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Abstract: Objective: To study the roles of different truncated hepatitis C virus (HCV) core proteins (CORE) in the pathogenesis
of HCV persistent infection and hepatocellular carcinoma (HCC) and to assess intracellular localization in transiently transfected
cells. Methods: Seven truncated CORE-GFP (green fluorescent protein) fusion protein expression plasmids were constructed,
which contained HCV CORE sequences derived from tumor tissues (BT) and non-tumor tissues (BNT) from one patient infected
with HCV. Amino acid (aa) lengths were BT: 1-172 aa, 1-126 aa, 1-58 aa, 59-126 aa, 127-172 aa; BNT: 1-172 aa and C191:
1-172 aa respectively. Subcellular localization of CORE-GFP was analyzed by con-focal laser scanning microscope. Apoptosis
and necrosis were quantified by flow cytometry. Results: Different truncated CORE-GFP localized mainly in the cytoplasm, but
nuclear staining was also observed. HCV CORE could induce apoptosis and necrosis, and different truncated COREs could induce
cell apoptosis and necrosis at different levels. Among the same length 1-172 aa of BT, BNT and C191, the cell apoptosis and
necrosis percentage of BT is highest, and C191 is the lowest (BT>BNT>C191). To the different fragment COREs of BT,
N-terminal of CORE induced apoptosis and necrosis higher, compared with that of C-terminal (1-172 aa>1-126 aa>1-58
aa>127-172 aa>59-126 aa). Conclusion: These results suggest HCV CORE could induce apoptosis and necrosis of cells, which
might play an important role in the pathogenesis of HCV persistent infection and HCC and the different CORE domains of dif-
ferent HCV quasi-species might have some difference in their pathogenesis.
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INTRODUCTION but results have been conflicting and both proapop-
totic and antiapoptotic effects were attributed to
CORE in different experimental conditions. Different

truncated forms of CORE have been described. Fur-

The hepatitis C virus (HCV) is a major cause of
chronic liver disease, liver cirrhosis and hepatocellu-

lar carcinoma (HCC). The pathogenesis of liver cell
damage in hepatitis C (HC) and the role of viral pro-
teins are partially understood (Suzuki et al., 1999).
The HCV core protein (CORE) has been implicated in
the regulation of cellular events, including apoptosis,
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thermore, different domains of CORE have different
functions (Jin et al., 2000; Sabile et al., 1999).
N-terminal 1-50 amino acid (aa) contains an RNA
and DNA binding domain, nuclear localization sig-
nals (NSL). C-terminal 91-191 aa inactivates and
binds to Leucine zipper (Jin et al., 2000) and 160—194
aa to apolipoprotein II (Sabile et al., 1999). The
C-terminal domains contain hydrophobicity residues.
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In most studies CORE was expressed in single
clones of permanently transfected cell lines, while,
more recently, transiently transfected cells were also
used (Otsuka et al., 2002). These studies found that
CORE affects normal cellular functions, such as cell
proliferation and cell death, being involved, either
directly or indirectly, in HCV hepatocarcinogenesis.
Full-length CORE localizes in the cytoplasm and
associates with endoplasmic reticulum (ER) and lipid
droplets (Hope and McLauchlan, 2000). Truncated
CORE forms, deleted of one or both C terminus hy-
drophobic domains, are localized in the nuclei (Ya-
manaka et al., 2002; Schwer et al., 2004; Xu et al.,
2003). To further clarify the role of CORE in vivo, we
have expressed several different truncated forms of
CORE of different HCV strains derived from patient
B-HCC tumour tissues (BT) caused by HCV infection,
patient B-HCC non-tumour tissue (BNT) caused by
HCV infection and C191 (HCV-J6), all belong to
HCV genotype 1b, in transiently transfected HepG2
cells. The CORE proteins were fused with the green
fluorescent protein (GFP) to allow analysis of sub-
cellular localization in HepG2 by confocal laser
scanning microscopy. Apoptosis and necrosis in
transfected cells was quantified by flow cytometry.

MATERIALS AND METHODS

CORE gene amplification and plasmid construc-
tion

Seven different truncated CORE-GFP fusion
plasmids were constructed (Figs.1 and 2). Different
truncated CORE nucleotide sequences were amplified
from pGEX 4T-1/HCV-CORE, containing CORE
sequences from BT, BNT and C191 (HCV-J6) re-
spectively. Sequence analysis revealed that BT, BNT
and C191 were all HCV genotype 1b. The primers
were designed according to the CORE gene sequence
of BT, BNT and C191 (Table 1).

Polymerase chain reaction (PCR) reaction sys-
tem (50 pl): HyO 40.5 pl, Buffer (10x) 5 pl, Template
(45 ng) 1 pl, Primer up (20 pmol/L) 1 pl, Primer down
(20 pmol/L) 1 pl, dNTP (20 mmol/L) 1 ul, Expand
high enzyme 0.25 pl, 94 °C 2 min, 94 °C 30 s, 50 °C
30s,72°C30s, 10 cycles, 94 °C 305, 55 °C 30's, 72
°C 30 s, 20 cycles, 72 °C 7 min. PCR products were
purified and cleaved with restriction enzymes Nhe I

and EcoR I, then re-purified, and cloned into Nhe I
and EcoR I-digested and purified pEGFP-N1 to yield
CORE-GFP fusion protein plasmids (Fig.2). Positive
clone were selected by PCR and sequence analysis.

Cell culture and transfection

Human hepatoma HepG2 was grown in Dul-
beco’s modified eagle medium (DMEM, Life Tech-
nologies) supplemented with 10% fetal calf serum
(FCS: Life Technologies), Cells were incubated for
10 h and then transfected with Effectene Reagent
(Lipofectamine 2000) following the manufacturer’s
instructions. Two pg of different truncated plasmids
were used to achieve transfection. After 6 h, the me-
dium was changed and cells were incubated for a
further 48 h.

Confocal microscopy

Forty-eight hours after transfection, images of
living cells were obtained with direct confocal mi-
croscope and argon or HeNe laser excitation. Sub-
cellular localization of CORE-GFP was analyzed.

Flow cytometric analysis of apoptosis and necrosis

The apoptosis and necrosis percentage of cells
transfected with different truncated CORE was
compared 48 h after transfection. Cells were detached
with 0.25% trypsin and washed twice with phos-
phorate buffered saline . To cells in 100 ul of PBS was
added anti-annex-V at room temperature for about 10
min, then propidine iodide for 10 min. Finally 400 ul
of the binding buffer was added. Cells were analyzed
by flow cytometry.

RESULTS

Subcellular localization of different truncated
HCV CORE

To investigate the intracellular distribution of
different truncated CORE-GFP chimeric proteins in
living cells, images of single transfected cells were
obtained with confocal microscopy as shown in Fig.3.
Cells transfected with different truncated CORE
fused with GFP mainly showed granular cytoplas-
matic pattern associating with ER (Fig.3a), also with a
subpopulation of cells also showing nuclear staining
(Fig.3b).
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Fig.1 Schematic representation of the open reading frame
encoding various truncated CORE. Functional domains
are shown in shadowed boxes along the diagrams. All of
them fused to GFP N-terminal
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Fig.2 Schematic representation of different plasmid con-
struction: Different truncated CORE were inserted into
MCS: Nhe I and EcoR I to yield CORE-GFP fusion protein
expression plasmids

Table 1 Primers of different truncated CORE gene amplification

Name Primer up (location) Primer down (location)

BT: 1-172 aa CGCGCTAGCATGAGGCACGAATCC (1-14) CCGGAATTCGCAACCGGGCAG (505-516)

BT: 1-126 aa CGCGCTAGCATGAGCACGAATCC (1-14) CCGGAATTCGAGGGTATCG (369-378)

BT: 1-58 aa CGCGCTAGCATGAGCACGAATCC (1-14) CCGGAATTCAGGTTGTGACCGC (162-174)

BT: 59-126 aa CGCGCTAGCATGCCGCGTGGATCC (175-185) CCGGAATTCGAGGGTATCG (369-378)
BT:127-172 aa CGCGCTAGCATGCCGCGTGGATCC (379-391) CCGGAATTCGCAACCGGGCAG (505-516)

BNT: 1-172 aa CGCGCTAGCATGAGCACGAATCC (1-14) CCGGAATTCGGCAACCGGGCAGATTC (505-516)

C191: 1-172 aa CGCGCTAGCATGAGCACAAATCC (1-14)

CCGGAATTCGGCAACCGGGCAAATTC (505-516)

GCTAGC: Nhe I; GAATTC: EcoR I

@

(b)

Fig.3 CORE-GFP localization in HepG2 cells. The confocal microscope setting for GFP detection was the same for all
captured images: 488 nm excitation emission, laser power 10%, Iris1.8, Gain 75, background —10, emission filter 514/30.
(a) CORE is only expressed in the cytoplasm associating with ER; (b) CORE is expressed not only in the cytoplasmic

associating with ER but also in nuclear

Apoptosis and necrosis quantification in CORE
expressing cells

The percentage of transfected cells showing
apoptosis and necrosis was at least fifteen times as
high among cells compared to control group. There-

fore, HCV (genotype 1b) CORE could induce apop-
tosis and necrosis in transiently transfected HepG2.
With the same length (N terminal 1-172 aa) among
the different HCV strains BT, BNT and C191, CORE
from the BT and BNT induced apoptosis higher than
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that of C191, and BT induced apoptosis and necrosis
higher than those of BNT (BT>BNT>C191). In the
same HCV strain, different truncated CORE induced
apoptosis and necrosis at different levels, the longer
the fragment, the higher the apoptosis and necrosis,
and with N-terminal being higher than that of the
C-terminal, the middle domain of CORE (59-126 aa)
induced apoptosis and necrosis lower than those of
the other truncated COREs derived from the same BT
strain  (1-172 aa>1-126 aa>1-58 aa>127-172
aa>59-126 aa). The results are summarized in Table 2.

Table 2 Apoptosis and necrosis induced by the dif-
ferent truncated HCV-CORE

Apoptosis Necrosis
(annex V'/PI")  (annex V'/PI")

Control 2.13 0.2

C191: 1-172 aa 36.6 0.57
BNT: 1-172 aa 53.9 1.68
BT: 1-172 aa 70.0 3.19
BT: 1-126 aa 60.4 1.61
BT: 1-58 aa 62.1 1.25
BT: 59-126 aa 40.2 0.41
BT: 127-172 aa 59.5 0.76

DISCUSSION

The mechanisms leading to liver cell injury, in-
flammation, and fibrosis in chronic HC, are not fully
understood. However, there is evidence to suggest
that apoptosis of liver cells may play a significant role
in the pathogenesis of HC (Sabile et al., 1999). In this
study, we used a novel approach of transient expres-
sion of different truncated GFP-CORE to assess the
function of these viral products. By using flow cy-
tometry, we found that HCV-CORE exerted
proapoptotic and pronecrosis effects.

Since HCV genome exhibits a considerable de-
gree of variation, it is currently classified into 6
genotypes and more than 60 subtypes. Even in the
same subtype, there exist quasi-species. However,
CORE encoding genome among different genotypes
is highly conserved. The nucleotide (nt) (Delhem et
al., 2000) and aa sequences of BT, BNT, C191, have
high homology at aa and nucleotide (nt) levels (data
not shown). BT did not contain specific motif, but
CORE containing the same length (1-172 aa) from

BT, BNT and C191 induced apoptosis and necrosis at
different levels. CORE from BT and BNT induced
apoptosis higher than those of C191, and BT induced
apoptosis and necrosis higher than those of BNT.
Factors leading to CORE function differences of
different HCV strains might be due to not only the
CORE nt and aa sequence differences, but also to the
conformation differences and host immune environ-
ment differences. But the exact mechanisms of BT
and BNT induced apoptosis and necrosis being higher
than those of C191, and those of BT being higher than
those of BNT require further study.

Different domains of CORE have different
functions (Jin et al., 2000; Sabile et al., 1999). Ver-
satile functions of HCV CORE have been mapped to
its N-terminal half. N-terminal is hydrophilic and
contains clusters of basic aa residues which serve as
NLS. The C-terminal domains contain hydrophobic-
ity residues. CORE affects normal cellular functions,
such as cell proliferation and cell death, being in-
volved, either directly or indirectly in HCV hepato-
carcinogenesis. We found that in different truncated
CORE from the same strains derived from BT, the
longer the truncated fragment, the higher the apop-
tosis and necrosis. N-terminal of CORE induced
apoptosis and necrosis higher than those of
C-terminal. The middle domain has the lowest in-
duced apoptosis and necrosis percentages, which
further showed that different domains of CORE in-
deed have some difference in their functions, espe-
cially those affecting cell apoptosis and necrosis, and
that the function of CORE might depend on its con-
formation.

CORE could contribute to the development of
HCC by promoting and perpetuating chronic in-
flammation and continuous regeneration of hepatic
cells resulting in tumorigenesis. e.g., CORE may
promote the apoptosis of immune cells during HCV
infection via the Fas signaling pathway. CORE causes
anti-apoptosis via activation of NF-kappaB (Koun-
touras et al., 2003) and may be implicated in a
mechanism by which HCV may evade the host’s
immune surveillance leading to viral persistence and
possibly to hepatocarcinogenesis; CORE inhibits
pS53-mediated apoptosis by blocking the interaction
between p53 and ASPP2, without modulating the
transcriptional activity of p53, which plays a role in
oncogenesis of HCC; CORE may also inhibit apop-
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tosis through augmentation of Bcl-x expression, re-
sulting in inhibition of caspase 3 activation (Koun-
touras et al., 2003). In this study, we found that the
truncated COREs have proapoptotic and pronecrosis
effects on transiently transfected HepG2 cells. CORE
induced apoptosis and necrosis of infected hepato-
cytes, might reflect another important role of CORE
in liver damage during chronic infection. It was pro-
posed that the proapoptotic effect of CORE could
contribute to the development of HCC by promoting
continuous regeneration of hepatic cells (Delhem et
al., 2000). On the other hand, apoptosis induced by
different truncated COREs may also represent a
mechanism for viral shedding rather than a mecha-
nism for viral elimination. Recently, a different abil-
ity of nuclear and cytoplasmic forms of CORE in
regulating p21 expression was described (Yamanaka
et al., 2002), suggesting that the amount of nuclear
protein could be important not only in inducing
apoptosis but also in the regulation of the cell cycle.
Even if we have not been able to demonstrate a sig-
nificant effect of CORE on cell growth, it cannot be
excluded that cells resistant to CORE mediated
apoptosis could have enhanced growth and a replica-
tive cycle. This is in agreement with the demonstra-
tion of an accelerated cell cycle coexisting with
apoptosis induction in cell clones expressing CORE.

The apoptotic process appears to be a host de-
fence mechanism against viral infections. However,
many viral genomes encode proteins which repress
apoptosis so as to escape from immune attack by the
host. Therefore, virus-host interactions may deter-
mine viral persistence, extent and severity of liver
inflammation. HCV E2 and NS5A proteins of HCV
inhibit the activity of protein kinase R (PKR) (Ray
and Ray, 2001; Taylor et al., 1999). Recent studies
found that CORE increases PKR activity (Delhem et
al., 2000; Francois et al., 2000; Realdon et al., 2004)
and expression of 2'—5' oligoadenylate synethase in
the liver (Naganuma et al., 2000). Eventually CORE
can decrease the suppression effect of E2 and NASA
on PKR, which keep PKR activity to a suitable level.
Firstly, it is advantageous to keep viral replication at a
lower level and to prevent persistent infection. Oth-
erwise, if all proteins of HCV inhibit high PKR ac-
tivity, HCV could replicate rapidly, leading to much
hepatocyte apoptosis and necrosis and much HCV
that is disadvantageous for escaping host immune

surveillance. It is also advantageous for HCV to select
the hepatocarcinogenesis virus strains that can resist
the anti-viral and pro-apoptotic action of PKR and
resist the host immunity aggression (Delhem et al.,
2000).

Regarding the HCV-induced apoptotic mecha-
nism, the core protein, although a structural compo-
nent of the virus, may have a regulatory function in
modulating apoptosis by either enhancing or inhibit-
ing it. In particular, the core protein exhibits both
proapoptotic or antiapoptotic actions, and different
experient found different expression sites in the sub-
cellular level, depending on experimental conditions
such as CORE from different HCV strains, different
truncated forms of CORE and types of cells used
(Sabile et al., 1999).

By using confocal analysis, we found that CORE
of genotype 1b mainly expressed in the cytoplasm
associating with ER. To CORE of the same strains
from HCC tissue, different truncated COREs local-
ized mainly in the cytoplasm, although nuclear
staining was also observed. Without comparing the
mean fluorescence intensity of cytoplasm and nuclear
staining of different truncated COREs, we did not
find the expression site difference of different trun-
cated COREs. Since some studies showed that nu-
clear localization of CORE has been previously
shown to occur only with C-terminus deleted forms
(Yamanaka et al., 2002; Delhem et al., 2000; Na-
ganuma et al., 2000; Schwer et al., 2004; Xu et al.,
2003), this would suggest that apoptosis could be
mediated also in such conditions by truncated forms
of COREs generated by in vivo cleavage.

In conclusion, we have shown that COREs are
mainly localized in the cytoplasm and induce apop-
tosis and necrosis in HepG2.
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