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The role of the protein encoded by the alternative open reading frame (ARF/F/core+1) of the Hepatitis C
virus (HCV) genome in viral pathogenesis remains unknown. The different forms of ARF/F/core+1 protein
were labile in cultured cells, a myc-tag fused at the N-terminus of the F protein made it more stable. To
determine the role of core and F proteins in HCV pathogenesis, transgenic mice with either protein
expression under the control of Albumin promoter were generated. Expression of core protein and F pro-
tein with myc tag (myc-F) could be detected by Western blotting analysis in the livers of these mice. The
ratio of liver to body weight is increased for both core and myc-F transgenic mice compared to that of
wild type mice. Indeed, the proliferating cell nuclear antigen protein, a proliferation marker, was up-reg-
ulated in the transgenic mice with core or myc-F protein. Further analyses by microarray and Western
blotting suggested that p-catenin signaling pathway was activated by either core or myc-F protein in
the transgenic mice.

These transgenic mice were further treated with either Diethynitrosamine (a tumor initiator) or Phe-
nobarbital (a tumor promoter). Phenobarbital but not Diethynitrosamine treatment could increase the
liver/body weight ratio of these mice. However, no tumor formation was observed in these mice. In con-
clusion, HCV core and myc-F proteins could induce hepatocyte proliferation in the transgenic mice pos-
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sibly through B-catenin signaling pathway.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Hepatitis C virus (HCV) is a major cause of chronic hepatitis, li-
ver cirrhosis, and hepatocellular carcinoma [1]. HCV belongs to
the genus Hepacivirus in the family Flaviviridae. The HCV genome
is a single, positive-stranded RNA with a nucleotide length of
about 9.6 kb. It encodes a polyprotein precursor of approximately
3000 amino acids, which is processed by host and viral proteases
into at least 10 different proteins, which are arranged in the order
of NH2-C-E1-E2-p7-NS2-NS3-NS4A-NS4B-NS5A-NS5B-COOH [2].
In the +1 frame, an alternate reading frame (ARF) overlaps with
the core protein-coding sequence and encodes the ARF protein
(ARFP). HCV ARFPs could be resulted from either frameshifting,
transcriptional slippage or internal initiation in the +1 open

* Corresponding author. Address: 701, Section 3, Chung Yang Road, Tzu Chi
University, Hualien, Taiwan. Fax: +886 3 8571917.
E-mail address: losylo@mail.tcu.edu.tw (S.-Y. Lo).
1 The first two authors contributed equally to this work.

0006-291X/$ - see front matter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.bbrc.2013.04.059

reading frame of core protein coding sequence [3-7]. Abolishing
the ARFP production has no effect on HCV replication in cultured
cells or uPA-SCID mice, suggesting that ARFP is probably not
important for the HCV reproductive cycle [8,9]. However, detec-
tion of the specific anti-ARFP antibodies and the T-cell responses
in HCV-infected patients, as reported by many independent labo-
ratories, provided strong evidence that this protein is expressed
in vivo [10-12].

Sub-cellular localization of HCV ARFP has been studied [6,13-
15]. However, the functional significance of this protein in the viral
pathogenesis remains unknown [16]. It has been demonstrated
that the ARFP to possess regulatory functions in vitro and has been
suggested to play a role in advanced liver disease and liver cancer
[8,17-20].

To determine the possible oncogenic property of HCV F protein,
transgenic mice with this protein were generated in this study. As
HCV core protein has been demonstrated to have an oncogenic role
[21], the transgenic mice with core protein were also generated as
a positive control.
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Fig. 1. Both core and F proteins could induce hepatocyte proliferation in the transgenic mice. (A) Protein samples from the livers of 53 week-old of wild-type mice or the
transgenic mice with core or myc-F protein were used for Western blotting analysis using antibodies against core (upper panel), against F (middle panel), or against actin
(lower panel) as a loading control. (B) The liver/body weight ratio of wild-type mice or the transgenic mice with different core or F proteins. (C) Protein samples from the
livers of 53 week-old of wild-type mice or the transgenic mice with core or myc-F protein were used for Western blotting analysis using antibodies against PCNA (upper
panel) as a marker of cell proliferation, or ERK2 (lower panel) as a loading control. (D) Protein samples from the livers of 53 week-old of wild-type mice or the transgenic mice
with core 1b were used for Western blotting analysis using antibodies against core (upper panel), or against actin (lower panel) as a loading control. (E) The mRNAs extracted
from 53 week-old of transgenic mice with F protein (lane 1) or wild-type mice (lane 2) were used for RT-PCR. Then, the products were analyzed by electrophoresis.

B WT Cla myc-F
A WT  Cla mycF CK2
-55K
WNT1
; B 40K
R ERK2 e —
ERK2 e S S -
WNT1/ERK2 1.00 1.42 263 CK2/ERK2  1.00 7.54 11.00
¢ D = Cla myeF
) WT Cla myc-F cmye s i
B -catenin ‘ - - -100K
-40K
ERK2 oo pr— —
i -100K
PP -catenin —memae — c-myc/ERK2  1.00 1.29 160
. - - -40 K
ERK2  — -— - ﬂ c
i | WT Cla mye-F
B-catenin/ERK2 1.00 1.22 f.dd . il
= -40K
p-B-catenin/ERK2 1.00 0.77 0.95 -
i i actin | S_— - ~— o
p-B-catenin/B-catenin 1.00 0.63 0.66 -
SMA/actin ~ 1.00 2.02 118

Fig. 2. Protein samples from the livers of 53 week-old of wild-type mice or the transgenic mice with core or myc-F protein were used for Western blotting analysis using

antibodies against WNT1 (A), CK2 B (B), B-catenin (C), c-myc (D), or SMA (E). The protein amount of ERK2 or actin was used as a loading control.
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2. Materials and methods
2.1. Plasmid construction

The expression plasmids for HCV ARF/F/ core +1 protein used in
this study were derived from the plasmid p90/HCV FL-long pU (GI:
2316097) which contains the full-length sequence of the HCV-H
isolate. To isolate the cDNA fragments that contain the indicated
protein coding sequences, PCR reactions using specific primers
were performed. Oligo primers used for PCR are available upon re-
quest. After PCR, the DNA fragments were cloned into the pcDNA3,
pcDNA3.1-V5-His A (Invitrogene, USA), or pcDNA3-myc vector [22]
for transient expression in mammalian cells using the same ap-
proach described previously [23,24]. The DNA coding fragment
for core 1a was also derived from HCV-H isolate while core 1b
was initially isolated from a local patient with HCV genotype 1b
(this plasmid was provided by Dr. K.S. Jeng, Academia Sinica, Tai-
pei, Taiwan). The expression vector for core or F protein in trans-
genic mice was under the control of liver-specific albumin
promoter [25].

All the expression plasmids were verified by sequencing.

2.2. Cell culture

HuH?7 cells were cultured in Dulbecco’s modified Eagle’s med-
ium (DMEM) containing 10% fetal bovine serum (FBS), 100 U/ml
penicillin and 100 pg/ml streptomycin (Gibco, USA). All cultured
cells were maintained at 37 °C with 5% CO,.

2.3. Immunoprecipitation

Our previous procedures were followed for pulse-chase and
immunoprecipitation to determine the half-lives of various HCV

ARF/F/core+1 proteins [26]. The antibody used for the analysis
was home-made rabbit anti-F polyclonal antibody.

2.4. Transgenic mice

Transgenic mice with different recombinant proteins were gen-
erated in FVB/N mice by Level Biotechnology Inc. (Taipei, Taiwan).
After the establishment of transgenic mice, these mice were
housed in the Laboratory Animal Center of Tzu Chi University.
The research methods were approved by the Animal Care and
Use Committee of Tzu-Chi University.

2.5. Western blotting analysis

Our previous procedures were followed for Western blotting
analysis [17,23]. The primary antibodies used for the analyses in
this study were mouse anti-F monoclonal antibody (a gift kindly
provided by Dr. J.H. Ou, University of Southern California, USA),
mouse anti-PCNA monoclonal antibody (Abcam, UK), mouse anti-
B-catenin monoclonal antibody (Santa Cruz, USA), mouse anti-
myc (4A6) monoclonal antibody (Millipore, USA), mouse anti-actin
monoclonal antibody (Santa Cruz), mouse anti-CK2 g monoclonal
antibody (Santa Cruz), rabbit anti-core polyclonal antibody [27],
rabbit anti-p-B-catenin polyclonal antibody (Santa Cruz), rabbit
anti-WNT1 polyclonal antibody (Abcam) and rabbit anti-Erk2 poly-
clonal antibody (Santa Cruz).

2.6. Microarray analysis

The microarray analysis was performed in NRPGM Microarray &
Gene Expression Analysis Core Facility (National Yang-Ming Uni-
versity, Taipei, Taiwan) using Affymetrix Chips Mouse 430 2.0
(USA).
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Fig. 3. PB but not DEN treatment could further increase the liver/body weight ratio of the transgenic mice with core or myc-F protein. (A) The timeline for the treatment of
DEN or PB in the wild-type mice or the transgenic mice with core or myc-F protein. Five-week-old mice were injected 200 mg/kg DEN once and sacrificed at the end of
53 weeks. Nine-week-old mice were treated with 0.07% PB in water till their sacrifice at the end of 53 weeks. (B) The liver/body weight ratio of the wild-type mice or the
transgenic mice with core or myc-F protein treated with DEN. (C) The liver/body ratio of the wild-type mice or the transgenic mice with core or myc-F protein treated with PB.
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Table 1
Change of the liver/body weight ratio of the mice after the treatment of DEN or PB.
DEN (+)/DEN (—) PB (+)/PB (—)
WT 0.09% 34.53%
Core 1a -9.76% 39.19%
myc-F -9.81% 38.32%

3. Results
3.1. The HCV ARF/F/core+1 proteins are labile in cultured cells

To study the role of core and F proteins in HCV pathogenesis,
transgenic mice with core or F protein were generated under the
control of the liver-specific albumin promoter. Unlike core protein,
authentic F protein expression could not be detected in Western
blotting analysis (data not shown). Failure to detect F protein
expression in the transgenic mice is not surprising because it is a
labile protein in HuH7 cells and in vitro [14,15,28]. To find an
ARF/F/core+1 fusion protein with a longer half-life, the stability
of different forms of ARF/F/core+1 protein fused with different tags
was compared in cultured cells. Among these recombinant fusion
proteins, F proteins with a myc-tag at their N-terminus make them
more stable(data not shown).

3.2. The liver/body weight ratio of the transgenic mice with core or F
protein is higher than that of wild type mice

Plasmids encoding F proteins with a myc-tag at its N-terminus
in the presence or absence of the N-terminal 10 amino acids over-
lapping with core protein were constructed for expression in the
transgenic mice. Due to unknown reasons, only the transgenic
mice with F protein in the absence of the N-terminal 10 amino
acids overlapping with core protein were generated successfully
(myc-F). Expression of HCV core or myc-F protein in the transgenic
mice could be detected in Western blotting analysis (Fig. 1A). The
liver/body weight ratio of the transgenic mice with core or myc-F
protein is higher than that of wild type mice (Fig. 1B). Increased
cell proliferation, increased liver inflammation or increased liver
cell size could result in higher liver/body ratio in the transgenic
mice with core or myc-F protein. Level of serum transaminases
(e.g., ALT, AST) was routinely checked to monitor the liver damage
in these transgenic mice. The levels of transaminases were not ele-
vated in the transgenic mice with core or myc-F protein when
compared with those in wild type mice (data not shown). The size
of liver cells remained unchanged in the transgenic mice with core
or myc-F protein compared with those in wild type mice when
hematoxylin and eosin staining was performed (data not shown).
These results indicated that both HCV core and myc-F proteins
could enhance cell proliferation in the transgenic mice. Indeed,
the cell proliferation marker PCNA gene expression was activated
by either core or myc-F protein (Fig. 1C). However, no tumor for-
mation was observed in these transgenic mice even up to 80 week-
s(data not shown).

The transgenic mice with core protein derived from HCV geno-
type 1b were also generated (Fig. 1D). The liver/body weight ratio

Table 2
The liver/body weight ratio of the transgenic mice after the treatment of DEN or PB.

of these transgenic mice is also higher than that of wild type mice
(Fig. 1B). However, no tumor formation was observed in these
transgenic mice(data not shown).

Expression of authentic F protein in the transgenic mice could
not be detected by Western blotting analysis, though the mRNA
expression could be detected by RT-PCR (Fig. 1E). The liver/body
weight ratio of the transgenic mice with F protein is also slightly
higher than that of wild type mice (Fig. 1B). As expected, no tu-
mor formation was observed in these transgenic mice(data not
shown).

3.3. WNT signaling pathway was activated by HCV core or myc-F
protein in the transgenic mice

Both core and myc-F proteins could induce liver cell prolifera-
tion in the transgenic mice (Fig. 1). To determine which cellular
genes were affected by core or myc-F protein, microarray analysis
was performed using mRNAs derived from the 53 week-old wild
type mice and the transgenic mice with either core or myc-F pro-
tein. Compared to the wild-type mice, gene expression, modulated
by core or myc-F protein more than fourfold in the transgenic mice,
was further analyzed by David Bioinformatics Resources 6.7
(http://david.abcc.ncifcrf.gov/). The most significant pathway acti-
vated by core or myc-F protein was WNT signaling pathway (data
not shown). Many ligands (WNT super-family), receptors and
genes enhancing this signaling pathway were up-regulated while
genes repressing this signaling pathway were down-regulated by
core or myc-F protein(data not shown). It has been demonstrated
that WNT-1 was up-regulated by core protein in cultured cells
[29]. However, unlike other WNT members (e.g. WNT6, WNT7a,
WNT9a) up-regulated more than four folds by core protein in the
microarray analysis, WNT-1 was only up-regulated slightly (data
not shown). To complement the information derived from the
microarray analysis, Western blotting analysis was performed. In-
deed, WNT-1 was up-regulated significantly by core or myc-F pro-
tein when determined by Western blotting analysis (Fig. 2A).
Casein kinase II, a positive regulator of WNT pathway, was also
analyzed by Western blotting. As shown in Fig. 2B, CKII B protein
was significantly activated by core or myc-F protein. To further
confirm the results from the microarray analysis, p-catenin and
its phosphorylated form were determined by Western blotting
analysis. The B-catenin protein was up-regulated by both core
and myc-F protein while its phosphorylated form was reduced by
either protein (Fig. 2C). The un-phosphorylated B-catenin protein
could go to nucleus and activate many genes, e.g. c-myc [30]. As
expected, the c-myc gene expression was activated by either core
or myc-F protein in the transgenic mice (Fig. 2D).

3.4. SMA protein expression was enhanced by core but not myc-F
protein in the transgenic mice

HCV core protein could promote liver fibrogenesis via up-regu-
lation of CTGF with TGF-B. The fibrosis marker SMA, expressed in
the fibroblasts and accumulated in the fibrotic tissue, was acti-
vated by core protein in HepG2 cells [31]. In agreement with the
findings in the cultured cells, expression of SMA was also enhanced

Treatment Liver/body weight ratio Compared with Wt (P-value)
Wild type DEN 0.051415 +0.001589 -
Core 1a DEN 0.051216 + 0.002703 P>0.05
myc-F DEN 0.050092 + 0.002309 P>0.05
Wwild type PB 0.066041 + 0.004543 -
Core 1a PB 0.078847 +0.012163 P<0.05
myc-F PB 0.076820 + 0.010091 P<0.05
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by core protein in the transgenic mice. On the other hand, expres-
sion of SMA protein was not enhanced by myc-F protein in the
transgenic mice (Fig. 2E).

3.5. PB but not DEN treatment could further increase the liver/body
weight ratio of the transgenic mice with core or myc-F protein

Both core and myc-F proteins could enhance liver cell prolifer-
ation though no tumor formation was observed in the transgenic
mice (Fig. 1B). It is well known that one tumor initiator in coop-
eration with one tumor promoter (e.g., DEN, as a tumor initiator,
and PB, as a tumor promoter) induces tumor formation, but nei-
ther one of them alone could induce tumor formation [32,33].
Therefore, another factor (e.g., a tumor initiator or a tumor pro-
moter) is probably needed to induce tumor formation in the
transgenic mice with core or myc-F protein. When treated with
DEN (Fig. 3A), the liver/body weight ratio of mice with or without
the transgenic gene was not increased comparing with that of
non-treated ones (Table 1). On the contrary, the liver/body weight
ratio of mice with or without the transgenic gene with PB treat-
ment was increased significantly comparing with that of non-trea-
ted ones (Fig. 3A and Table 1). When the transgenic mice with
core or myc-F protein were treated with DEN, the liver/body
weight ratio did not increase comparing with that of wild type
mice (Fig. 3B and Table 2). On the other hand, when the trans-
genic mice with core or myc-F protein were treated with PB, the
liver/body weight ratio was increased comparing with that of wild
type mice (Fig. 3C and Table 2). However, neither DEN nor PB
treatment induced tumor formation in the transgenic mice with
core or myc-F protein(data not shown).

4. Discussion

It has been demonstrated that HCV core protein induced the
formation of hepatocellular carcinoma in the transgenic mice
[21]. However, no tumor formation was observed in this study in
the transgenic mice with core proteins from different HCV geno-
types, even in the presence of DEN or PB(data not shown). It is pos-
sible that the mouse strain and/or the promoter used to express
the transgenes make the differences. It is interesting to point out
that core protein is more often to cause diseases in C57BL/6 mice
under the control of hepatitis B viral promoters [34]. Therefore, it
is not surprising that core protein did not induce tumor formation
in this study.

From the results of the microarray analysis, WNT signaling
pathway was the major pathway activated by core and myc-F pro-
teins (data not shown). Western blotting analysis showed that
HCV core and myc-F proteins up-regulated WNT1 and CKII pro-
teins, which in turn activated B-catenin (Fig. 2A-C). As expected,
c-myc protein, regulated by pB-catenin, was also up-regulated
(Fig. 2D). It is known that RB1, p53 and WNT pathways were com-
monly affected in HCCs of different etiology [35]. WNT-1 was re-
ported previously to be up-regulated by core protein in HuH7
cells [29]. The oncogene c-myc expression has also been demon-
strated to be activated by core or F protein in cultured cells
[19,36,37]. In agreement with these reports, the WNT signaling
pathway was activated by core and myc-F proteins in our trans-
genic mice. This could cause liver cell proliferation of the trans-
genic mice with core or myc-F protein (Fig. 1B and C). How core
or myc-F protein activates the WNT signaling pathway needs fur-
ther investigation.

The c-myc protein is a multifunctional, nuclear phosphoprotein
that plays a role in cell cycle progression, apoptosis and cellular
transformation [38]. Protein kinase CK2 also plays a central role
in the control of a variety of pathways in cell proliferation,

transformation, apoptosis and senescence [39]. Both core and
myc-F proteins could have oncogenic potential through up-regula-
tion of c-myc and CK2 proteins (Fig. 2).

Both core and myc-F proteins could induce liver cell prolifera-
tion (Fig. 1). PB (as a tumor promoter), but not DEN treatment,
could further cooperate with core or myc-F protein to increase
the liver/body weight ratio (Table 2). Therefore, core and myc-F
proteins may play a role to induce cell transformation, both act
similarly as a tumor initiator. This is supported by the identifica-
tion of WNT signaling pathway activated by core and myc-F pro-
teins using microarray analysis and Western Dblotting
analysis(data not shown and Fig. 2). On the other hand, core
and myc-F proteins could perform different functions, e.g. core,
but not myc-F protein, could increase SMA gene expression
(Fig. 2E).

Similar to myc-F protein, the authentic F protein, though labile,
could still increase the liver/body weight ratio to a less extent
(Fig. 1B). Therefore, myc-F protein acted as a stabilized form of F
protein in the transgenic mice just like they were in cultured cells(-
data not shown). In conclusion, both HCV core and F proteins could
enhance liver cell proliferation in the transgenic mice possibly
through the activation of WNT signaling pathway.
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