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4. Discussion

Using gene expression profiling, we identified a dis-
tinct gene signature for ICC. We chose the SAGE tech-
nique, which is used to comprehensively identify and
quantify the expression of known and unknown genes
to analyse the gene expression in ICC. In SAGE meth-
ods, gene expressions of different organs or tissues are
comparable because the tag sequence directly reflects
RNA copy number, and the global standardised meth-
ods of SAGE enable the analysis and comparison of
the data obtained from different laboratories through
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SAGE maps (hup;//www.ncbi.nlm.nih.gov/SAGE/).
Another advantage of SAGE is that it allows the identi-
fication of genes not previously reported, including
expressed sequence tags (ESTs). In fact, we detected
some ESTs that were overexpressed in ICC compared
to HCC (data not shown) and these novel sequences
may represent new tumour markers for ICC.

When we compared the ICC and HCC libraries,
KRT7 and KRTI9 were amongst the genes showing
overexpression in ICC. Both are expressed in bile duct
epithelium, indicating that ICC arises from bile duct epi-
thelial cells. In addition, we observed highly abundant
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Fig. 4. Discrimination analysis of gene expression data. From the coefficient obtained for each gene, the Z-score was calculated as Z = 0.375
(BGN) + 0.172 (IGFBPS) + 0.001 (CLDN4) — 0.996. This score was positive for the intrahepatic cholangiocarcinoma (1CC) sample but negative for the
other samples. (A) Results from the samples of training group. (B) Prediction performance of Z-score using the ROC curve. (C) Results from samples of
the test group. BGN, biglycan; IGFBPS, insulin-like growth factor-binding protein 5; CLDN4, claudin-4; NL, normal liver; CLD, chronic liver disease;

HCC, hepatocellular carcinoma; AUC, area under the curve.

expression in ICC of the genes encoding SI00A6 and
matrix metalloproteinase 7 [22-24], both previously
reported in ICC. Therefore, our findings confirm the
expression patterns reported previously for ICC.

We also analysed the molecular functions of the genes
showing an over fivefold higher expression in ICC than
in HCC and found that many of them were associated
with the regulation of cell adhesion molecules, transla-
tion initiation and the regulation of Wnt signalling.
Conversely, amongst the genes with an over fivefold

overexpression in HCC than in ICC, the majority were
associated with immunity and inflammation. These find-
ings indicate that the characteristic gene expression pal-
terns in [CC differ from those in HCC.

In addition to tissue-specific genes, cancer-associated
genes, such as those encoding annexin A2 [25 27], S100
calcium-binding protein All [28], glutathione-S-trans-
ferase pi [29], transmembrane, prostate androgen-
induced RNA [30] and CD24 antigen [31] (Table 3),
were also overexpressed in ICC compared to HCC.
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Thus, genes that were differentially expressed between
ICC and HCC do not merely reflect differences in the
cell types or tissue types from which the tumours arise,
but differences in the ICC and HCC tumours
themselves.

Analyses using SAGE libraries showed that nine
genes, which were not previously well characterised as
expressed in ICC, were overexpressed in ICC than in
HCC. By comparing the mean transcript abundance in
ICC with those in other libraries, including gastric,
colon, prostate and breast cancer, we found that eight
genes were overexpressed in [CC than in the other
organs: CITED4, BGN, IGFBPS5, CLDN4, PFKP,
TM4SFl, CAPNI and CLDNI0. As these findings were
based on one ICC sample, we confirmed their validity
using RT-PCR and found that the expression of BGN,
IGFBPS and CLDN4 was higher in ICC than in HCC,
NL, CLD or adenocarcinomas originating from other
organs.

BGN encodes a matrix proteoglycan involved in the
metabolism of connective tissue by binding to collagen
and TGF-beta. It is expressed in the lung, spleen and
liver of mice [32]. Immunohistochemically, the BGN
protein has been shown to be expressed in Disse’s space,
cholangioles and the vascular wall, but not in normal
liver [33].

IGFBPS encodes a protein that binds to IGF-I and -
I1, but its precise function is not yet known. This protein
has been reported to promote osteoblast mitosis [34] and
to cause the involution of mammary gland cells by
inducing apoptosis via IGF-dependent and -indepen-
dent pathways [35]. However, its function in liver and
bile duct cells is unknown.

CLDN4 encodes an essential membrane protein of
the claudin family. This protein is a component of tight
junctions, a membrane receptor for Clostridium perfrin-
gens enterotoxin, and is thought to be involved in organ-
ogenesis. In addition, CLDN4 is highly expressed in the
small intestine, but only weakly expressed in mouse liver
[36). Whilst our study was under way, Lodi et al. [14]
reported that the level of CLDN4 expression was higher
in biliary tract cancers than in HCC.

Other candidate genes more suitable for the differen-
tiation of ICC from HCC and metastatic liver cancers
may exist, but our three genes - BGN, IGFBP5 and
CLDN4 - were not previously reported to be overex-
pressed in ICC, although CLDN4 was cited whilst our
study was under way.

Moreover, the prediction performance of ICC dis-
crimination analysis using these three genes showed an
efficient ROC curve (AUC = 0.987) and the equation
allowed us to completely distinguish ICC from HCC,
CLD and NL, although further evaluation is needed
using, for example, metastatic liver cancers. The ROC
curve was also generated for the test group and the
AUC (0.963) was as high as that generated using the

training set (data not shown). The discrimination of
ICC using the known markers such as CEA and
CA19-9 was less effective than this model. The AUC
for CEA and CA19-9 was 0.676 and 0.722, respectively
(data not shown).

However, the inclusion of other ICC markers will
enhance the sensitivity and specificity; for example, both
CEA and CA19-9 were enhanced in 50% and 62% of
patients with ICC, respectively (Tuble 2). In addition,
we found no correlation between the level of CEA or
CA19-9 and the expression of the three genes, suggesting
that they are independent markers of ICC. Thus, a com-
bined evaluation of these markers could enhance sensi-
tivity and specificity.

Despite the limited numbers of patients with ICC and
SAGE libraries examined. this is the first report of 1CC-
specific, novel candidate tumour-marker genes. Further
validation using a larger cohort is needed to confirm the
expression of these genes in more patients with ICC and
to examine the functional relevance of these genes in the
development and prognosis of ICC.

Appendix A. Supplementary data

Supplementary data associated with this article can
be found, in the online version, at doi:10.1016/j.jhep.
2008.03.025.
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Due to the high polymorphism of natural heparitis C virus (HCV) variants, existing recombinant HCV
replication models have failed to be effective in developing effective anti-HCV agents. In the current
study, we describe an in vitro system that supports the infection and replication of natural HCV from

patient blood using an immortalized primary human hepatocyte cell line cultured in a three-dimensional

(3D) culture system. Comparison of the gene expression profile of cells cultured in the 3D system to those

f{"’“:’;”c cultured in the existing 2D system demonstrated an up-regulation of several genes activated by peroxi-
,n';f:m’: . some proliferator-activated receptor alpha (PPARx) signaling. Furthermore, using PPARx agonists and
Replication antagonists, we also analyzed the effect of PPARx signaling on the modulation of HCV replication using
3D culture this system. The 3D in vitro system described in this study provides significant insight into the search for
PRAR novel anti-HCV strategies that are specific to various strains of HCV.

Immaortalized hepatocytes
Blood-borme HCV

© 2008 Elsevier Inc. All nghts reserved.

Infection with Hepatitis C virus (HCV) is a serious health prob-
lem worldwide and leads to high rates of liver cirrhosis and hepa-
tocellular carcinoma [1]. Given that the standard HCV therapy
remains insufficient for the successful treatment of many patients
[2]. the development of more effective and less toxic anti-HCV
agents is required. In vitro systems like the HCV replicon-bearing
cells and the infectious particle-producing JFH1 system, has con-
tributed to the discovery of new targets for anti-HCV therapy.
However, these recombinant HCV genomes only proliferate in sub-
lines of HuH-7 cells, which do not permit infection or proliferation
of blood-borne HCV. Due to the high polymorphism of natural HCV.,
data from recombinant HCV systems could be evaluated by study-
ing the therapeutic response of a variety of naturally occurring
HCVs, However, the current systems available for such study
remain insufficient due to the low infection and replication effi-
ciency of the natural HCV strains.

More recently, production and secretion of infectious HCV par-
ticles has been reported in two independent three-dimensional
(3D) cell culture systems, termed the radial-flow bioreactor (3D/
RFB) and the thermoreversible gelatin polymer (3D/TGP) systems.
These results were not observed in monolayer cultures [3],
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suggesting that hepatocytes cultured in 3D more closely resemble
liver cells in vivo [4] and thus support HCV proliferation. In
addition, analysis of gene expression levels in 3D cultured cells re-
vealed that the newly established immortalized human hepatocyte
(HuS-Ef2 cells) gene profile was altered to more closely resemble
that of human liver tissue when the cells were cultured in 3D/
TGP [5]).

In the current study, we cultured HuS-E[2 cells in 3D/TGP
and demonstrated efficient proliferation of natural HCV. Fur-
thermore, gene expression analysis of these cells demonstrated
the activation of the peroxisome proliferators-activated receptor
o (PPARx) signaling pathway, suggesting an important role for
this pathway in the replication of natural HCV. Thus, the
in vitro system described appears to be a useful tool for the
study of HCV infection and proliferation as well as for the
development of effective anti-viral agents against various natu-
ral HCVs.

Materials and methods

Cell culrure. Immortalized human hepatocytes (HuS-E/2) and
LucNeo#2 replicon cells [6] were cultured as previously described
[5.7]. For the 3D-TGP culture system, 1 x 10° HuS-E/2 cells were
cultured in 1 ml Mebiol gel (Mebiol Inc., Kanagawa, Japan)/well
in 12-well plates. Five hundred microliters of fresh medium was
overlaid on the solidified gel, and was changed every 2 days. Cell
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extraction from the gel was done at the designated time points
according to the manufacturer’s protocol.

RNA extraction, reverse transcriptase polymerase chain reaction
(RT-PCR) and real-time RT-PCR (Q-PCR). At the designated time
points, total cellular RNA was extracted and 1 pg of total RNA
was used as a template for RT-PCR and for the quantitative detec-
tion of HCV-RNA using real-time RT-PCR (Q-PCR) as previously
described [10].

HCV infection experiment. HCV infection experiments were car-
ried out using sera from patients infected with HCV, Infection in
2D culture was undertaken as previously described |5]. For 3D/
TGP cultured cells, the gel was solidified, and 50 pl HCV-contain-
ing patient serum with a titer of 1 x 10° HCV-RNA/ml was added
to the culture and mixed. The culture was continued until the
cells were extracted. Following extraction from 3D-TGP, cells
were centrifuged and washed three times thoroughly with PBS.
RNA was then extracted from the cells as described above.
HCV infection into HuS-Ef2 cells was also examined in the pres-
ence of anti-E2 mouse monoclonal antibody (917) as outlined
previously |8].

Treatment of cells with PPARx signaling agonists and antago-
nists. Fenofibrate or MK886 (Sigma-Aldrich, USA) were added
to the culture medium of HuS-Ef2 (2D-HuS-E[2) cells from day
0 of HCV infection; or the culture medium of LucNeo#2 replicon
harboring cells, The cells were then cultured to the designated
time point.

Microarray analysis. Gene expression profiles of 3D/TGP cultured
HuS-E/2 cells were obtained by microarray analysis (3D-Genes
Human 25, Toray. Tokyo, Japan) and compared to those of cells cul-
tured in 2D.
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3DYTGP cultures enhance HCV proliferation in HuS-E/2 cells

Infection and proliferation of the HCV genotype 1b (HCV-RC5)
derived from the serum of patient RC5 in HuS-E/2 cells cultured
in 3D/TGP (3D[TGP-HuS-E/2 cells) was investigated and com-
pared with that of HuS-E[2 cells cultured in 2D (2D-Hus-E/2)
As outlined in Fig. 1A, the HCV-RNA levels in the 3D/TGP-HuS-
E/2 cells were significantly higher at all of the time points exam-
ined following infection than in the 2D-HuS/E2 cells, suggesting
that the 3D/TGP system greatly enhances the proliferation of
naturally occurring HCV in HuS-Ef2 cells. Similar results were
also obtained for sera from additional patients (data not shown).
To examine whether the infection is viral envelope-receptor
mediated, the infection experiments using serum treated with
anti-HCV-E2 antibody (x-E2) or with anti-tubulin (negative con-
trol) was also performed. Pre-incubation of the serum with a-E2
significantly reduced the total amount of HCV-RNA in the cells
upon infection (Fig. 1B). This result suggested that the infection
of natural HCV into 3D/TGP-HuS-E/2 cells was HCV-E2-
dependent.

Inhibition of natural HCV replication in HuS-E/2 cells by Interferon

In order to test the effects of anti-viral agents on natural HCV
replication in 3D/TGP HuS-E/2 cells, 50-100U/ml of IFNux was
added to the medium overlaying the HCV-RCS infected 3D/TGP-
HuS-E/2 cells. The two treatment concentrations resulted in the
inhibition of HCV-RNA replication in 3D-HuS-E/2 cells by
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Fig. 1. HOV infection into 3D/TGP-Hu5-E/2 cells. (A) 3D/TGP significantly enhanced HCV proliferarion in HuS-E/2 cells. HCV patient serum was used to infect a similar number
of HuS-Ef2 cells cultured in 2D (hashed line) or 3DfTGP (solid line) culture for 24 h. Cells were then harvested and lysed at the indicated time points (3-7 days). The quantity
of genomic HOV-RNA per | g total RNA was determined by Q-PCR analysis. (B) Anti-E2 antibodies blocked HCV infection. HCV infection was performed as described in panel
A in the presence of Anti-E2 specific or anti-tubulin (control) antibodies. (C) IFNa inhibits HOV replication in 3D/TGP-HuS-E/2 cells. HuS-E/2 cells were infected with HOV and

fresh med l d with or wi

(Mock), 50 U/ml, or 100 U/ml IFNz overlaid on the gel containing the cells and HCV proliferation measured as described above,
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Fig. 2. RT-PCR analysis of the expression of genes identified by microarray. The
PPAR=a regulated genes were increased in 3D/TGP-HuS-E/2 cells (3D-TGP) and their
expression levels measured by RT-PCR. 2D represents RNA samples from 2D-HuS
-E/2 cells. Twenty cycles of amplification were undertaken for the RT-PCR analysis,
GAPDH expression served as an internal control. Abbreviations: FABP3, fatty acid
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Fig. 3. The effects of PPAR= agonists and antagonists on natural HCV proliferation. (A) Hus-E/2 cells were infected with HCV and fresh

approximately 50-60% and almost completely. respectively, when
compared to the replication in cells receiving mock treatment
(Fig. 1C). These results demonstrate that the IFNx treatment was
effective on HCV derived from RC5 and that 3D/TGP-HuS-E/2 cells
may be useful for the screening of anti-HCV drugs for the trear-
ment of natural HCV.

Increased activation of the PPARz signaling pathway in 3D cultured
HuS-E/2 cells

Given that 3D/TGP-HuS-E/2 cells demonstrated enhanced pro-
liferation of natural HCV, the gene expression profiles of these
cells was compared with that of cells cultured under normal
2D conditions using microarray analysis in order to identify
the factors required for the enhanced proliferation. Among the
24268 genes compared in this analysis, 212 genes demon-
strated a greater than four folds index increase in expression
in 3D/TGP than standard cultured celis. Cell signaling pathway
analysis of these 212 genes showed that six genes, including
farty acid binding proteins 4 and 3 (FABP4 and 3), apolipoprotein
D (APOD), aquaporin 7 (AQP7), acyl-coenzyme A oxidase 2
(ACOX2), and fatty acid desaturase 2 (FADS2), were targets of
PPARx signaling [9-12). The increased expression of these genes
in the 3D/TGP-HuS-E/2 cells was further confirmed by RT-PCR
analysis (Fig. 2). Given that PPARa is an essential factor for nor-
mal hepatocyte function [13], these results indicate that 3D/TGP
culture enhances the hepatocyte-specific charactenistics of HuS-
E/2 cells.

3 5
Days after infection

i with or

(Mock) 2, 10, or 30 uM of fenofibrate overfaid on the cells. (B) Medium supplemented with or without (Mock), . 5, or 10 uM of MK886 was mﬁald on 2D-HuS-Ef2 cells

infected with HCV. HCV proliferation followi was

d by Q-PCR (C) Medium supplemented with or without (Mock). 10 uM of MKB86 was overlaid on 3D/

TGP-HuS-Ef2 cells infected with HOV. HOV prnlirrr.mnn following treatment was measured by Q-PCR.
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PPARx signaling affects HCV replication

We next examined the potential role of PPARx signaling on HCV
proliferation by monitoring HCV replication in 2D-HuS-E/2 cells
that had been infected with HCV-RC5 and subsequently treated
with the PPARx agonist fenofibrate [14] or the PPARx antagonist
MKS886 [14] (Fig. 3B). As outlined in Fig. 3A, a dose-dependent in-
crease in HCV replication was observed in fenofibrate-treated cells.
In contrast, a dose-dependent decrease in HCV proliferation
was observed in the presence of MK886. Similarly, treatment with
MK886 reduced HCV proliferation in 3D/TGP-HuS-E/2 cells (Fig. 3C).
The response of HCV proliferation in response to fenofibrate and
MKS886 treatment was also analyzed in LucNeo#2 cells that con-
tained HCV replicon RNA (LNMH14) derived from the HCV-1b gen-
ome (Fig. 4A). Luciferase expression in these cells represented
replication of the HCV replicon [6] and, as shown in Fig. 4A, lucif-
erase activity in the cells treated with fenofibrate or MKBB6 also
showed either enhancement or suppression of replicon prolifera-
tion, respectively. In addition, the increased HCV replication fol-
lowing fenofibrate treatment was completely abolished when
treated with MK886 simultaneously. As MKB86 is known to induce
apoptosis when administered in high doses [15], the cell viability
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=
éo.e'
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Fig. 4. The effects of PPARx agonists and antagonists on the replication of HCV
subgenomic replicons. (A) LucNeo#2 cells g a HOV sut ic replicon
termed LNMH14, were mock treated or treated with fenofibrate, MK886, or a
combination of both fenofibrate and MKBB6 at the indicated concentrations for
2 days. Luciferase activity derived from the replicon was then measured as an
indicator of HCV replication |7]. (B) Following treatment with fenofibrate and
MKB86, LucNeo#2 cells were cultured for 2 days and cell viability measured using
the XTT assay (Roche, Mannheim, Germany ).

was examined using the XTT assay. There were no significant ef-
fects on cell viability after treatment with fenofibrate. Although
MKS886 resulted in a minor reduction in XTT values when high
doses (10-15 uM) were administered, this reduction was not sta-
ustically significant when compared to its effect on HCV replica-
tion (Fig. 4B). This result suggests that PPARx signaling is
required for HCV replicarion and that suppression of PPAR2 signal-
ing has an anti-HCV effect.

Discussion

In the current study, we demonstrated that immortalized hepa-
tocyte HuS-E/2 cells cultured in 3D/TGP support the infection and
replication of natural HCV derived from patient sera. Unlike recom-
binant HCVs, which have been required to adapt to sublines of
HuH-7 cells [16], the population of the natural HCV is fairly poly-
morphic, demonstrating different responses to a variety of anti-vir-
al agents | 17,18). The 3D/TGP-HuS-Ef2 cells have the advantage of
being a small-scale 3D cultured cells, which are cultured in 12-well
plates at a density of 1 x 10°jwell, that allow the study of both vir-
al and cellular events. In the current study, it demonstrated a 2 log
increase in susceptibility to natural HCV infection and replication
when compared to conventional 2D culture systems. Thus it offers
an important advantage in the study of natural HCV infection and
replication, and the response of natural HCV to anti-HCV drugs.

As the ability of HuS-E/2 cells to support infection and replica-
tion of natural HCV was greatly altered by the culture conditions, it
is likely that the culture system described in our study will provide
important information in regards to the cellular factors that sup-
port the HCV life cycle. The microarray study showed that the
expression of some genes related to the PPARx signaling pathway
were upregulated in the 3D cultured HuS-E/2 cells. Using both
PPARz signaling agonists and antagonists, PPARx signaling was
shown to affect infection and proliferation of natural HCV.
PPARx is a ligand-activated transcription factor that is primarily
expressed in tissues with high lipid metabolism including the liver,
where it functions as one of three major nuclear receptors and is
essential for its normal function [19]. Similar to a part of our data,
a negative effect on HCV replication was previously abserved in the
replicon-bearing cells treated with siRNA for PPARc, with only 50%
reduction of HCV-RNA [20]. In this study, even a large dose of
PPARx agonist enhanced natural HCV replication in the 2D-HuS-
E/2 cells for three times, despite the 2 logs enhancement of HCV
proliferation in 3D/TGP culture. This implies that additional factors
activated in 3D/TGP-HuS-E/2 cells may be required for the efficient
HCV proliferation. Further analysis of the microarray data may pro-
vide us with further information on factors that may prove useful
in the development of anti-HCV drugs.

In conclusion, the novel in vitro culture system combining TGP
and immortalized hepatocytes described in this study demon-
strated efficient support of natural HCV infection and replication.
This system may be used in future virological studies to define
new anti-HCV strategies. It may also prove useful for the specific
design of effective individual therapy according to patient-specific
strains.
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Hepatocellular carcinogenesis caused by HCV infection

%5 =

Makoto Huiksm

BEALY A NAHRFMAY 4 LAFREME FSA YA L ATHRDE

OHCV Bfic & ZFBREICR, RIICHAZEMEFAC L3R cBRNEITOREOVEDELT
B 5h3. HCV BEMERDMILICIE, HCV EARFBRLABRICH L TASPORRESASEELS
h3. HCVEAROLE A TRI7H, BHATRH-tHFRELNEL LEAREFASh TV, &,

ERMEREAVAERAZ G HOV EEERRIFEIS O,

BELBIORBRRERVT HCV O 1M ILAKF

EERMICOVWTRITL A, TORR, B HOV HTFOEEICHMEACEL R EEsG#EbD2IL
RS AL ._G)J:9?2:17&%&Lru\émﬂﬂ?lxﬂﬂﬂﬁmmﬂﬁﬁﬂ)iaﬁ:ﬁb htEEERA RN LR L
TWBZ LrRBE L. hwhtucﬂﬁﬁﬁﬁﬂ*uaHéﬁﬁm#ﬂﬁ&&&éf»zﬁ%ﬁitﬁ
BICRE T STREME TR L TV, EE, Eﬂﬁ:ﬁm?iﬁﬁ&fiﬁrénn\ér_m A7 OREAEF B
RS RS L, MRBROBETTEZE3TREEIrEA 5N 3.

Doy, i cmmo LR, R ANTES, A, JPEEH

1989 FEICF ANV ADR VY Fr—RETHEHH
AuriickoT, TNETHAIEBEFRYA
NAEEIERTWRETYAL VADOREFNIZILDHT
rao—=vy&h, CHEFFHETA VA (hepatitis C
virus : HCV) & & V), TnE TOBERH
%H 5 BE, HRAERM (WHO) IC X > TIHRA
OD 3% EMNTTIRIDY AL RICEYL T
ZLMEINTVS, JOBRREAOOEZICH
AT, TOVANACBRTBILILE-TRE
Bichi- 21BHEFAIE ERB -2 h, 2hid 20~
30 FERICFFEED 5 A~ LTI 5 AREEDS
BuIlkdhs, TOTLNLVARBRABRICHTEKRE
LBRODEDTHIEBREINTVS

Bt hts HCV Bz L 2F@SED A H =
ZADEMIZ 2P VTRWEXEREL IR T
ZhiFTiRvd, F{OWREDEHICEN
NECREFIFLEFLARNEREINTET
Vw3, KBTIV A LAENLERMDS, HCV B
sk AR EEMCOLWTERELEZVERS,

@ HOVER & TR

HCV OREETHMEDBHENHL» 2D, Z0
A NLAMIIEIA NARCSEINE—&
#{RNA YA WATHEZ Ldbdhal, ZOTA
LA OTEREIC I HARE 7 A LV ASEMEY A
WA EDNBD, TNETICADPITVEEY
AWADED BEIF#74 VAL ED DNA 74
WA, b THEAMEYA VADLS L
YA NRALIRESDHRABUEDTIANVATHS
7.
BEBIANALLTHLONEZINEDT AR
BT 2ROV LD, CheD/4 LAM
EF26kd 3 »izz0—8hs, B -EEMma
oRpaEkiciEorENS, HB\»id Epstein-Barr
virus DX H ¥V —ak L THERIZEET
ZrwAHTLTHS, LikdoT, Zhoed7A
NAK E>TEE L 7-fila0iEs, Bfadklhicy
ANVABROTEIE LTYA VARETF2ESHS
wiz—EyEHEN D, HERAKEYA VAT

E20HpFH Vol 224 No. 9 2008.3.1 | 693

2656 —



= ][] ]

NS5A NS5B

)= I

NS4A NS4B

C(a7&AaNR): 91 LARTFOFL0 MR
BEROBEL 6T 23S (ERET )

E(xr~o-7EAaNl)182:
Y AR FORMICHFE
HEAOBRICHREE

p7: A F L F o X IEBR
(91 AR FRECHEENDBRIC
BET3EHEZND)

NS2 : 3EiH3 (non-structural) RE 2 :
2REGETOF 7Y

NS3: +1)7OFP—H /RANAA H—+
(fo2—7z0-B#RROER)

NS4A:NS3t ! 7OFF—HDaA77 75—
NS4B : #EERp S O

NS5A : RNAES, U -B{tEaNR
(14—7zO0-ERELENT)

NS5B : RNASTEERNAR ) X 5—+

B 1 HCVERN L& TOMEE

LAMHFEET S, LoL, HCV 2EL77E74 0
ADEFRICIIZOREFH DNA L 2BAT Y
TRFEEE T, EEEIC HCV BH & gEe i By
DA i HCV EHE DNA B Ih T
DEZARHEATHARY, L THEEE»S
HCV OB 2 HER L T 2 Mtk 2 @27
B EILRILTWw, £, FEEEO%R
2@ HCV @ RNA REETFRTT 5 FFHBHOEM
EhbirLadize,

ZHZ LTl LY, HCV 3R L I FFD
T, ML afiEBLYo XS LMl hRT
ZODEREICIEbo TRV E W) I &2
LTw3, 2%h HCV B3 L FrBRE &I
BT 2 L iZHGLTHIIC LT, M
{t L 7= K fuAs BRIz HCV DRBHEZIT 7= Z LA
HEODEIDITOVTE X, RALREEIRZY
Zkichd, #ZC, HCV BRI X 5 FFBSEIE I
i2, QHCV B L - Frffan@fb L, @B
fHRaoMl, =\ 2 00T REEEE L 4EH
HrrHicBbis,

@ HCVEEHKIC £ D HIBIEEDLE L

HCV B3 X 2 FRMOBE, WBLE )i
D4 N ARETEH RSB OREEFIHEAZ
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FEY-OFH HCV EEHEMER L My L
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9,500 ¥ 7 LA F FRED RNA ¥/ ADKETIE,
1 -2 D& H# A4 (open reading frame : ORF) T
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AN/ \EENDEHSE P ESHOREPIREDOR
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