoma Huh7 cells and observed the expression of GFP-
HBx and its localization using the fluorescent microscope. HBx was mostly localized in
cytoplasm and expressed in round the specific regions of nuclear membrane. Intracellular
localization of HBx was not different between Huh7 and Chang cells (Fig. 1 A and B).

To investigate the role of HBx , Cells were stably transfected with the HBx gene(Huh7-
X ,Chang-X)and HBx expression was analyzed by RT-PCR and western blot (Fig. 1 C and
D). The expression of cell cycle regulatory proteins in HBx stably expressed Huh7-X and

Chang-X cell lines were investigated by western blot analysis.

_10_
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Figure 1. Intracellular localization of HBx in Huh7 and Chang cells and HBx mRNA
and protein expression in HBx stable huh7(Huh7-X) and chang(Chnang-X)cells. (A and
B) pEGFP-N1 vector and GFP-fused HBx plasmids were transiently expressed in Huh7 and
Chang cells for 24hr and examined the intracellular localization of HBx using the fluorescent
microscope (x200). (C and D) Huh7 and Chang cell were transfected with HBx gene and
G418-resistant clones were selected and HBx expression was analyzed by RT-PCR and
western blot. B-actin and GAPDH were used as a control for equal loading of mRNAs and

proteins.

_12_
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4.2. HBx differently regulate the expression of cyclin-dependent kinase inhibitor p27
proteins and cell cycle progression in Huh7-X and Chang-X cells.

Hepatitis B X protein is known as intracellular mutifuntional regulatory protein and it
regulates the cell cycle progression or suppression through regulation of cell cycle proteins
and various intracellular signaling pathways. However, role of HBx is controversial in the
cell cycle regulation [4, 8, 9, 14-17, 24, 25].

As shown in Figure 2A, negative cell cycle regulators such as cyclin-dependent kinase
inhibitor p21 and p27 were dramatically down-regulated in Huh7-X cell line compared to
Huh-V cells.. Also, expression level of p53 protein which is known as p21 inducer was
down-regulated. In addition, expressions of cell cycle activator proteins such as Cyclin D1,
Cyclin E, were up-regulated (Fig. 2A). But in the Chang-X cell line, expression of p21 and
p53 were slightly down-regulated and expressions of Cyclin D1 and E were not changed
significantly. However, expression level of p27 was highly up-regulated (Fig. 2 B and D).
These results indicate that HBx differently regulate the cyclin-dependent kinase inhibitor p21
and p27 in Huh7 and Chang cells (Figure 2. C and D) and it may affect the cell cycle
progression in Huh7 and Chang cells.

To determine the effects of HBx on cell cycle progression in Huh7 and Chang cells, we

measured cell cycle by propidium iodide(PI) staining and flow cytometry (FACS). The

_13_
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proportion of GO/G1 phase in Huh7-X cells were decreased more than the Huh7-V cells
(60.62% for Huh7-V vs 53.77% for Huh7-X, Fig. 2 D). The proliferation index (PI) were
calculated using the formula (PI=(G2M+S)/(G0/G1+S+G2M)*100). A PI of Huh7-X cells
was more increased than the Huh7-V cells (46.49% for Huh7-X, 39.54% for Huh7-V, Fig. 2
D). These results demonstrated that proliferation was enhanced in Huh7-X cells. On the
other hand, in the Chang cells, G1/S progress was arrested more in Chang-X cells than
Chang-V cells (61.36% for Chang-V vs 63.65% for Chang-X, Fig. 2 E). Moreover, PI was
more decreased in Chang-X than the Chang-V cells (Fig. 3 E), which demonstrated that
proliferation was attenuated in Chang-X cells. This result suggests that HBx may play a

differential role in hepatoma and normal liver cells.

_14_

Collection @ jeju



Protein expression level

(@

(Fold ratio)

0.5

% Cell cycle

Huh?7 B Chana
Vector HBx Vector HBx
p21 P21 | i &
Cyclin D1 Cyclin D1 | *
PS3 | . - PO3 | M-
p27 | W e D27 | M
Cvclin £ | s S cveinE | D
GAPDH | (i - GAPDH |4 4
T, 1.5
. + |8 9 i
2 % *
Q 1
* s 3
* s 8
_E ~0.5
*% 2
2
o 0
p21  Cyclin D1 p53 p27 CyclinE p21 CyclinD1 p53 p27 Cyclin E
Huh?7 Chang
Huh7 Chang
Vector HBx Vector HBx
c
2| GO/G1(%) 60.62+0.15 | 53.77+0.31 61.36+0.52 63.65+0.2
=]
2 S(%) 17.23+0.18 19.7+0.25 14.84+0.38 15.01+£0.48
-,“5’ G2/M(%) 22.41+0.2 27.01+0.08 24.25+0.8 21.72+0.38
Pl(%) 39.54+0.24 | 46.49+0.32 38.92+0.54 | 36.59+0.23
_15_

Collection @ jeju



Figure 2. Expression of cell cycle regulatory proteins and different cell cycle regulation
in Huh7-X and Chang-X cells. Proteins extracted by RIPA cell lysis buffer and proteins
were analyzed by western blot. (A) in Huh7-X, (B) in Chang-X cells.(C) The histogram
shows the results from applying Image J program. Values shown represent the mean + s.d. of
three indepenent experiment. ¥*P<0.05 and **P<0.01 versus control(Huh7-V or Chang-V).
(D and E) Cell cycle was examined by PI staining and flowcytometry (n=3) in each cells and
analyzed by Cell Quest Pro Software. Proliferation index
(PD=(G2M+S)/(GOG1+S+G2M)*100 was calculated. Values shown represent the mean +

s.d. of three indepenent experiment.

_16_
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4.3. TGF-p mRNA expression was down-regulated in Huh7-X cells and up-regulated in

Chang-X cells.

To future investigate how HBXx regulate p27 expression; we examined the intracellular
expression level of TGF-B mRNA by RT-PCR analysis. TGF-f is a multifunctional cytokine
and regulates the cyclin-dependent kinase inhibitor such as p21, p27, pl5. Since TGF-
induce the G1 phase arrest through p27(kip1) up-regulation [26, 27], we presumed that HBx
may differently regulate p27 expression via expression of the TGF-f. The RNA in each cells
were isolated and the expression levels of TGF-B mRNA were investigated, expression of
TGF-B mRNA was down-regulated in Huh7-X cells (Fig. 3 A and C), In the Chang-X cells,
expression of TGF-f mRNA was up-regulated (Fig. 3 B and C). This result suggests that in
the Huh7 cells, HBx down-regulate the p27 expression and promote cell cycle progression
through down-regulation of TGF-B. However, in the Chang cells, HBx inhibit p27
expression and cell cycle progression through up-regulation of TGF-p.

It has been reported that HBx shifts TGF-B signaling from tumor-suppressive
TBRI/pSmad3C/p21 pathway to activated-JNK/pSmad3L/c-Myc oncogenic pathway in early
carcinogenic process of HBV-infected hepatocyte [23]. Our previous result showed that HBx
differently regulates the expression of TGF-f mRNA level in Huh7-X and Chang-X cells.

Base on this result, we presumed that HBx may differently affect the activated-

_17_
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INK/pSmad3L/c-Myc oncogenic pathway via regulation of TGF-f expression in Huh7 and
Chang cells and we analyzed expression of proteins of activated-JNK dependent oncogenic
pathway by western blot.

Basal expression level of oncogenic pathway proteins such as pJNK and c-myc more
increased in Huh7 cells than Chang cells. However, contrary to our expectations, HBx didn't

directly affected regulation of pSmad3L oncogenic signaling pathway proteins (Fig. 3 C).

_18_
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Figure 3. Expression of TGF-f mRNA in Huh7-X and Chang-X cells. Expression levels
were measured by RT-PCR. The amplified TGF-B DNA was separated by electrophoresis
through 1% agarose gel and visualized by staining (A). Histogram showing results of data
analysis by the Image J program. (B). Values shown represent the mean + standard deviation
of three independent experiments. *P<0.05 and **P<0.01 vs. control (Huh7-V or Chang-V).
Proteins involved in oncogenic pathway were compared by western blot analysis in Huh7
and Chang cells with/without HBx expression (C). Values shown represent the mean +

standard deviation of three independent experiments. *P<0.05 and **P<0.01 vs. Chang cells.
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4.4. HBx inhibit production of cleaved PARP as a marker for apoptosis protein via up-
regulation of Bcl-2 in Chang cells.

To investigate the relationship between HBx and cell death, we examined the expression
of apoptosis regulatory proteins by western blot. When comparing Huh7-V and Huh7-X cells,
apoptotic proteins such as Bax and Cleaved PARP or anti-apoptotic proteins such as Bcl-2
and Survivin expression did not change (Fig. 4 A and C). However, Chang-X cells the
expression of Bcl-2 protein is up-regulated than Chang-V control cells and Cleaved PARP
protein level decreased in Chang-X cells dramatically (Fig. 4 B and C). These results
indicated that HBx expression influence the apoptosis as an anti-apoptotic factor only in
normal liver cells.

However, in unfavorable condition, HBx also work as an anti-apoptotic factor in
hepatoma cell line. The cells were cultured in serum-free media for 72hr and induced the
serum starvation mediated apoptosis. In starvation condition, production of cleaved PARP
was inhibited in Chang-X cells and more in Huh7-X cells (Figure 4. D and E). In Huh7-X

cells, expression of p53 was inhibited and Bcl-2 was slightly up-regulated.

_21_

@ jeju



o

Cleaved PARP/GAPDH protein ratio

Huh7

Chang

Vector HBXx

Vector

HBXx

Cleaved PARP

Cleaved PARP | e oo

Box | - il

Bcl-2

2 e - —-—

Survivin - Survivin
_ —

GAPDH -—I R e

2 o
* .“-"' * %
£
[7]
“é 2
| L T
o
T 3 :
S
°
0 Q 0
Vector HBx Vector HBx Vector HBx Vector HBx
Huh7 Chang Huh7 Chang
— 22 —

Collection @ jeju




O

Cleaved PARP/GAPDH protein ratio

Chang Huh7

D B il R
Cleaved PARP | 'W' §

Bcl-2 - — - -

Bax ' 4

P53 | wees SEED s D s R o e

GAPDH | e e s s snn o s s
Starvation (hr) 0 72 0 72 0 72 0 72

Vector HBx Vector HBx
15 o 2
- B
[= >k
*% E
! o
o
T 1
&
0.5 <
2 (]
Q
0 g 0
Vector HBx Vector HBx Vector HBx Vector HBx
Chang Huh?7 Chang Huh7
O 15
s
c *
g ’—'
o
o
T
& os
: l
o
)
7y}
Q o
Vector HBx Vector HBx
Huh7 Chang

_23_

Collection @ jeju




Figure 4. Expression of apoptosis-related proteins in Huh7-X and Chang-X cell lines.
Protein levels were analyzed by western blot using specific antibodies. (A) in Huh-7 (B), in
Chang-X cells. (D) Each cell have cultured with 10% FBS medium for 24hr and changed to
serum-free medium for 72hr. After cell lysis, proteins were analyzed by western blot. (C and
E) The histogram shows the results from applying Image J program. Values shown represent
the mean =+ s.d. of three indepenent experiment. *P<0.05 and **P<0.01 versus control(Huh7-

V or Chang-V).
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Figure 5. Proposed model for the different effects of HBx in hepatoma cell and normal

liver cell lines. (A) HBx induce the G1 phase arrest of cell cycle via increase TGF-B and
p27 expression and which prevent the TGF-B mediated apoptosis pathway by the increase of
Bcl-2 expression in HBV infected normal liver cells. Previous report showed that HBV
replication was increased by the G1 or G2 phase arrest. We suggest that HBx-mediated an
increase of TGF-B, p27 expression and cell cycle arrest was required for the HBV
replication. HBx also prevent TGF-B mediated apoptosis via an increase of Bcl-2 expression
for the cell survival during HBV replication in normal liver cells. (B) we also suggest that
HBx probably will more stimulate development of HCC via cell cycle acceleration on the
part of a down-regulation of TGF-B and p53 and inhibit the apoptosis in unfavorable

condition such as serum starvation in hepatocellular carcinoma (HCC) cells.
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5. DISCUSSION

In the present study, we evaluated the intracellular roles of HBx on the impact of cell
cycle regulation and apoptosis in Chang and Huh7 cell lines. Our results have demonstrated
that HBx differently regulated the cell cycle progression and apoptosis in each Chang and
Huh7 cell (Fig. 2 and 4). Considering that Chang cell is a normal liver cell line with HeLa
markers[13]and Huh7 is a well differentiated hepatocyte derived cellular carcinoma cell line ,
our findings may provide some clues at the controversial issue of intracellular roles of HBx.

The change of cell cycle regulatory proteins and modulation of cell cycle by HBx have
been studied on various cell lines. HBx wup-regulated the expression of DNA
methyltransferase 1 through a regulatory circuit involving the p16-cyclin D1-CDK 4/6-pRb-
E2F1 pathway in HepG2 hepatoma cells[16]and it induced cell cycle progression via up-
regulation of B-1,4-galactosytransferase 1[28]. HBx also promoted G1/S transition of cell
cycle through interact with cyclin E/A-cdk2 complex and p27 destabilization in Huh7 and
HEK-293 human hepatoma cells [14]. H7402 stably expressed HBx (H7402-X) down-
regulated the expression of p27, but up-regulated expression of the Cyclin D, Cyclin E and
proliferation index(PI)[4]. In contrast, expression of HBx increased the cell cycle regulatory

proteins such as p27 and p2l via a calcium-dependent manner in primary human
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hepatocytes[24]. In Chang cells expressing HBx(Chang-X), HBx repressed cell growth and
reduced the expression of Cyclin D1, Cyclin E, Cyclin B1, CDK2 and CDK4[11]. Moreover,
HBx arrested the G1 phase of cell cycle and inhibited the tumorigenicity in Chang-X cell
line[13]. Interestingly, in our results indicated that HBx especially down-regulate the
expression of p27 and promoted G1/S transition of cell cycle in human hepatoma Huh7 cells,
while it down regulate the expression of p27 and arrested the G1 phase of cell cycle in
human normal liver Chnag cells(Fig. 2).

Transforming growth factor 1 (TGF- 1) has been reported that it induced the G1 phase
arrest via p27(kipl) up-regulation[27]. It has reported that expression of HBx attenuated
growth inhibition response to TGF-f 1 in Mink lung epithelial cells (Mv1Lu cells)[29]. In
this study, HBx decrease the mRNA expression level of TGF-B in Huh7 cells. However, it
increases that in Chang cells (Fig. 3). These findings have showed the possibility that HBx
may differently regulate cell cycle via modulation of p27 by TGF-f in Huh7 and Chang cells.

The expression of HBx differentially affected the production of TGF-f between normal
and hepatocarcinoma cells. In the hepatocarcinoma cells such as Huh7 cells, HBx decrease
the level of TGF-B mRNA and it may alleviate the G1 arrest caused by TGF-f. But in early

infection, constitutive expression of HBx in normal liver cell increased TGF-§ expression
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and arrest cell cycle to give favor for HBV replication. The excess TGF-f3 by HBx in normal
liver cells may lead shift TGF-f signal from tumor suppression to oncogenesis.

Recently, it was reported that HBx shifts TGF-f signaling from tumor suppression to
oncogenesis in early carcinogenic process [23]. In the INK/p38 non-Smad pathway, TGF-§
receptors interact with TRAF6 and activate JNK/p38[30]. They suggested that HBx
participated directly in hepatocarcinogenesis by shifting hepatocytic smad3-mediated
signaling from tumor suppression to oncogenesis in patients with early chronic hepatitis B.
In Huh?7 cells, the level of TGF-p is higher than normal cell and the JNK-dependent pathway
is already activated and the HBx expression did not increase more activation of JNK-
dependent signaling (Supplementary Fig. 1). Once the normal cells turn into hepatoma cells,
function of HBx may change to assisted to proliferation and anti-apototsis.

HBx mediated cell death is another controversial issue and it was known that induction of
apoptosis by HBx occurred via three primary pathways such as death receptor, mitochondria
and p53 dependent apoptosis [3]. The HBx was also reported to inhibit the apoptosis via
inhibition of p21, p27 expression and up-regulation of anti-apoptotic proteins such as Bcl-2
and Survivin[4, 9, 17, 18]. Interestingly, HBx inhibited apoptosis via up-regulation of Bcl-2
despite an inhibition of cell cycle progression in Chang cells (Figure 4) and our result has

indicated that expression of TGF-f3 was increased by HBx in Chang cells (Figure 3). TGF-3
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has been reported that it induce the mitochondria dependent apoptosis through NOX4
mediated ROS production [31, 32]. Bcl-2 is recognized as an anti-apoptotic protein that acts
as an inhibition of mitochondrial cytochrome C release. Taken together, our results suggest
that up-regulation of Bcl-2 by HBx may interrupt production of cleaved PARP
through inhibition of cytochrome C release and activation of caspase. That inhibits the TGF-
B mediated cell death in Chang cells where TGF-f is increased. Meanwhile, HBx did not
affect the apoptosis in Huh7 cells, however, we has found that HBx inhibited the apoptosis in
unfavorable condition such as serum starvation (Figure 4). When the expression of HBx was
inhibited by specific sh RNA in HBV infected hepatoma cells such as HepG2.2.15 cells,
apoptosis was increased[33].

In this study, we suggest dual function of HBx in different stage of infection, normal
hepatocyte, HBx may inhibit cell cycle progression via TGF-B-mediated p27 up-regulation
for HBV genome replication and apoptosis via up-regulation of Bcl-2 to support the HBV
replication. In chronic hepatitis, HBx shift TGF-B signal from tumor suppression to
oncogenesis[23]. When the character of cell has changed from the hepatocyte to hepatoma,
HBx may more play oncogenic character via promotion of cell cycle progression and

suppression of apoptosis.
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PART II

The mutation of the hepatitis B virus X gene modulate the cell

cycle and apoptotic proteins in Huh—7 cells
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1. ABSTRACT

Hepatocellular carcinoma (HCC) is one of the most prevalent cancers. HCC and HCC—
associated disease are caused by hepatitis B virus (HBV). HBV often occur mutation at basal
core promoter (BCP), which is overlapped with open reading frame (ORF) of hepatitis B
virus X (HBx) protein. The HBx protein plays very important role in development of liver
cancer. In this study, we have investigated the influence that a mutation of HBx (BCP1) had
on to cell cycle in Hepatocellular carcinoma cell line, Huh-7. We has cloned mutant of HBx
from clinical samples, and then transiently and stably transfected into Huh-7. The mutant
HBx (BCP1) protein especially reduced expression of CDK inhibitor p27kipl and more
promoted the cell cycle progression than HBx. BCPI1 also inhibited the production of
cleaved PARP as a marker for apoptosis than HBx in Huh7 cells. In addition, multifunctional
cytokine TGF-B was more down-regulated by BCP1 mutant. Therefore, BCP1 mutation
more promotes the cell cycle progression and inhibits the apoptosis than HBx in Huh-7 cells,

which may require the down-regulation of TGF-f.

Key words: HBx , HBV, cell cycle, apoptosis, TGF-f3
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2. INTRODUCTION

Infection of hepatitis B virus(HBV) is a major cause of HCC-associated disease
including liver cirrhosis(LC), acute hepatitis B(AHB), Chronic hepatitis B(CHB) [1].
Approximately 2 billion people infected with HBV over the world and more than 400million
people are chronic HBV carriers [2]. It is predominantly found in the Eastern Asia and south
Africa and hepatocellular carcinoma(HCC) is a malignant tumor of third high occurrence
frequency in South Korea [3].

The HBV have a 3.2 Kb length relaxed circular double stranded DNA genome and it
contains a highly compact genetic organization with four overlapping open reading
frames(ORF) including surface gene(preS1/S2/S), core gene(pre-C/C), polymerase gene(P)
and X gene [4, 5].

Clinical studies have indicate that the mutation of HBV basal core promoter (BCP) region
increase the risk of hepatocelluar carcinoma(HCC) [1, 6-8]. BCP regulate the transcription of
precore and pregenomic mRNA [9] and mutations of BCP enhance HBV replication [10, 11]
and the most common BCP double mutation (A1762T and G1764A nucleotide exchange)
decrease the HBe Ag expression above 70% but enhanced viral genome replication [12].

Moreover, An additional mutation of BCP region (T1753C or C1766T nucleotide exchange)
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goes with BCP double mutation (A1762T and G1764A nucleotide exchange).These mutants
more promote the HBV replication than the BCP double mutation and increase the
replication above eight times compared with wide type HBV, but expression of HBe Ag has
been decreased [9]. However, clinical studies have indicated that basal core promoter
mutation is not always associated with high serum HBV DNA levels [13-15].

The hepatitis B virus x (HBx), a small protein of 154 amino acids, is mostly localized in
cytoplasm, nucleus and mitochondria [16] and it is essential for early virus infection, HBV
genome replication and plays a crucial role in the HBV associated diseases and development
of hepatocellular carcinoma(HCC) [17, 18]. HBx does not bind to DNA, but it is able to
activate the transcription factors, such as NF-kB, CREB, AP-1, AP-2, SP-1 and it activate
the proto-oncogenes, such as c-Fos, c-myc, c-Jun, EGF [3].

HBx is also modulates a variety of host signaling pathways including Ras-Raf-
MAPK/ERK, JNK, JAK/STAT, PI3-K/AKT, Wnt/B-catenin and it regulate a proliferation,
apoptosis , differentiation, matastasis of cancer cells [2, 3]. Previous studies demonstrated
that HBx promote the cell cycle progression via modulation of negative cell cycle regulators
such as pl6, p21, p27, p53 and progressive regulators such as Cyclins, CDKs , pRb. HBx
also inhibit an apoptosis via up-regulation of anti-apoptotic proteins bcl2 and survivin

proteins [18-28].
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The C-terminal region of the hepatitis B virus X protein is overlapped with HBV basal
core promoter(BCP) region and HBx mutation often occur together with BCP mutation [3,
11]. Most of previous studies examined BCP mutation regarding HBV replication, but the
molecular mechanism of mutation of HBx with corresponding to BCP mutation has not been
enough examined.

In this study, we hypothesized that HBx may be promote the cell cycle progression and
inhibit apoptosis through mutation at C-terminal of HBx with corresponding to BCP
mutation and we has been examined a role of HBx mutant (BCP1) on the modulation of cell

cycle and apoptosis in human hepatocellular carcinoma Huh7 cell lines.
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3. MATERIALS AND METHODS

3.1. Cell culture and transfection

Huh-7(human hepatoma cell line) cells were cultured in Dulbecco's modified Eagle's
medium supplemented with 10% fetal bovine serum(FBS)(GIBCO inc, Grand Island, NY,
USA). Huh-7 cells were transfected with pEGFP-HBx plasmid . For transfection,
Lipofectamine 2000(Invitrogen) is used accoding to manufacturer's protocols. For stable
transfection, 24hr after transfection, transfected cells were selected by G418(500ug/ml, AG
Scientific, CA, USA) containing medium. The individual G418-resistant clones were

selected and analyzed by PCR and westhern blot

3.2. Plasmids

The HBx and HBx mutant(BCP1) genes cloned into pGEM was donated by Dr. Song
Byoung-Cheol (Cheju University , Cheju, Korea). A recombinant plasmid was made by HBx
into the pEGFP-N1 plasmid vector. The insert was amplified by PCR using a pGEM
template containing HBx with addition of Xhol and EcoRI restriction sites to primers
matching those found in the pEGFP-NI1. The following primers(Integrated DNA

Technologies) were used: HBx GFP-Xhol Forward 5'-
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ATCCTCGAGATGGCTGCTCGGGTGTGC-3' , HBx GFP-EcoRI Reverse 5'-GAT
GAATTCCGGCAGAGGTGAAAAAGTTGC-3" Restriction digest with Xhol and EcoRI-
HF enzymes(New England Biolabs,Ipswich, MA,USA) was performed for both the insert and

vector, followed by ligation with T4 DNA ligase(Promega, Madison, WI, USA).

3.3. Western blots and antibodies

Cells transfected with indicated plasmids and harvested in RIPA buffer(50mM Tris-HCI
pHS8.1, 150mM Nacl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS and protease
inhibitor). Total protein were measured using the bicinchonic acid(BCA) assay(Pierce,
Rockford, IL, USA). Protein samples were loaded and separated on SDS-polyacrylamide
gels, transferred to PVDF membrane(Whaman Iternational, Ltd., Maidstone, UK), probed
with specific primary antibodies, washed and probed with secondary antibodies. Signals
were detected using an enhenced chemiluminescent substarate(WEST-ZOL, iNtRON
Biotechnology Inc, Seoul, Korea). The primary antibodies used include Hep B x Ag,
Survivin (Santa Cruz Biotech, CA, USA), and GAPDH, p21, Cleaved PARP, Bax, Bcl-

2(Cell Signaling Technology, MA, USA), p27(BD Biosciences, CA, USA).
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3.4. Cell cycle analysis by flow cytometry

Huh7 cells were transiently transfected with HBx or BCP1 mutant and, 4h post-
transfection, changed to serum-free medium for 24hr. HBx or BCP1 mutant stable huh7 cells
(Huh7-X and Huh7-BCP1) were synchronized using serum-free medium for 24hr and
stimulated by replacing complete medium. DNA content was assessed by staining ethanol-
fixed cells with propidium iodide (SIGMA, St.Louis, MO, USA) and measured by FACS
(BD biosciences, San Jose, CA, USA). The percentage of each phases of cell-cycle analysis
was performed using Cell Quest Pro software (BD Biosciences). Proliferation index

(PDH=(G2M+S)/(GOG1+S+G2M)*100 was calculated.

3.5. Intracellular localization

Cells were counterd and 4x10° per well were seeded onto 60x15mm cell culture dish before
the day of transfection. pPEGFP-N1 and Recombinant pEGFP-HBx and HBx-BCP1 plasmids
were transfected into huh7(human hepatoma cell line). At 24hr post-transfection, MitoSOX
(Molecular Probes, Invitrogen, USA) was pre-treated to HBx or BCPl-transfeced cells
according to manufacturer's instructions and incubate at 30 °C for 10 min, washed once
using the filtered PBS. We observed subcellular localization of HBx and mitochondria

through a fluorescence microscopy (IX70: Olympus, Tokyo, Japan).
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3.6. RT-PCR

Total RNA was isolated from each cells using Trizol reagent(Invitrogen, Carlsbad, CA,
USA) and cDNA was synthesized from lug of total RNA using Reverse transcription
system(Promega, Madison, WI, USA). PCR primers for amplification of HBx : Forward 5'-
CTCTACCGTCCCCTTCTTCG-3' , Reverse 5-AATCTCCTCCCCCAACTCCT-3' , B-
actin : Forward 5'-GTGGGCCGCCTAGGCACCA-3', Revers 5'-
GGAGGAAGAGGATGCGGCAG-3' , TGF-B1 : Forward 5'-
GTATTTCTGGTACAGCTCCA , Reverse 5-GTTCAAGCAGAGTACACACA-3' . PCR
was performed using Taq polymerase(iNtRON Biotechnology Inc, Seoul, Korea). HBx, [3-
actin, TGF- B PCR conditions were with 5min at 95C, 30 sec denaturation at 55°C and HBx
was 40 cycle of annealing at 55 C for 40sec, B-actin was 25 cycle of annealing at 56 C,
TGF-B was 35 cycle of annealing at 52°C and than Imin elongation at 72°C. RT-PCR
products were analyzed by electrophoresis in 1% agarose gels contaninng 0,002% Nucleic

acid staining solution(RedSafe TM, Biotechnology Inc, Seoul, Korea)

_38_

Collection @ jeju



4. RESULTS

4.1. Intracellular localization of HBx and BCP1 were not difference and localized in
cytoplasm and around the nuclear membrane in Huh7 and Chang cell lines.

Figure 1A showed the location of mutation found in clinical samples (BCP1, A1762T
G1764A, T1753C nucleotide exchange; [127T, K130M, V1311 amino acids changes).

The intracellular localization of HBx mostly localized in cytoplasmic, with a partial
fraction in the nucleus [16] and mitochodria [18, 29]. GFP-fused HBx or BCP1 mutant
plasmids were transient transfected for 24hr in human hepatocellular carcinoma Huh7 cells
and human normal liver Chang cells and observed the expression of each protein. Its
localization was observed using the fluorescent microscope. HBx or BCP1 mutant were
primarily localized in cytoplasm and expressed with punctuated pattern in a round the
specific regions of nuclear membrane. Co-staining with Mitosox, the mitochondria specific
dye revealed that the punctuated region indicated mitochondria. However, Intracellular

localization of HBx or BCP1 mutant was not difference in Huh7 or Chang cells (Fig.1B).
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Figure 6. Schematic illustration of the HBx or BCP1 mutant and its intracellular
localization in Huh7 and Chang cells. The position of mutation in HBx gene and HBV
genome is indicated. The altered amino acids are indicated below (A). pEGFP-N1 vector and
GFP-fused HBx or HBx-BCP1 mutant plasmids were transiently expressed in Huh7 and
Chang cells for 24hr with Mitosox (red) and examined the intracellular localization of HBx

(green) using the fluorescent microscope (x 200)(B).
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4.2. BCP1 mutant especially down-regulate the expression of cyclin-dependent kinase
inhibitor p27 proteins and promotes the cell cycle progression than HBx in Huh7 cells.

Hepatitis B X protein (HBx) is known that it promotes the cell cycle via modulation cell
cycle regulatory proteins such as pl16, p21, p27, p53, Cyclins and CDKs [19-21]. HBx core
promoter mutation was down-regulated the p21 by deregulation SKP2[30] (32).

To investigate the role of HBx and HBx mutant (BCP1) in cell cycle regulation, Huh7
cells were stably transfected with HBx and BCP1 mutant genes. Expression of HBx or BCP1
mutant and cell cycle regulatory proteins were investigated by western blot analysis (Figure
2A). As shown in Figure 2A, HBx down-regulated the expression of p21 and p27 then
control. BCP1 mutant has more down-regulated the expression of p27 compared with HBx.
In addition, expression of p53 was down-regulated by HBx and BCP1 mutant (Fig.2A and
B). These results have indicated that HBx and BCP1 mutant down-regulate the negative cell
cycle regulator such as p21, p27 and p53. Moreover, BCP1 mutant especially down-regulate
the expression of p27 in transiently (data not shown) or stably HBx-expression Huh7 cells
(Fig. 2B).

Down-regulation of cell cycle regulator protein may affect cell cycle. To determine the
effect of HBx or BCP1 mutant on cell cycle progression in Huh7 cells. We has measured cell

cycle by propidium iodide (PI) staining and flow cytometry (FACS) (Fig. 2C). In Huh7 cells
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stably expressing HBx or BCP1, proportion of GO/G1 phase were decreased in BCP1
compared with HBx (53.74% for Huh7-HBx, 47.68% for Huh7-BCPland increased the
proliferation index (PI) (45.85% for Huh7-HBx, 52.87% for Huh7-BCP1 respectively, Fig.
2D).The proliferation index (PI) were calculated using the formula
(PI=(G2M+S)/(GO/G1+S+G2M)*100). These results suggest that HBx enhance the
proliferation in Huh7 cells. Moreover, BCP1 mutant promote the proliferation Huh7 cells

more than HBx.
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Figure 7. The effects of expression of HBx or BCP1 mutant on the regulation of cell
cycle in Huh7 cells. Huh7 cells were transfected stably (B and E) with HBx and BCP1. The
proteins were extracted by lysis buffer and analyzed by western blot. (A) The histogram
shows the results from applying Image J program (B). Values shown represent the mean +
s.d. of three indepenent experiment. *P<0.05 and **P<0.01 versus control (Vector). Cell
were stained with PI and cell cycle was examined by flowcytometry (C) and the cell-cycle
was analyzed by BD software. Proliferation index (P1)=(G2M+S)/(GOG1+S+G2M)*100 was

calculated (D).
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4.3. BCP1 mutant inhibits production of cleaved PARP as a marker for apoptosis
protein in Huh7 cells.

The HBx was also reported to inhibit the apoptosis via up-regulation of anti-apoptotic
proteins such as Bcl-2 and Survivin, inhibition of p21, p27 expression [3, 18, 24, 31] or
activation of Notch signaling [26] .

To investigate effect of HBx or BCP1 mutant on the modulation of apoptosis in Huh7
cells, we examined the expression of apoptosis regulatory proteins by western blot. When
comparing control vector and HBx, apoptotic proteins such as Bax and cleaved PARP or
anti-apoptotic proteins such as Bcl-2 and Survivin expression did not change in Huh7 cells
transiently (data not shown) or stably expressing HBx (Fig. 3A). However, BCP1 mutant
decreased the expression of Bax and production of cleaved PARP than HBx in transiently
transfected cells (data not shown). In stable cells, expression of Bax, Bcl-2 and survivin did
not show meaningful change than Huh7-X cells, but, BCP1 mutant decreased the production
of cleaved PARP dramatically (Fig. 3 A and B). These results have indicated that BCP1

mutant inhibits the apoptosis via decrease of production of cleaved PARP in Huh7 cells.
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Figure 8. BCP1 mutant inhibit apoptosis in Huh7 cells. Huh7 cells were transfected stably
with HBx and BCP1 mutant. Protein levels were analyzed by western blot using specific
antibodies (A). Values shown represent the mean + s.d. of three indepenent experiments.

*P<0.05 and **P<0.01 versus control (HBx) (B).
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4.4. Huh7-BCP1 cells more down-regulated expression of TGF-$ than Huh7-HBx cells,
but, HBx or BCP mutant were not influenced in activated JNK dependent oncogenic
pathways.

TGF-p is important regulatory suppressor for suppression of proliferation and cell death in
liver cells [32]. To investigate the expression level of TGF-f in Huh7-HBX or Huh7-BCP1
cells, we isolated the mRNA in each cells and the expression level of TGF-f mRNA was
analyzed by RT-PCR analysis. Expression of TGF-§ was down-regulated in Huh7-HBx cells.
Moreover, its level was more down-regulated by BCP1 in Huh7- BCP1 cells (Fig. 4 A and
B).

HBx shifts TGF-P signaling from tumor-suppressive to JNK/pSmad3L/c-Myc oncogenic
pathway in early carcinogenic process [33]. We analyzed expression of proteins of
JNK/pSmad3L/c-Myc oncogenic pathway by western blot in Huh7-HBx or Huh-BCP1 cells.
However, HBx or BCP1 mutant didn't affect the modulation of proteins of JNK/pSmad3L/c-

Myc oncogenic pathway in Huh7-X or Huh7-BCP1 cells (Fig. 4 C and D).
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Figure 9. Expression levels of TGF-3 and JNK-dependent oncogenic pathway proteins
in Huh 7 cells expressing HBx or BCP1 mutant. Total RNA was isolated from each cells
and cDNA synthesized as described in methods. PCR products of TGF-3 using specific
primers were analyzed by 1% agarose gel electrophoresis(A) and (B). JNK-dependent
oncogenic proteins were analyzed by western blot (C and D). Values shown represent the
mean =+ s.d. of three indepenent experiments. *P<0.05 and **P<0.01 versus control (Huh7-

Vector or Huh7-HBx)(C) Protein levels were analyzed by western blot analysis.
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6. Discussion

In the present study, we focus and studied intracellular roles of HBx mutant on the control
of cell cycle and apoptosis in Huh7 cell lines. Our results have demonstrated that HBx
mutant (BCP1) more significantly influenced the modulation of cell cycle progression and
apoptosis than HBx in Huh7 cells.

The mutation of HBV basal core promoter (BCP) is associated with hepatocelluar
carcinoma (HCC) [1, 6-8] and BCP is overlapped with C-terminal region of the hepatitis B
virus x (HBx, nt 1742-1835) protein [3, 9] (Fig. 1 A). BCP mutant enhance the HBV
replication and increase the incidence of hepatocelluar carcinoma (HCC) [9]. Moreover,
BCP 1753 mutant (BCP1, A1762T and G1764A, T1753C nucleotide exchange) more
increase the occurrence of HCC than the common BCP double mutation (A1762T and
G1764A nucleotide exchange) [9]. In this study, we used the clinical HBx mutant (BCP1;
T1753C, A1762T and G1764A) and its region of mutation has indicated the box of Figure 1
A.

Our clinical HBx mutant (BCP1) and wild type HBx localized in cytosol and mitochodria.
However, BCP1 mutant did not affect the intracellular localization compared with HBx (Fig.

1 B). C-terminus of HBx is necessary region for the specific localization of mitochondria [18,
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29] and mitochondria localization of HBx has been affected various intracellular
environment [16, 29, 34, 35]. Mutation of 115th amino acid at the C-terminus of HBx was
distributed in the cytoplasm without specific organelles of intracellular [29]. Even BCP1
mutations are located in C-terminus region, they did not alter the location of proteins.

The deletion of C-terminal of HBx was frequently found in HBV-associated HCC tissues.
Then the deletion of 20 and 40 amino acids at the COOH-terminus, cell cycle progression
and tumorigenesis were promoted in Huh7 cells [36]. A natural mutant of HBx with a
deletion from 382 to 401 base pairs at the C-terminal (HBxA127) also promoted cell growth
[27, 28, 37]. Interestingly, the deletion sequence in natural C-terminal deletion mutant
(HBxA127) exactly overlapped our mutation amino acid site 127, 130, 131. Wang et al
explained HBxA127 mutant promote hepatoma cell growth through activation SREBP-1c¢
involving fatty acid synthase (FAS) [37]. Two separate approaches showed that the ablation
of FAS activity causes a dramatic down-regulation of S-phase kinase-associated protein 2
(Skp2), a component of the E3 ubiquitin ligase that controls the turnover of p27"*' and p21,
and ultimately tie into the retinoblastoma protein pathway and lead to a cell-cycle arrest [38].
We believe that BCP1 mutation of HBx increase binding affinity of SREBP-1¢ and activate
FAS, which activate the Skp2 and promote the proteasomal degradation of p27""' as in

HBxA127. Skp2 is also involved in degradation of p21. In HepG2 cells, HBx mutant with
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changes in the BCP region decreased levels of p21 and increased cyclin E expression [30].
These findings have showed possibility that BCP1 may increase the occurrence of HCC via
promotion of cell cycle progression than HBx.

HBx inhibit the induction of apoptosis by inhibition of anti-apoptotic proteins such as Bcl-
2 and Survivin [3, 18, 24, 31] and HBV X protein truncated 27 amino acids at the COOH
terminal up-regulated transcriptional activity of survivin and failed to induce apopoptosis
[28]. However, exact role of our clinical HBx mutant (BCP 1753: BCP1) on the modulation
of apoptosis has not been enough examined. Interestingly, BCP1 mutant interrupted the
apoptosis through inhibition of cleaved PARP production in Huh7-BCP1 cells (Fig. 3).
These results provide another clue at increase of occurrence of HCC by BCP1 mutant.

TGF-B controls the cyclin-dependent kinase inhibitor such as pl5, p21 and p27. In
addition, TGF-p induce the G1 phase arrest via p27"' [39] and prevents proteasomal
degradation of p27 for cell cycle arrest [40]. Cell death by TGF-f in liver cells requires the
production of reactive oxygen species (ROS) through increase of NOX4 expression. The
ROS production cause the loss of mitochondrial transmembrane potential, an increase of
cytochrome c release and activation of caspase [8, 12]. Interestingly, in our results have
indicated that HBx and BCP1 mutant down-regulate the mRNA expression of TGF-p,

moreover, BCP1 mutant more decrease the expression of TGF-p compared with HBx (Figure
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4). These findings suggest that BCP mutant may control the promotion of cell cycle
progression and inhibition of apoptosis more than HBx via high reducing effect of
expression of TGF- in Huh7 cells.

It has been reported that HBx shifts TGF-f} signaling from tumor-suppressive pathway to
oncogenic pathway in early carcinogenic process of HBV-infected hepatocyte [33]. In this
study, HBx or BCP1 mutant didn't more affected modulation of activated JNK-dependent
oncogenic pathway proteins (Fig. 4 C). These results were considered that modulation of
TGF-p by HBx or BCP1 mutant did not influence the activated-JNK-dependent oncogenic
pathway in already oncogenic signals activated-hepatoma cell.

In summary, our study provides a possible mechanism by which HBV core promoter
mutations are associated with an increased risk of HCC. The results suggest that core
promoter mutations seen in patients with HCC promote carcinogenesis possibly via down
regulation of p27 expression and in turn acceleration of cell cycle progression, and cellular

proliferation and inhibition of apoptosis.
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