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Abstract. High level expression of hepatitis C virus core
protein (HCV-C) was detected in hilar cholangiocarcinoma
tissues in our previous studies. This protein played an
important role in the process of cancer cell inversion and
proliferation, by some direct and indirect effects on certain
genes. Based on this observation, we investigated the effect
of HCV-C on human normal biliary epithelial (hBE) cell
transformation and tumor development. Plasmid pHCV-C
encoding the gene of HCV core protein was constructed and
transfected into hBE cells. The expression and the bio-logical
effect of HCV-C in HCV-C gene-modified hBE cells were
determined in vitro and in vivo. The clone formation rates of
hBE cells transfected with pHCV-C, pcDNA3.1 and mock-
transfected cells were 36, 2.5 and 1.5%, respectively. Tumor
developed in 7 of 7 nude mice after incubated with pHCV-C
transfected hBE cells, while no tumor appeared in mice
injected with pcDNA3.1- and mock-transfected hBE cells. To
investigate the possible mechanism of malignant transfor-
mation, we further studied the telomerase activity and human
telomerase reverse transcriptase (hTERT) expression in
pHCV-C transfected hBE cells. The elevated expression of
hTERT was confirmed by RT-PCR, immunocytochemistry
(ICC) and Western blot analysis, which in turn elevated the
telomerase activity, confirmed by TRAP-ELISA. These results
indicated that HCV-C protein could participate in malignant
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transformation of human normal biliary epithelial cells and
induce cholangiocarcinoma tumorigenesis, and the activation
of telomerase was one of the possible mechanisms.

Introduction

HCV-C gene encodes hepatitis C virus core protein, which
possesses wide reverse activating effect (1). It has been
validated that the expression of HCV-C in transgenic mice
induces hepatocellular fatty degeneration and development of
hepatocellular carcinoma. Hence, HVC-C is considered to be
one of the etiological factors of liver cancer (2).
Cholangiocarcinoma originated from the malignant trans-
formation of biliary tract endothelial cells. High level expres-
sion of HCV-C in hilar cholangiocarcinoma tissues indicated
that HCV-C protein play an important role in the process of
cancer cells inversion and proliferation, through some direct
or indirect effects on certain oncogenes, tumor suppressor
genes and cell apoptosis (3). However, in most of the pervious
studies, cholangiocarcinoma cell lines, but not normal biliary
tract endothelial cells, were used to investigate the mechanism
of cholangiocarcinoma generation (4-6). In this study, a human
normal biliary tract endothelial cell (hBEC) line was used to
investigate the tumorigenesis ability of HCV-C and its potential
mechanism. Our data indicate that HCV-C protein was able
to induce malignant transformation of hBE cells, and the
activation of telomerase was one of the possible mechanisms.

Materials and methods

Cell lines and animals. hBE cells is a human normal biliary
tract endothelial cell line, kindly provided by Professor S.M.
Cruickshank (7). QBC939 is a hilar cholangiocarcinoma cell
line (8), kindly presented by Professor S.-G. Wang from the
Third Military Medical University. Cells were cultured at 37°C
in 5% CO, in DMEM/F12 medium supplemented with
human recombinant epidermal growth factor (10 pug/l,
Sigma), 3-iodina-L-thyronine (5 pg/l, Sigma), hydrocortisone
(0.4 mg/l, Sigma), insulin (5 mg/l, Sigma), human recombi-
nant hepatic cell growth factor (5 pg/l, Sigma) and 10% fetal
bovine serum.

Nude Balb/C mice, male, aged 6-8 weeks and weighing
20-24 g, were used in this study. All animals were housed
in an environmentally controlled facility with a 12-h lighting.
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They were given free access to standard chow and water. All
animals were handled in accordance with the Institutional
Guidelines for the Care and Use of Laboratory Animals.

Plasmid construction. A cDNA clone (Blue4/C5p-1) of strain
HCV-1 was used as a template for amplification of the core
region (amino acids 1-191) by PCR. Two synthetic oligo-
nucleotide primers, (sense: 5'-CCGGATCCATGAGCACA
AATCCT-3'"; antisense: 5'-GGAAGCTTAGTGGAAA
CTGGGACGG-3'), were used for PCR amplification by a
procedure similar to Hiramatsu et al (9). The amplified DNA
was inserted into the BamH I/Hind III site of the pcDNA3.1
mammalian expression vector (Invitrogen, San Diego, CA),
constructing the HCV-C expressing plasmid pHCV-C.
Subsequently, the DNA sequence of HCV core protein in
pHCV-C was sequenced.

hBE cell transfection and screening. hBE cells were seeded
in 6-well plates before transfection and incubated at 37°C in
5% CO,. Five micrograms of plasmids pHCV-C was
transfected into hBE cells with lipofectamine kit (Invitrogen),
pcDNA3.1 as vector control. Stably expressing cells (hBEC-
HCV-C) were obtained after screening in culture medium
with G418 (800 ug/ml) for three weeks. Growth morphology
and characteristics were carefully observed.

RT-PCR analysis. RT-PCR was performed to examine the
expression of HCV-C or hTERT. Total-RNA was isolated
using TRIzol reagent (Invitrogen). RNase-free DNase
(Promega) was used to eliminate the possibility of plasmid
DNA contamination. Five micrograms of total-RNA was
transcribed into cDNA by using AMV Reverse Transcriptase
(Promega). Primers for HCV-C (sense: 5'-GCACAAATCCT
AAACTC-3'; antisense: 5'-GGACGGTCAGACAGGACAG
CA-3') and for hTERT (sense: 5-CGGAAGAGTGTCTGGA
GCAA-3'"; antisense: 5'-GGATGAAGCGGAGTCTGGA-3'")
were used for PCR amplification. The amplification was
initiated with 5 min of denaturation at 94°C, followed by 30
cycles at 94°C for 1 min, 55°C for 1 min and 72°C for 90 sec.
After the last cycle of amplification, the samples were
incubated for 7 min at 72°C. The PCR products were
analyzed by ethidium bromide staining on 1.5% agarose gels.

Immunocytochemistry and immunohistochemistry. Immuno-
cytochemistry (ICC) and immunohistochemistry (IHC) were
performed to detect the expression of HCV-C using a Dako
EnVision™ System (Peroxidase). Mouse anti-HCV core
antigen monoclonal antibody (Abcam plc.) was used as a
primary antibody. Diaminobenzidine was used as the chromo-
gen and cells were counterstained with hematoxylin.

Western blot analysis. Cell lysates were separated by SDS-
PAGE and transferred to a PVDF membrane. Blots were
visualized with a Phototope-HRP Western blot detection system
(New England BioLabs). Briefly, membranes were blocked
with 5% non-fat dry milk powder in TTBS (20 mM Tris-HCI,
pH 8.0, 0.8% NaCl, 0.1% Tween-20) overnight at 4°C,
followed by a 4-h incubation in the presence of corresponding
antibodies for HCV-C or hTERT (1:1000 dilutions) at room
temperature. Blots were rinsed with TTBS solution, and
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incubated with the secondary antibody, HRP-linked anti-
mouse IgG (Santa Cruz, 1:1000) for 2 h. After rinsing, blots
were incubated with LumiGLO™ (New England BioLabs) for
1 min and exposed to X-ray film.

Cell proliferation assay. hABEC-HCV-C cells, hBEC-pcDNA
3.1 cells and mock-transfected hBE cells were suspended and
seeded in 6-well plate with a concentration of 2x10° per well.
The cells were incubated at 37°C in 5% CO, in DMEM/ F12
medium for 24, 36, 48, 60 and 72 h separately, and then
collected by trypsinization. Cells were counted under micro-
scope by three researchers, respectively.

Soft agar assays. Soft agar dishes were prepared with an
underlayer of 0.75% agarose (Sigma) in DMEM/F12 sup-
plemented with 10% fetal calf serum. Cells were suspended
and seeded in the dishes. The dishes were examined micro-
scopically for colony formation after incubation for 14 days.
The data were expressed as the percentage of colonies
containing more than 50 cells 2 weeks after plating.

Tumorigenesis in vivo. Twenty-eight nude/BalbC mice were
randomly divided into 4 groups. hBE cells, hBEC-pcDNA
3.1 cells, hBEC-HCV-C cells and QB939 cells (5x10°) were
subcutaneously injected to the flank of nude/BalbC mice,
respectively. The body weight of mice and size of tumor were
measured once a week. The mice were sacrificed 40 days
later. The tumor tissues were removed, fixed with 4% formalin
and paraffin embedded. H&E staining and immunohisto-
chemical staining were carried out.

TRAP-ELISA. The telomerase activity was examined by
telomere repeat amplification protocol hybridization analysis.
Briefly, the cells were collected by trypsinisation and washed
twice with ice-cold PBS solution. Cells (1x10°) were used for
the following TRAP-ELISA assay, and the process was
performed according to the introduction of TRAP-Hyb kit.
Positive and negative control was set with those provided in
the kit. The hybridization result was detected with ELX800,
and the OD value was under 450/595 nm. The OD value of
negative control was calculated as 0.05 when its real level was
<0.05. The positive result of telomerase activity was defined
when the sample OD level was no less than 2.1 times that of
negative control.

Results

Identification of pHCV-C. Plasmid pHCV-C was digested with
Xhol and HindIIl. The size of the bands correlated to the
expected size of the products, which were 580 bp and 5.8 kb,
respectively (data not shown). Sequencing analysis showed that
the sequence of cloned HCV-C gene was the same as that
published previous (GenBank Accession no. DQO071885).

HCV-C expression in hBEC-HCV-C cells. HCV-C mRNAs
were detected in pHCV-C transfected hBE (hBEC-HCV-C)
cells by RT-PCR analysis, while none were detected in
pcDNA3.1-transfected hBE (hBEC-pcDNA3.1) cells or
parent hBE cells (Fig. 1A). Western blot analysis showed the
expression of HCV-C protein in hBEC-HCV-C cells, but not
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Figure 1. HCV-C expression in pHCV-C transfected hBEC. (A), RT-PCR
analysis of the expression of HCV-C antigen in transfected hBEC. Total
cellular RNAs of pHCV-C transfected hBEC (hBEC-HCV-C) cells,
pcDNA3.1-transfected hBEC (hBEC-pcDNA3.1) cells and mock-trans-
fected hBEC were isolated, HCV-C mRNAs were detected by RT-PCR
amplification, with B-actin used as the internal control (HCV-C 580 bp, B-actin
417 bp). (B), Western blot analysis of the expression of HCV-C antigen in
transfected hBEC.

in hBEC-pcDNA3.1 cells or hBE cells (Fig. 1B). Immuno-
cytochemical analysis confirmed the expression of HCV-C
protein in hBEC-HCV-C cells, which located in the cellular
plasma (Fig. 2). Morphological observation found that
nucleus enlarged in HCV-C-positive hBE cells, indicating its
malignant transformation.

Cell proliferation and clone formation. hBEC-HCV-C cells
showed a higher proliferating ability than hBEC-pcDNA 3.1
cells and mock-transfected hBE cells. The doubling time of
hBEC-HCV-C cells was 24.2 h, while those of hBEC-
pcDNA 3.1 cells and mock-transfected hBE cells were 39.6
and 39.9 h, respectively (Fig. 3). The results suggested the
expression of HCV-C could promote the proliferation of hBE
cells and result in immortalization.
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Figure 3. The effect of HCV-C gene transfection on hBE cells proliferation.
hBEC-HCV-C cells, hBEC-pcDNA 3.1 cells and mock-transfected hBE
cells were suspended and seeded in 6-well plate with a concentration of
2x10° per well. The cells were incubated at 37°C in 5% CO, in DMEM/F12
medium. Cells were counted 24, 36, 48, 60 and 72 h later.

hBEC-HCV-C cells, hBEC-pcDNA 3.1 or mock-trans-fected
hBE cells were suspended and seeded in soft agar dishes
seperately, and cell clones, which containing more than 50
cells, were counted 2 weeks after plating (Fig. 4A). The
clone formation rate of hBEC-HCV-C cells was signifi-
cantly higher than those of pcDNA3.1-transfected or mock-
transfected hBE cells (p<0.05) (Fig. 4B).

Tumorigenesis in vivo. To investigate the oncogenicity of
HCV-C, hBEC-HCV-C cells, QBC939 cells, pcDNA3.1-
transfected or mock-transfected hBE cells were incubated
into the flank of nude mice separately. Tumor occurred in 7/7
nude mice injected with hBEC-HCV-C cells or QBC939 cells
18 days after inoculation. The volume and weight of tumor,
on the 40th day, were (2.68+0.69) cm3/(2.76+£0.57) g for
hBEC-HCV-C cells and (2.89+0.83) cm?/(2.92+0.61) g for
QBC939 cells. However, no tumor appeared in the other two
groups. H&E staining showed that tumors tissue presented the
same pathologic changes as cholangiocarcinoma, and cancer
cells appeared heteromorphy (Fig. 4C). Fibrous connective
tissues separated the cancer tissues into several cancer nests.

Figure 2. Immunocytochemical analysis of the expression of HCV-C antigen in transfected hBEC. hBE cells tranfected with pHCV-C (A) or pcDNA3.1
plasmid (B) were screened with G418 (800 pg/ml) for 3 weeks. The expression of HCV-C antigen was checked by immunocytochemistry. Mouse anti-HCV
core antigen monoclonal antibody was used as a primary antibody. Diaminobenzidine was used as the chromogen and cells were counterstained with

hematoxylin. Brown staining indicates the expression of HCV-C (ICC x400).
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Figure 4. The clone formation and tumorigenesis of pHCV-C-transfected hBEC (hBEC-HCV-C). (A), One of hBEC-HCV-C cell clones formed in soft gel.
(B), The rates of clone formation of hBEC-HCV-C cells, hBEC-pcDNA 3.1 cells and mock-transfected hBEC. (C), H&E staining showing tumor tissues with the
same pathological changes as cholangiocellular carcinoma (x200). (D), Immunohistochemical staining of tumor tissues formed by hBEC-HCV-C cells.
Brown staining indicates the HCV-C positive signal, hematoxylin was used for counterstaining (x400).
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Figure 5. hTERT expression in pHCV-C transfected hBEC. (A), RT-PCR
analysis of the expression of hTERT. Total cellular RNAs of hBEC-HCV-C,
hBEC-pcDNA3.1 and hBEC were isolated, hTERT mRNAs were detected
by RT-PCR amplification, with B-actin used as the internal control (hTERT,
152 bp; B-actin, 417 bp). (B), Western blot analysis of the expression of
hTERT in hBEC-HCV-C, hBEC-pcDNA3.1 and hBEC. QBC939 used as
positive control.

Immunohistochemical staining showed the expression of
HCV-C in cellular plasma (Fig. 4D).

HCV-C up-regulated telomerase activity by up-regulating the
expression of hTERT in hBEC-HCV-C cells. To investigate
the mechanism of malignant transformation of hBE cells
induced by HCV-C, we further studied the telomerase activity
in hBEC-HCV-C cells. A positive telomerase activity in hBEC-
HCV-C cells, as well as QBC939 cells, was detected, but not
in hBEC-pcDNA 3.1 or mock-transfected hBE cells. The OD

values of hBEC-HCV-C cells and QBC939 cells were
0.4025+0.0872 and 0.5314+0.0967, respectively, significantly
higher than those of hBEC-pcDNA 3.1 cells (0.0681+0.0531)
and mock-transfected hBE cells (0.07300+0.0621) (p<0.05).
The result suggested that HCV-C could up-regulate the
telomerase activity in hBEC-HCV-C cells.

In further research, hTERT mRNA and protein were
detected in hBEC-HCV-C cells by RT-PCR and Western blot
analysis. However, there were almost no hTERT mRNA and
protein found in hBEC-pcDNA 3.1 cells or mock-transfected
hBEC (Fig. 5). These results hinted that HCV-C was able to
elevate the expression of hTERT, which in turn promotes the
activity of telomerase and results in cell immortalization.

Discussion

Hepatisis C virus (HCV) has been the focus of numerous
previous studies in carcinogenesis. Increasing evidence
suggests that HCV antigens affect multiple cellular processes
and play an important role in cholangiocarcinogenesis (10-12).
However, it is difficult to evaluate the functional effects of
HCV core antigen when it is expressed together with other
viral proteins.

In this research, human normal biliary tract endothelial
cells were transfected with recombinant plasmid encoding
HCYV core antigen, pHCV-C, and a cell model expressing only
HCV-C core antigen (HCV-C) was established. Furthermore,
the effects of HCV-C on the biological properties of the human
biliary tract endothelial cells were studied. We observed
morphological changes of the cells expressing HCV-C after
transfection. The biological properties of the cells exhibited a
dramatic alteration compared to control cells: a) majority of
the cells exhibited a cholangiocarcinoma-like phenotype,
consistent with the results from other studies on primary human
hepatocytes (13,14); b) The growth rate and colony-forming
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y of HCV-C to alter the proliferation properties of
hBE cells was similar to the results from other studies, which
examined the effects of HCV-C on the growth of the cells from
other sources, such as primary human hepatocytes, mouse
fibroblast cells and primary rat embryo fibroblasts (15).
Collectively, it was speculated that the cells expressing HCV-
C had a tendency of malignancy conversion.

The biological properties of the cells expressing HCV-C
were further investigated in nude mice by subcutaneous
inoculation of the cells transfected with plasmid pHCV-C.
Results showed that 7/7 nude mice, inoculated with the HCV-
C-positive cells, generated tumors 18 days later. Histological
phenotypes of the tumors were consistent with those of
cholangiocarcinoma. Our findings provide further evidence
to pathomorphology that HCV-C-expression leads to the
malignant conversion of the human normal biliary tract
endothelium-derived cell lines (hBEC).

Immortalization of human cells requires the reactivation
of the telomere-lengthing enzyme, telomerase (16-18), as the
maintenance of telomeres is required for cells to escape from
replicative senescence and proliferate indefinitely (19-21). It
is possible that the cells will be irretrievably committed to
growth once the telomerase is activated (22). In our research,
hBE cells transfected with HCV core gene exhibited distinct
telomerase activity as observed with positive control HelLa
cells and cholangiocarcinoma QBC939 cells. However,
telomerase activity was not detected in the pcDNA3.1
transfected hBE cells. These results suggested that
telomerase was reactivated in pHCV-C transfected human
hBE cells and resulted in immortalization.

Human telomerase is composed of human telomerase RNA,
telomerase-associated protein 1, and human telomerase reverse
transcriptase (hTERT) (23,24). hTERT is believed to be a
major determinant of telomerase activity. In our study, both
hTERT protein and mRNA expression was up-regulated in
hBE cells transfected with pHCV-C, but not in pPCDNA3.1 or
mock-transfected hBE cells, as also observed in various
cancer cells (25-27).

In conclusion, HCV-C was able to induce the malignant
transformation of human biliary epithelial cells, and the
activation of telomerase may be involved in this process.
However, cholangiocarcinogenesis, as the genesis of other
malignant tumors, is a multi-step process. The activation of
telomerase may be only one of the mechanisms in which
HCYV core protein induces malignant transformation of human
biliary epithelial cells. Further investigation on the other
molecular mechanisms resulting in malignant conversion of
the cells may help to understand the pathogenesis of
cholangio-carcinoma. In addition, target inhibition of core
protein function may offer new therapeutic ways for
cholangiocarcinoma.
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