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Host tropism of hepatltls C virus (HCV) is limited to human and chimpanzee. HCV infection has never
been fully understood because there are few conventional models for HCV infection. Human induced plu-
ripotent stem cell-derived hepatocyte-like (iPS-Hep) cells have been expected to use for drug discovery to
predict thera’peunc activities and side effects of compounds during the drug discovery process. However,
the suitability of iPS-Hep cells as an expenment\al model for HCV research is not known. Here, we inves-
‘tigated the entry and genomic replication of HCV in iPS-Hep cells by using HCV pseudotype virus (HCVpY)
and HCV subgenomic replicons, respectively. We showed that 1PS-Hep cells, but not iPS cells, were sus-
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;‘:;ep::i%?te ceptible to infection with HCVpv. The iPS-Hep cells expressed HCV receptors, mc]udmg CD81, scavenger
Replication receptor class B type I (SR-BI), claudin-1, and occludin; in contrast, the iPS cells showed no expression of

SR-BI or claudin-1. HCV RNA genome rephcanon occurred in the iPS-Hep cells. Anti-CD81 antibody, an
inhibitor of HCV entry, and interferon, an inhibitor of HCV genomic replication, dose-dependemly atten-
uated HCVpv entry and HCV subgenomic replication in iPS-Hep cells, respectively. These findings suggest

Experimental model

that iPS-Hep cells are an appropriate model for HCV infection.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Hepatitis Cvirus (HCV), a hepatotropic member of the Flaviviridae
family, is the leading cause of chronic hepatitis, cirrhosis and hepa-
tocellular carcinoma. Approximately 130-200 million people ‘are
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estimated to be infected with HCV worldwide. Each year, 3-4 million
people are newly infected with HCV [1]. Thus, overcoming HCV isa
critical issue for the World Health Organization. :

HCV contains a positive strand ~9.6 kb RNA encoding a single
polyprotein (~3000 aa), which is cleaved by host and viral prote-
ases to form structural proteins (core, E1, E2, and p7) and non-
structural proteins (NS2, NS3, NS4A, NS4B, NS5A, and NS5B) [1].
These virus proteins might be potent targets for anti-HCV drugs.
However, combmatlon therapy with interferon and’ ribavirin,
which often causes severe side-effects leading to treatment termi-
nation, has been the only therapeutic choice [2]. Very recently, new
direct antiviral agents have been approved or are under clinical tri-
als; these agents include NS3 protease inhibitors, NS5A inhibitors,
and NS5B polymerase inhibitors [2-4]. However, the emergence of
drug resistance is a serious problem associated with the use of di-
rect antiviral agents |5].

Host targets are alternative targets for the development of anti-
HCV drugs:. A liver-specific microRNA (miRNA), miR-122, facilitates
the replication of the HCV RNA genome in cultured liver cells [6].
Administration of a chemically modified oligonucleotide comple-
mentary to miR-122 results in long-lasting suppression of HCV with
no - appearance of resistant HCV in'chimpanzees [7]. Epidermal
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growth factor receptor (EGF-R) and ephrin factor A2 (EphA2) are

host cofactors for HCV entry [8]. Inhibitors of EGF-R and EphA2
attenuated HCV entry, and prevented the appearance of viral escape
variants [8]. These findings strongly indicate that identification of
host factors associated with infection of human liver by HCV is a po-
tent strategy for anti-HCV drug development. Because the host tro-
pism of HCV is limited to human and chimpanzee {9}, there is no
convenient model for the evaluation of HCV infections. This has
led to a delay in the development of anti-HCV agents targeting host
factors.

Takahashi and Yamanaka developed human induced pluripo-
tent stem (iPS) cells from human somatic cells [ 10]. The stem cells
can be redifferentiated in vitro, leading to new models for drug dis-
covery, including iPS-based models:for drug discovery, toxicity
assessment, and disease modeling [11,12]. '

Recently, several groups reported that iPS cells can be success-
fully differentiated into hepatocyte-like (iPS-Hep) cells that show
many functions associated with mature hepatocytes [13-19]. How-
ever, whether iPS-Hep cells are suitable as a model for HCV infec-
tion has not been fully determined. Here, we investigated HCV
entry and genomic replication in iPS-Hep cells by using HCV pseud-
otype virus (HCVpv) and HCV subgenomic replicons, respectively.

2. Materials and methods
2.1. Cell culture

Huh?7 cells were cultured in Dulbecco’s modified Eagle’s medium
supplemented with 10% fetal calf serum (FCS). An iPS cell-line (Dot-
com) generated from the human embryonic lung fibroblast cell-line
MCR5 was obtained from the Japanese Collection of Research
Bioresources Cell Bank [20,21]. The iPS cells were maintained on a
feeder layer of mitomycin C-treated mouse embryonic fibroblasts
(Millipore, Billerica, MA) in iPSellon culture medium (Cardio, Hyo-
go, Japan) supplemented with 10 ng/ml fibroblast growth factor-2.

2.2. In vitro differentiation

Before the initiation of cellular differentiation, the medium of
the iPS cells was replaced with a defined serum-free medium,
hESF9, and the cells were cultured as previously reported [22].
The iPS cells were differentiated into iPS-Hep cells by using adeno-
virus (Ad) vectors expressing SOX17, the homeotic gene HEX or
hepatocyte nuclear factor 4ot (HNF-4a) in addition to the appropri-
ate growth factors, cytokines, and supplements, as described previ-
ously [19]. ‘ ‘

2.3. Reirerse transcription (RT)-polymerase chain reaction (PCR)
analysis of HCV receptors

Total RNA samples were reverse-transcribed using the Super-
Script VILO ¢DNA Synthesis Kit (Invitrogen, Carlsbad, CA), and the
resultant cDNAs were PCR amplified by using Ex Taq DNA polymer-
ase (TaKaRa Bio Inc., Shiga, Japan) and specific paired-primers for
CD81 (5-cgccaaggatgtgaageagttc-3' and 5'-tcccggagaagaggtcate-
gat-3'), scavenger receptor class B type I (SR-BI; 5'-attccgatcagtgcaa
catga-3' and 5'-cagttttgcttcctgcageacag-3'), claudin-1 (5'-tcagcact
geectgecccagt-3' and 5'-tggtgttgggtaagaggtigt-3'), occludin (5'-tca

_ gggaatatccacctateacttcag-3' and = 5'-catcagcagcagccatgtactcttcac-
3), or glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (5'-tct
tcaccaccatggagaag-3’ and 5'-accacctggtgctcagtgta-3’). The expected
sizes of the PCR products were 245 bp for CD81, 788 bp for SR-BI,
521 bp for claudin-1, 189 bp for occludin, and 544 bp for GAPDH.
The PCR products were separated on 2% agarose gels and visualized
by staining with ethidium bromide.

2.4. HCVpv infection

Pseudotype vesicular stomatitis virus (VSV) bearing HCV enve-
lope glycoproteins (HCVpv) and VSV envelope glycoproteins
(VSVpv) were prepared as described previously [23]. iPS, iPS-Hep
and Huh7 cells were treated with HCVpv or mixtures of HCVpv or
VSVpv and anti-CD81 monoclonal antibody (JS-81; BD Biosciences,
Franklin Lakes, NJ) or control mouse IgG for 2 h. After an additional
24 h of culture, the luciferase activities were measured by using a
commercially available kit (PicaGene, Toyo Ink, Tokyo, Japan).

25. Prepardtion of Ad vector expressing the HCV replicon

Ad vectors expressing a tetracycline (tet)-controllable and RNA
polymerase (pol) I promoter-driven HCV subgenomic replicon con-
taining renilla luciferase (AdP;235-HCV), a replication-incompetent
HCV subgenomic replicon containing renilla luciferase (AdP;235-
AGDD), tet-responsive trans-activator (Ad-tTA) or a tet-controlla-
ble RNA pol-1 driven firefly luciferase (AdP;235-fluc) were prepared
by using an in vitro ligation method as described previously
[24-26]. The biological activity (infectious unit) of the Ad vectors
was measured by using an Adeno-X rapid titer kit (Clontech,
Mountain View, CA).

2.6. HCV replication assay

iPs, iPS—Hep and Huh?7 cells were infected with AdP;235-HCV or
AdP235-AGDD at multiplicity of infection (MOI; infectious unit per
cell) of 3, and Ad-tTA at MOI of 15. After 24 h, the cells were treated
with 10 pg/ml of doxycycline (Dox) for 48 h. Renilla luciferase
activities in the lysates were then measured with the use of the
Renilla Luciferase Assay System (Promega, Madison, WI). To nor-
malize for the infectivity of Ad vector, iPS, iPS-Hep and Huh7 cells
were co~infected with AdP;235-fluc (3 MOI) and Ad-tTA (15 MOI).

" After a 72-h incubation, the firefly luciferase activities in the [ysates

were measured, and the renilla luciferase activities were normal-
ized by dividing by the corresponding firefly luciferase activities.

2.7. Quantitative analysis of plus- and minus-strand HCV RNA

- iPS, iPS-Hep and Huh7 cells were co-infected with AdP;235-HCV
or AdP;235-AGDD (3 MOI), and Ad-tTA (15 MOI). After 24 h, the cells
were treated with 10 pg/ml of Dox for 48 h. Total RNA was reverse-
transcribed into cDNA by using the Thermoscript reverse transcrip-
tase kit (Invitrogen) as described previously [27,28]. Real-time PCR
was performed with SYBR Premix Ex Taq (TaKaRa Bio Inc.) by using
Applied Biosystems StepOne Plus (Applied Biosystems, Foster City,
CA). The transcription products of the HCV plus-strand RNA,
minus-strand RNA, and GAPDH gene, were amplified by using spe-
cific primers for HCV plus-strand RNA (RC1 primer, 5'-gtctagc-
catggcgttagta-3’; and RC21 primer, 5'-ctcccggggeactegeaage-3'),
HCV minus-strand RNA (tag primer, 5'-ggccgtcatggtggegaataa-3';
and RC21 primer), and GAPDH (5'-ggtggtctcetctgacttcaaca-3' and
5'-gtggtcgttgagggcaatg-3'), respectively. The copy numbers of the
transcription products of the HCV plus- and minus-strand RNA were
normalized with those of the GAPDH gene and infectivity of Ad vec-
tor as described in the Section 2.6. '

2.8. Inhibition of HCV replication by interferon-o8

iPS-Hep and Huh7 cells were infected with AdP235-HCV (3
MOI) and Ad-tTA (15 MOI). After 24 h of infection, the cells were
treated with 10 pg/ml of Dox and recombinant human inter-
feron-o8 (IFN) at the indicated concentration. After an additional
48-h incubation, renilla luciferase activity in the lysates was mea-
sured with the use of the Renilla Luciferase Assay System. Cell
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viability was measured with the use of a WST-8 kit (Nacalai Tes-
que, Kyoto, Japan).

3. Results
3.1. Infection of iPS-Hep cells with HCVpv

HCV entry requires sequential interaction between the enve-
lope proteins and multiple cellular factors, including CD81, SR-BI,
claudin-1, and occludin {29]. To investigate expression of these
receptors in iPS-Hep cells, we performed RT-PCR analysis. iPS cells
expressed CD81 and occludin, but net SR-BI and claudin-1. In con-
trast, iPS-Hep and Huh?7 cells expressed all four receptors (Fig. 1A).
HCVpv have been widely used in studies of the mechanism of HCV
entry and in screens for inhibitors of HCV infection [30]. We there-
fore investigated HCVpv infection in iPS-Hep cells. iPS cells showed
no susceptibility to HCVpv infection. In contrast, HCVpv dose-
dependently infected iPS-Hep cells as well as Huh7 cells; a popular
model cell line for HCV research (Fig. 1B). Treatment of the cells
with IgG did not affect susceptibility of iPS-Hep or Huh7 cells to

HCVpv infection, even at IgG concentrations of 1 pug/ml. In contrast,
anti-CD81 antibody dose-dependently inhibited HCVpv infection
of iPS-Hep and Huh7 cells, and the antibody treatment did not-af-
fect infection of VSVpv with iPS-Hep (Fig. 1C). These findings sug-
gest that iPS-Hep cells are a useful model for HCV infection.
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3.2. Replication of subgenomic HCV RNA in iPS-Hep cells

We previously developed Ad vectors containing tet-controlla-
ble and RNA pol I-driven HCV RNA subgenomic replicons
(AdP;235-HCV [replication competent], and AdP;235-AGDD {rep-
lication incompetent]). The replicons encoded luciferase, and
monitoring of luciferase activity in infected cells was a simple
and convenient method to evaluate HCV replication {24]. Here,
we found cells transduced with the replication-competent: HCV
replicon expressed luciferase in iPS-Hep cells, but not in iPS cells
(Fig. 2A). In contrast, cells transduced with the replication-incom-
petent HCV replicon did not express luciferase (Fig. 2A). Taken
together, these results suggest that replication of the HCV RNA
genome occurred in the iPS-Hep cells. To confirm replication of
the HCV genome, we investigated production of minus-strand
HCV RNA from the positive-strand HCV RNA genome by perform-
ing real time-PCR analysis. The results of this analysis showed
that minus-strand HCV RNA was produced in iPS-Hep cells and
Huh?7 cells, but not in iPS cells (Fig. 2B). To investigate whether
the iPS-Hep cells could be used to screen for drugs that suppress
HCV replication, we treated the cells' with a suppressor of HCV
replication, IFN. Treatment with IFN resulted in dose-dependent
attenuated replication of the HCV genome with no cytotoxicity
(Fig. 3A and B). These findings suggest that the iPS-Hep cells
are a suitable system to use for monitoring the replication of
the HCV RNA genome.
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Fig. 1. HCV infection assay in iPS-Hep cells. (A) Expression of HCV receptors in iPS-Hep cells. Total RNA samples from Huh?7, iPS, and iPS-Hep cells were subjected to RT-PCR
analysis as described in the Section 2. The PCR products were separated on 2% agarose gels, followed by staining with ethidium bromide. (B) Infection of iPS-Hep cells with
HCVpv. iPS, iPS-Hep and Huh7 cells were infected with HCVpv at the indicated dilution. After 2 h of infection, the cells were cultured with fresh medium for 24 h. Then,
Tuciferase activities were measured. Data are presented as means % SD (n =3). (C) Effect of anti-CD81 antibody on infection of iPS-Hep cells with HCVpv. iPS-Hep (upper panel)
and Huh7 (lower panel) cells were treated with mixtures of HCVpv (open column) or VSVpv (gray column) and anti-CD81 ‘antibody or control mouse IgG at the indicated
concentrations, After a 2-h incubation, the cells were cultured with fresh medium for 24 h. Then, the luciferase activities were measured. Data represent the percentage of

vehicle-treated cells. Data are presented as means + SD (n =3).
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Fig. 2. HCV replication assay in iPS-Hep cells. (A) Comparison of replication of HCV
subgenomic replicons, AdP;235-HCV (gray column) and AdP;235-AGDD {open
column), in iPS, iPS-Hep and Huh?7 cells, The cells were infected with replicons,
treated with Dox, and renilla luciferase activity was measured, as described in the
Section 2. To normalize for infectivity of Ad vector, cells were co-infected with
AdP235-fluc and Ad-tTA. After 72 h, firefly luciferase activity was measured.
Corrected luciferase activity was calculated as the ratio of renilla luciferase activity
to firefly luciferase activity. (B) Real-time PCR analysis of HCV plus- and minus-
strand RNA in iPS-Hep cells. iPS-Hep cells were infected with replicons, and total
RNA was subjected to real-time PCR analysis, as described in the Section 2. The copy
numbers were shown as ratio of those of Huh7. Data are presented as means + SD
(n=3).

4. Discussion

Tropism of HCV is limited to human and chimpanzee. Our
understanding of HCV infection has been delayed by the lack of
appropriate model systems. In the present study, we demonstrated
that iPS-Hep cells are suitable in vitro models of hepatocytes for
use in the study of HCV infection.
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Fig. 3. Effect of interferon on HCV replication in iPS-Hep cells. iPS-Hep (open
column) and Huh?7 (gray column) cells were infected with AdP;235-HCV and Ad-
{TA. After 24 h, the cells were treated with Dox and the indicated concentration of
interferon for 48 h. Luciferase activities (A) and cell viabilities (B) were measured as
described in the Section 2. Data represent the percentage of the value for vehicle-
treated cells, and are presented as means +SD (n=3).-

Other in vitro model systems of hepatocytes may not accurately
reflect the biology of hepatocytes in vivo. For instance, expression
profiles of mRNAs in embryonic stem:(ES) cell-derived hepato-
cyte-like cells are different from those of primary human hepato-
cytes [31]. The development of efficient methods to differentiate
stem cells into hepatocytes has been a critical issue in the applica-
tion of stem cell technology to drug discovery. Recently, Mizuguchi
and colleagues established efficient differentiation protocols for iPS
cells by using adenoviral transfer of SOX17 [17], HEX {18], and
HNF-4¢ [19] in addition to growth factors. Approximately 80% of
the differentiated cells showed expression of hepatic-specific
proteins, including cytochrome P-450s (CYP2D6, CYP3A4, and
CYP7A1)[19]. The iPS-Hep cells were also used as a simple system
to evaluate the hepatotoxicity of drugs that are metabolized into
toxic substances by cytochromes [19]. Here, we showed that the
essential host factors for HCV infection (occludin, claudin-1, SR~
BI, and CD81) are expressed in the iPS-Hep cells. HCV RNA genome
replication occurred in the cells, and HCVpv infected the cells. An
inhibitor of HCV entry (anti-CD81 antibody), and an anti-HCV
agent (IFN), attenuated the entry of HCVpv and the replication of
the HCV genome in the cells, respectively. These findings suggest
that the iPS-Hep cells are useful for understanding HCV infection
and for screening anti-HCV drugs.

We found that iPS cells express CD81 and occludin, and are not
susceptible to HCV entry, whereas iPS-Hep cells express all four
HCV receptors and are susceptible to HCV entry. These findings
are consistent with previous studies showing that CD81, occludin,
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SR-BI, and claudin-1 are key receptors for HCV [29]. HNF-4q, which
promotes the differentiation of iPS cells to iPS-Hep cells, is essen-
tial for the expression of a multitude of genes encoding cell junc-
tion and adhesion proteins during embryonic development of the
mouse liver [32]. For instance, claudin-1 expression is not detected
in the liver of HNF-4a-deficient mice {32]. HNF-4o. enhances
peroxisome proliferator-activated receptor-mediated SR-BI tran-
scription {33]. Thus, the susceptibility to HCV entry observed in
iPS-Hep cells may be the result of the additional expression of clau-
din-1 and SR-BI following HNF-4a treatment.

miR-122 is a liver specific miRNA that constitutes 70% of the to-
tal miRNA population [34] and is essential for replication of the
HCV genome in the liver [6]. ES cells: do not express miR-122,
whereas expression of miRNA is observed during differentiation
into hepatocyte-like cells [35]. Replication of HCV subgenomic rep-
licons was observed in iPS-Hep cells, but not iPS cells (Fig. 2A).
Expression of miR-122 might be a key factor controlling the repli-
cation of the HCV RNA genome in iPS-Hep cells.

The reasons that 15-20% of people infected with HCV can clear
the virus without pharmaceutical intervention, and patients vary
in their sensitivity to pharmaceutical treatments, are still unclear
[36]. Understanding the basis of these variable responses to infec-
tion and treatment would facilitate the discovery of potent targets
for drug development for HCV. iPS-derived hepatocytes are a
promising system for drug discovery for HCV infection. In the pres-
ent study, we showed that the iPS-derived hepatocyte-like cells
can be used with popular models of HCV infection: HCV subge-
nomic replicons and HCVpv. Our findings will contribute to our
understanding of the mechanisms of HCV infection and to the
identification of novel targets for HCV therapy by means of iPS
technology.
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ARTICLE INFO ABSTRACT

Article history: Recent studies have demonstrated that the liver-specific microRNA (miRNA) miR-122a plays an impor-
Received 5 December 2011 tant role in the replication of hepatitis C virus (HCV). Antisense nucleotides against miR-122a, including
Received in revised form 27 January 2012 locked nucleic acid (LNA), have shown promising results for suppression of HCV replication; however,
Accepted 3 February 2012 :

a liver-specific delivery system of antisense nucleotides has not been fully developed. In this study, an
adenovirus (Ad) vector that expresses tough decoy (TuD)-RNA against miR-122a (TuD-122a) was devel-
oped to suppress the HCV replication in the liver hepatocytes. Ad vectors have been well established to

Available online 10 February 2012

iedjgt; Z\r/(iirsﬁs vector - exhibit a marked hepatotropism following systemic administration. An in vitro reporter gene expression
Tough decoy RNA assay demonstrated that Ad vector-mediated expression of TuD-122a. efﬁcnently blocked the miR-122a
miR-122a in Huh-7 cells. Furthermore, transduction with the Ad vector expressing TuD-122a in HCV replicon-
Hepatitis C virus expressing cells resulted in 51gmﬁcant reduction in the HCV replicon levels. These results indicate that
microRNA ) Ad vector-medlated expressnon of TuD-122a would be a promising tool for treatment of HCV infection,

© 2012 Elsevier B.V. All rights reserved.

Hepatitis C virus (HCV)is a hepatotropxc human virus belong-
ing to a member of the family Flaviviridae and possessing a 9.6-kb
positive-sense RNA genome. HCV infection causes chronic hepatic
inflammation and ‘fibrosis, leading to hepatocellular carcinoma
Hoofnagle, 2002). Currently, 170 million people worldwide are
infected with HCV, and suffermg from or at risk for the diseases
described above. In order to suppress the replication of HCV, PEGy-
lated interferon alpha and ribavirin, which is a nucleotide analogue,

have been used as standard-of-care therapy; however, the ther-

apeutic efficiency has been limited, in spite of relatively severe
side effects, including fever and malaise (Chisari, 2005; Feld and
Hoofnagle, 2005). Another therapeutic strategy should be devel-
oped to efficiently suppress the HCV mfectxon and HCV—caused
diseases.

Among several host factors involved in HCV mfectmn the
abundant liver-specific microRNA (miRNA), miR-122a has been
demonstrated to be crucial for efficient replication andfor
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translation of the HCV genome (Henke et al., 2008; Jopling et al,,
2005; Randall et al., 2007). The HCV genome has two closely spaced
miR-122a-binding sites in the 5'-untranslated region (UTR), which
contains overlapping cis-acting signals involved in translation and
RNA synthesis (Jopling et al,, 2005). Although the mechanism of
the miR-122a-mediated enhancement of HCV replication is con-
troversial (Henke et al., 2008; Jjopling et al,, 2005; Machlin et al.,

2011; Roberts et al., 2011; Wilson et al., 2011), antisense oligonu-
cleotides complementary to miR- 1223, including locked nucleic
acid (LNA) olxgonucleondes have been shown fo significantly
inhibit miR-122a and reduce the HCV gencme ‘and thereby to
exhibit superior therapeutic effects (Henke et al., 2008; Jopling
etal,, 2005; Krutzfeldt et al., 2005; Lanford etal,2010). lntravenous
administration of LNA ollgonudeotxdes against miR-122ainto HCV-
infected chimpanzees resulted in'the long—lastmg suppression of
HCV viremia without viral resistance or severe side effects (Lanford
etal., 2010). In addition, the 5'-UTR of the HCV genome is composed
of highly conserved structural domains, suggesting that a mutant
lacking the miR-122a-binding sites in the genome is unlikely to
appear. These results indicate that miR-122a is a promising target
for the treatment of HCV-related diseases; however, LNA oligonu-
cleotides accumulate in the kidney immediately after intravenous
adrninistration and are excreted into the urine (Fluiter et al., 2003).
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Fig. 1. Structure of Ad vectors used in this study. The human U6 promoter-driven
TuD-RNA expression cassette was inserted into the El-deleted region of the Ad
vector genome. The CMV promoter-driven GFP expression cassette was inserted
into the E3-deleted region of the Ad vector genome.

Systems which efficiently deliver or express anti-miR-122a drugs
in the liver are necessary to efficiently treat HCV-related diseases.

Recently, tough decoy (TuD)-RNAs against miRNAs, which
efficiently and specifically inhibit miRNAs, were developed by
Haraguchi et al. (2009). TuD-RNAs are composed of two miRNA-
binding sequence (MBS) regions and two stem structures with
3-nucleotide linkers. The MBS in the TuD-RNA is considered to
tightly bind to miRNAs, leading to the inhibition of miRNAs.
The inhibition activity of the TuD-RNA against miRNAs is higher
than that of LNA oligonucleotides and miRNA sponges (Haraguchi
et al, 2009). Another advantage of the TuD-RNA is that it can
be expressed by viral and non-viral vectors. miRNAs can be
persistently suppressed by lentivirus vector- and retrovirus vector-
mediated expression of the TuD-RNA. Furthermore, liver-specific
expression of the TuD-RNA is thought to be achievable by an aden-
ovirus (Ad) vector and adeno-associated virus vector, because these
vectors can express transgenes in a liver-specific manner after sys-
temic administration. These properties of the TuD-RNA are highly
promising for inhibition of miR-122a in the liver and suppression
of HCV replication.

In the present study, we developed an Ad vector expressing the
TuD-RNA against miR-122a (TuD-122a) to efficiently inhibit miR-
122a and to suppress the HCV replication. Transduction with an
Ad vector expressing TuD-122a efficiently inhibited miR-122a in
vitro. In HCV replicon-expressing cells, HCV replicon levels were
significantly reduced by Ad vector-mediated TuD-122a expression.

First, in order to examine the transduction efficiencies of the Ad
vectors constructed in this study in the HCV replicon-expressing
cells, Huh-7.5.1 1bFeo cells, which is a genotype 1b HCV repli-
con cell line (Yokota et al, 2003), were transduced with an Ad
vector expressing TuD-122a (Ad-TuD-122a) or the control TuD-
RNA (Ad-TuD-NC). Ad-TuD-122a and Ad-TuD-NC were prepared
as described in Supplemental materials and methods. Structure
of Ad vectors used in this study is shown in Fig. 1. The ratio of
particles-to-biological titer was between 6 and 9 for each Ad vec-
tor used in this study. Both Ad-TuD-122a and Ad-TuD-NC carry
the TuD-RNA expression cassette and the green fluorescence pro-
tein (GFP) expression cassette in the El-deleted and E3-deleted
region, respectively(Fig. 1). Both Ad-TuD-NC and Ad-TuD-122a effi-
ciently transduced Huh-7.5.1 1bFeo cells (Fig. 2). More than 80%
of the cells were found to be GFP-positive following transduction
with Ad-TuD-122a and Ad-TuD-NC, respectively, at a multiplicity of
infection (MOI) of 100. The averages of GFP-positive cells following
transduction with Ad-TuD-NC were slightly higher than those with
Ad-TuD-122a; however, statistically significant differences were
not found for either group. Apparent cellular toxicity was not found
following transduction with Ad-TuD-122a or Ad-TuD-NC (data not
shown). These results indicate that Ad-TuD-122a and Ad-TuD-NC
efficiently transduce Huh-7.5.1 1bFeo cells.

Next, in order to examine the inhibitory effects of TuD-122a
expressed by the Ad vector on miR-122a, a reporter gene assay
using the miR-122a complementary sequence-encoded plasmid,
psiCheck-122aT, was performed in Huh-7 cells. Huh-7 cells endoge-
nously express a high level of miR-122a (Suzuki et al., 2008). Huh-7
cells were transduced with the Ad vectors at MOIs of 25 and 100
for 1.5 h. After a 24-h incubation, the cells were transfected with
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Fig.2. Transduction efficiencies of Ad-TuD-122a and Ad-TuD-NCinHuh-7.5.1 1bFeo ,
cells. The cells were transduced with Ad-TuD-122a or Ad-TuD-NC at multiplicities of
infection (MOIs) of 25, 50, and 100 for 1.5 h. At 48 h after transduction, GFP expres-
sion was evaluated by flow cytometry. The data are expressed as the means£5.D.

{n=3). The percentage of GFP-positive cells in the mock-transduced group was less |

than 0.2%. N.S.: not significant.

psiCheck-2 or psiCheck-122aT. The renilla and firefly luciferase
expression was evaluated 48 h after transfection with the plasmid
DNA., psiCheck-122aT, plasmid DNA containing the two copies of
miR-122a complementary sequences in the 3’-UTR of the renilla
luciferase gene, was constructed by ligation of Notl/Xhol-digested
psiCheck-2 (Promega, Madison, WI) with the oligonucleotides
122aT-Fand 122aT-R. The sequences of the oligonucleotides 122aT-
F and 122aT-R are described in the Supplemental information. In
mock-transduced cells, the relative renilla luciferase expression
level by psiCheck-122aT was about 5-fold lower than that by the
control plasmid psiCheck-2, which does not possess miR-122a tar-
get sequences, due to the endogenous expression of miR-122a
in Huh-7 cells (Fig. 3). The renilla luciferase expression profiles
following transfection with psiCheck-122aT were similar in the
mock-transduced cells and Ad-TuD-NC-transduced cells, indicating .
that expression of the control TuD-RNA does not inhibit the miR-
122a. Ad-TuD-122a did not alter the renilla luciferase expression
level by psiCheck-2; on the other hand, psiCheck-122aT-mediated
renilla luciferase expression was significantly restored by Ad-TuD-

122a. The cells transduced with Ad-TuD-122a exhibited 2.8-fold f
and 3.5-fold higher renilla luciferase expression at MOIs of 25 and =~

100, respectively, than the mock-transduced cells following trans-
fection with psiCheck-122aT, These results indicate that miR-122a
is efficiently inhibited by Ad-TuD-122a. We also performed quan-
titative RT-PCR analysis for miR-122a following transduction with
Ad-TuD-122a and Ad-TuD-NC in Huh-7 celis. No significant differ-
ences in the miR-122a expression levels were found in the cells
transduced with Ad-TuD-122a and the cells transduced with Ad-
TuD-NC (data not shown), probably because TuD-RNA does not
induce degradation of miRNA, although TuD-RNA tightly binds to
the target miRNA (Haraguchi et al., 2009).

Next, in order to examine whether TuD-122a-mediated inhi-
bition of miR-122a suppresses the HCV replicon, Huh-7.5.1 1bFeo
cells were transduced with Ad-TuD-122a and Ad-TuD-NC at the
indicated MOIls. Huh-7.5.1 1bFeo cells express an mRNA consist-
ing of the HCV 5-UTR and the upstream part of the core region,
connected in-frame with the firefly luciferase gene, which allows
the simple evaluation of the HCV replicon levels by measuring
the firefly luciferase activity in the cells (Yokota et al., 2003),
Huh-7.5.1 1bFeo cells were transduced with the Ad vectors at
MOIs of 25, 50, and 100 for 1.5h. After a total 48-h incubation,
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Fig. 3. Inhibition of miR-122a by Ad vector-meditated TuD-122a expression. (A) Structure of the reporter gene-expressing plasmids psiCheck-2 and psiCheck-122aT. (B
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firefly luciferase expression levels were determined. Ad-TuD-122a
significantly reduced the firefly luciferase expression levels in a
dose-dependent manner (Fig. 4a). The firefly luciferase expression
level was reduced to 29% of that in the cells transduced with Ad-
TuD-NC at MOI of 100 by transduction with Ad-TuD-122a at MOI
of 100. In contrast, no significant changes-in the firefly luciferase
expression were found by tryansduction‘ with Ad-TuD-NC.

‘To examine whether. inhibition of miR-122a by Ad vector-
mediated TuD-122a expression leads to a reduction in HCV
_replicon RNA levels, strand-specific real-time RT-PCR analysis was
" performed. to_determine the HCV replicon RNA levels. Briefly,
Huh-7.5.1 1bFeo cells were transduced with the Ad vectors as
described above, and the total RNA was isolated 48 h after irans-
duction. Real-time RT-PCR analysis for the HCV positive-strand RNA
genome was performed as follows. Briefly, 2 pg of total RNA was
reverse-transcribed to cDNA using the primer specific for the HCV
positive-strand genome (RC21; 5'-ctc ccg ggg cac tcg caa ge-3').
Real-time RT-PCR was performed using the primers (RC21 and RC1;
5’'-gtctag ccatgg cgt tagta-3') and SYBR Premix Ex Taq I (Takara Bio
Inc,, Kyoto, Japan). Similarly to the results for the firefly luciferase
expression in Fig. 4A, HCV replicon RNA levels were significantly
reduced by Ad-TuD-122a(Fig. 4B). There was an approximately 2.2-
fold decline in the HCV replicon RNA level in the cells transduced
with Ad-TuD-122a at an MOI of 100, compared with the HCV repli-
con RNA level in the cells transduced with Ad-TuD-NC at an MOI
of 100. Ad-TuD-NC did not apparently decrease the HCV replicon
RNA levels. These results indicate that the inhibition of miR-122a
by Ad vector-mediated TuD-122a expression efficiently suppresses
the replication of the HCV replicon.

The present study demonstrates that Ad vector-medxated TuD-
122a expression significantly inhibits the function of miR-122a and
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replication of the HCV replicon. Replication of the HCV genome is
promoted by the direct interaction between miR-122a and the com-
plementary sequences in the 5-UTR of the HCV genome (Henke
et al., 2008; Jangra et al., 2010), indicating that sequestration of
miR-122a leads to suppression of the HCV replication. In order to
suppress the HCV replicon by inhibiting miR-122a, TuD-RNA was
selected as an inhibitor of miRNA in this study, because TuD-RNA
potently inhibits miRNA by strongly binding to miRNA (Haraguchi
et-al;; 2009). In addition, TuD-RNA can be expressed by conven-
tlonal gene delivery vectors, including virus vectors. One drawback
of TuD-RNA is that TuD-RNA does not discriminate miRNA mem-
bers that belong to the same miRNA family (Haraguchi et al., 2009);
however, miR-122a does not constitute a family of miRNA, suggest-
ing that TuD-122a would not inhibit other miRNAs. :
As described above, an, Ad vector is suitable for liver-specific
expression -of TuD-RNA due to the strong hepatotropism. Previ-
ous studies demonstrated that Ad vectors expressing short-hairpin -
RNA (shRNA) or antisense RNA against the HCV genome success-
fully exhibited the suppressive effects on HCV infection in vivo
(Gonzalez-Carmona et al., 2011; Sakamoto et al.,, 2008). Another
advantage of using an. Ad vector for treatment of HCV-related
diseases is that in vivo administration of an Ad vector induces
type I'interferon (IFN) production via innate immune responses
(Huarte et al., 2006; Zhu et al., 2007). Our group previously
demonstrated that VA-RNA, which is a small non-coding RNA
expressed from a replication-incompetent Ad vector as well as
wild-type Ad, stimulates type I IFN production in an IFN-B. pro-
moter stimulator-1-(IPS-1)-dependent manner (Yamaguchi et al.,
2010). Ad vector-induced type T IFN would contribute to suppres-
sion of HCV infection. The anti-HCV activity of Ad-TuD-122a can
also be up-regulated by insertion of an expression cassette of an
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Fig. 4. Suppression of the HCV replicon by Ad vector-mediated TuD-122a expres-
sion. (A) Firefly luciferase expression levels and (B) HCV replicon RNA levels in
Huh-7.5.1 1bFeo cells following transduction with the Ad vectors. All the data are
shown as the means 4 S.D. {(n=3). N.S.: not significant. *P<0.05, **P<0.005 between
mock-transduced cells and cells transduced with Ad-TuD-122a.

anti-HCV gene, including type I IFN genes and short-hairpin RNA
(shRNA) or antisense RNA against the HCV genome, into the Ad vec-
tor genome, Our group has developed various types of Ad vectors in
which two or three transgene expression cassettes can be inserted
" into a single Ad vector genome (Mizuguchi et al., 2001, 2005, 2003).
Previous studies have demonstrated that lipid droplets, which
are lipid-storage intracellular organelles, are crucial for the pro-
duction of infectious HCV particles (Hinson and Cresswell, 2009;
Miyanari et al,, 2007). Miyanari et al. demonstrated that HCV cap-
sid proteins recruit the non-structural proteins and the replication
.complex to the lipid droplet-associated membrane (Miyanari et al.,
2007). miR-122a is an important factor that regulates cholesterol
and fatty-acid metabolism in the hepatocytes (Esau et al, 2006;
lliopoulos et al., 2010). Intravenous administration of the anti-
sense oligonucleotide against miR-122a resulted in a reduction
in the plasma levels of cholesterol and triglycerides (Esau et al.,
2006; Lanford et al,, 2010). In addition to the enhancement of
accumulation and translation of the HCV genome, miR-122a might
up-regulate HCV infection by regulating lipid metabolism in the
hepatocytes. ‘
Almost similar levels of reduction in the HCV replicon RNA
copy numbers were found for Ad-TuD-122a at MOIs of 25, 50,
and 100, although there was dose-dependent reduction in the
firefly luciferase expression following transduction with Ad-TuD-
122a. It remains unclear why dose-dependent reduction in the
HCV replicon RNA copy numbers was not found, however, miR-
122a plays a crucial role in the enhancement of both translation
and stability of HCV genome (Henke et al., 2008; Jopling et al.,
2005; Randall et al., 2007; Shimakami et al,, 2012). Stability of
HCV genome might be more susceptible to inhibition of miR-122a
than translation. The averages of HCV replicon RNA levels were
also reduced following transduction with Ad-TuD-NC, although

statistically significant differences were not found, compared with
the mock-transduced cells. Replication-incompetent Ad vectors
express non-coding small RNA (VA-RNA), which forms RNA-
induced silencing complex (RISC) with argonaute 2 (Ago2) (Xu
et al.,, 2007). Ago2 is an important factor for miRNA processing
(Diederichs and Haber, 2007). Processing of miR-122a might be
slightly disturbed by Ad vector-expressed VA-RNA, leading to the
reduction in the HCV replicon RNA levels. .

In summary, we efficiently suppressed the HCV replicon levels
by Ad vector-mediated expression of TuD-122a, which blocks the
function of miR-122a. This study indicates that Ad vector-mediated
expression of TuD-122a in liver hepatocytes would offer an alter-
native approach for the treatment of HCV infection.
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EEFHBEFHAREMFEDE (FRERBRSARARSH)
SERRBEE

TFIGIANARGE—ERALE:
C I e BRI A T OB

SEMRE EAEE RKRRFXRZFHERERPFHARE B

Ef%? =

CEBFHRIAILA (HOVIDF T 1. é‘rﬁﬁ’c 2 {MJ\ ERTI& 200 FAICEDIEY HRT
I3 4R 200~300 F A QBB TCIEML TS, 410 5— Tz OVIFNEEOERIZEV CEIF A DR
AEEEELTNDIO0. ALLTHAM 1b BEIMNVRAEBEICHLTIEZZREAL 50%2F
€9 C HFRERICA T H A RAEET S5 HOV ZEORIBARE LTS, LMLE
Do FEBREO-ODERTHS HOV BEFTFMROBMBELLENTOSIDNRIKTHS, E
BR. HCV 88 RNA 47/ Ls(9.6 kb)EFFERIC S EKCBA T B A EMREIL SN TLVEL 0 RREL
T HOV B EHERICIEBF MBS ERASN THY. % HoV BAFHERDRARA C RF 24658
ﬁ%@l@él-w%zﬁﬁﬁtaon\é ZTHRBRRIE. F~OEETEABNETT/Y
AL R(AD)RH5—|Z B4 RNA $BZ RNA pol 1 ERHSELOZEFMATSHTLT HOV &/Ai
g CRIRAIBEAAVS—ZRFL. Fif-4f HeV %T&Jﬁﬁ%@ﬁﬁ&‘iﬁto

RNA polymerase I (pol DB R rRNA (13 KORBRICEELTVAIEN D, B THS HOV
RNA ORBLEARETHELE A DN D, £TT. RH RNA RFRTHS RNA pol | TOE—F—TIC
HOV 974/ LEBRAATEERTTAIRRYA—E 8L, KT SAIRERMLS HOV $T57 /4
B Ad /\'79-@35%?‘ BT EITHIILTz, & HCV T4/ LR Ad NJ48—(, tbﬁﬁ%ﬂﬁ@ﬁ:
AOERPS ﬁmﬂﬂmﬁﬁmﬂﬂmgwﬁfz&mﬁ«ﬁ@k HCV 7/ LE B ATRETHY . HCV EREE
FI DR DHIAD HOV HRREETHE R BE TH D LA A EXEoT, BLE . RFRICH L TEIR
L7= HCV &7‘/7/1&}% Ad «\ba——tis FAEICEA HOV R R THHEEZONSE,

A TIZEBR

CERF I 1LR(HCV) iatlazr:'c 2005 A, 5
Tl 2 BALOBREANBEET SLEESATL
%0 HCV DS RFERREIE 10~30 T TIEHRF
#%. FFEEESIZHEIL, 512 5~10 &£ CHF MRS
I2E 5. ZFITE TS ERESE O 8 Bl HCV
BRETHY. CRFREIFLRAGHFERBTHD.
ChET.C BFRICHTHARETENESET
HBAE—7xz0r (IFN) EEVY/REY QAR
EMNBLDNTE RS, ERERL 50%BEL M o1,
2011 . FHICTnTF7F—ERERNETSh. R

19

Y AS—EEBERIC DN TEEERARATHA T
5, LOLERS. ChSIEVTREDMIILARORA
FEEMELTHRY. ERMEDMIIADOHBENH
HINTWLS, ZD1=8H. ERITED LD HEL
~<L\ HOV #8Ic Eﬁbé?ﬁi%éﬁﬂ@tbh%ﬁ%ﬁ
EORBSHFIA TS, O

HCV 1549 9.6 kb D—FREETSREH RNA Z7°/ L
IZEDRNADAIARTIGE DA ILRARHIRESND,
HCV BB EBRRADBABLUERRT
vFIZKAEh. FNFhOBRLERICEETSE
FREFOREHTEY AL ZAOHBEE BT 55



FIGAEBIRELTEREShTO S, (SO Hov 8
ABEHERIZEY . HOV B2 R/KELT CDS8I.

scavenger receptor class B type I(SR-BI) . claudin-1.

occludin AEESH., Hi claudin—1 Bk & Ht HCV

BRAERS— XL TERSN TS, —%. HCV

HERBMBIC DL TS, HOV ERBITRARDEBIE

[2&kY. cyclophilin 4 miR-122 & LABEDMER >
TLVELY, ‘

HCV MEEZTEELB EIXErEF oV S—IZ[R
b, FDT=. in vivo HCV EREBIRRIZIZFY
N —FRERETE IV RAICEHTHRERE
Lf:tl\ﬁ@#?‘ﬁ?ﬁl?ﬁ“ﬁﬁb‘%ﬂf&‘éo In vitro
Tl A 35 25 40 R A0 1 I FFF ik b i o 25 4 R 4
(Huh7 #ifa) ARALSATLS, £, Eb induced
pluripotent stem cell (iPS) IS MSAFHBE~D 5L
FSEEMOERICHED. BAEEBILBIIEN
£k iPS #lg kAT HEIZ ALV LT HOV 8 EE
DBV, 1 HCV ZEITx9 B3R DB VEMEATE
BeTHY., izl HCoV ERMITRELTEESIT
L5, LML HCV 4/ LEAEDRBREMSF]
BICIEE->TWAEWL, HCOV /LB AZRELTIE
HCV R FZ &S EHHEL HCV RNAZ LMD
R—aviEIckYBASE DI FENH D, HOV H
FlLIEBEMATELL: HOV HANEIEEMFA

RAULSh TN, IEEMRCEATTEEA HOV %,

BATIEXRBRLEOVEVEETE 22 ICBLBIER#
&L CBIF R TIISHERBETRYT JFH-1 kO H
ThHhd. BEMBFEIAFVBEHETHY . EEFIFE
G AT A THILEDRBIER A H S, HCV
RNA OILSZbARL—Lav8AKIE, ChioDR
BRZEBRTETHHH. MEETEOBADE
DEEMNS in vivo PR BEERRIZEAITERT
ERLY BLEDTED D, AREICEN . BABED
BULYVHCV 7/ LB AEDOREIL AN FiT- 73 HCV 2R
ROBETHBLEADND,

ZI T AR, £ RNA #IH% RNA pol 1 %
BEILTz Ad RO4—ZFNT HCV ¥/ LEFET
R RGO A—ZBAFL . 775 HoV SEMET
- {lROBEERH -, ‘

B. BiRAk
1. HHRRiEE
© Huh7 #HR4. 293T #IBIZ 10% fetal bovine serum
(FBS)E& & Dulbecéo’s modified Eagle medium
(DMEM) ZFLVT 37 °C, fAFNZRSIE. 5% CO, &£#

FTRELE, ER PS #IRRSUER iPS MR

20

FHRIEUTORRCTHEESSIUCMEFEEET
o7

£ NBA R Rl 3F ARk MRCS Mlfah oif L Sh
1= iPS #HRa (Dotcom, JCRB Number: JCRB1327) (&
A4y C RETHORBHFMBEET 10
ng/ml fibroblast growth factor 2(FGF2) i/ iPSellon
HEE % (Cardio %) ZFLVT 37 °C. SATIRSIE. 5%
CO, &M T THELR, HMLFHEFIA . ErPSHRA
D EEE hESFO B K [10 ge/ml human
recombinant insulin, 5 4 g/ml human apotransferrin,
10 4 M 2-mercaptoethanol, 10- 4 M ethanolamine,
10 4 M sodium selenite. oleic acid conjugated with
fatty—acid-free bovine albumin (BSA) . 10 ng/ml
FGF2. 100 ng/ml heparin Z &ML 7= hESF-GRO &
7% (Cell Science & Technology Institute #1) 11235
LB LI, DUV VMiRaIZLI=E iPS #lifaz <)
FIL(BD #) EIZEBEL., 10 yg/ml human
recombinant insulin, 5 Y g/ml human apotransferrin,
10 4 M 2-mercaptoethanol, 10 ¢ M ethanolamine,
10 1 M sodium selenite, 0.5 mg/ml BSA. 100 ng/ml
Activin A ZHmML7T= hESF-DIF i%%i&((}ell Science
& Technology Institute 1) T 3 AIfIEELT -, & 3
H#. #ial< Ad-SOX17 % 3,000 VP/cell T 1.5 B§fH
kX, 10 ¢ g/ml human recombinant insulin, 5
100 uM
2-—mercap’coe’chanol‘s 10 M ethanolamine, 10 uM

tg/ml human  apotransferrin

sodium selenite, 0.5 mg/ml BSA. 20 ng/ml bone
morphogenetic protein 4(BMP4). 20 ng/ml FGF4 &
N hESF-DIF ¥ & & RALTTR AL ET3 AR
#Uf, 3 EIRIIEES. @IS Ad-HNF4-% 3,000
VP/cell G1.5 BRI RS, 8.3% tryptose phosphate
broth 83% FBS 10 uM hydrocortisone

-~ >



21-hemisuccinate. 1 ¢ M insulin, 25 mM NaHCQ,. 20
ng/mi growth factor . 20
Oncostatin M. 10 M Dexamethasone il L15 5%
#& (Invitrogen ) ZALVTTMZIIL LT 11 BRI
L. EFiPS #ifad kI MlRE S LFESE 1,

hepatocyte ng/ml

2. RNA pol 1 IR ZF Ad XI5 —DFRF
2-1 EEFHEEZ : ,
Ek RNA pol | 7RE—4—E LU= X RNA pol I

B—IR—B—a—RFESN-TFXEF pHH21 (ER
KEE AR T L YIRS O RNA pol LB Aty
M Ad RHE—S b LTS RASK pHMS (KBEAEE.
KOBLKYEE) ITHAA, S5ITESRNA pol 17
OE—4—TFIZLR—4—i#E{EF EGFPLuciferase
(EGFP J&{5F & Luciferase i@EF DA EET) &
BELU. ETSRAIFOEEFRBIIEUTOA
kT o7=, pHH21 O RNA Pol | 7OE—4—0) ki
ICHEET D AL A LZ UL, BF Klenow
flagment ZFALTEERIMILERIZ DNA B EcoRl
linker (TaKaRa)eDTA 5 =32 {T o1z SA5—
TavEMEHIRESR EcoRl TYIME. 512 RNA
pol 1 8—ZR—8—0D FFIZFTET % Nhel 1 FE4]
Bid BT &ITkY . RNA pol 1Atk DNA TS 4
UREEBLE, 0T, SrRLTSRIE pHMS O
TUNFHO—=o YA+ EIZHB EcoRl HAhH&
UF Nhel 5 F£E1BTL . RNA pol 1 #BAtvk DNA
TSTANNESAHF —av L. ST —avEDIC
&YIAVEFU ML DH5 0 (TOYOBO) M5 R T4
— A=A st BELERIARE O— %
L. FSRIF DNA 2EMRL T . BB
[2dkY A Y —ERERT HTET pHM5-Pol 1 %81,
&=, pHM5-Pol I @ RNA pol 1 7OE—4—TFIZHF
E9 % Kpnl YA b2ERL. RILFOR—Z2 5 YA
k DNA 23T AMESA7 —ar iz, TILFH0
—Z2 Y4k DNA D35 AU MIEV REH DNA;
5’ -GCCATGGGATATCTCTAGAGGATCCGAGCTCG
CGGCCGCGTAC-3' LU T F L XH DNA
5 ~-GCGGCCGCGAGCTCGGATCCTCTAGAGATAT
CCCATGGCGTAC-3' E#NATYXALE—avat

21

=bDERW:, SAT—avERI&YarvETy
Mzl DHSa RSV RTH—A—Lardt BHEIL
MM KGEIO— 2 EEL, T5ASK DNA £[H
WL=%., =IO REHTIZEY pHMS5-Pol I-MCS
#1871, $ L T, pCMV-EGFPLuc 0 EGFPLuciferase
BEFOLFETRO2HFRICEET S Neol YAk
ZYIFL . EGFPLuciferase DNA 254 AV E4ESIL
Tz pHM5-Pol I-MCS DL FHO—=25 9 (b L
[CTHFEET D Neol Y+ FZEUIETL . EGFPLuciferase
DNA I35 A eSS4 —av L, 545 —ay
EPIcEYarETForelL DHS @250 AT 4—4
—LavEdt, BRUZBIXBEI/O— EEE
L. 75X3KF DNA ZEMNLT-#. HIBERBRET
5Z&T, ERRNA pol I FIZ EGFPLuciferase B{5F
ZEELT- DNA BybEHLz Ad RI5—vhL
TS5REFTHBH pPWT-EL 2B 7=,

2-2 Ad AYE—DEH

RNA pol 1 53ty ME S 5 81 Ad X9 %—Ad-pol
I-EGFPLuc [EKDHEL LA BRI in vitro ligation
HITKYIERL Tz, pPWT-EL ZHI[REESR I-Ceul B
U PI-Scel (Z&UYBIETL. I-Ceul B LU PI-Scel Tl
[REESR LI L 1= pAdHM4 (5 B! Ad RO A—TS5RER)
ESAF—2avE otk BAVE—ICORTEET
BHIREER Swal CHIBiLI-S 45— av EmIz&Y
IVET UMl DHS0ZE MY R T4 —A—a &t
oo MBLI B KIBE/O— 285, SRR
Hindlll CHIEid 52 &ITkY. BRBIEFDIEALRE
BT, ST, MR Ad ROE—TSRIKE Pac

CHELT=%. SuperFect(QIAGEN %t)ZRLVT 293

HRIZFSY R T Y av L, 10~14 BRIEELE
1= CPE (cytopathic effect) &2 LT= 293 #iia%x
1,200 rpm. 5 SRERDLTEIRL, S EOHBERI
BEL. 3 BEIRBRBERYET LIcRYFRD
[ZHEEELT- Ad D4 JLRE 2,000 rpm. 10 SEEIDL
T cell debris ZBRELRIT, Fi-4 293 MRRICRE
B3t7z, CPE BMERBINDEFERDBIEERYEL.
BRI E S 293 HiRAZE LT LTHAM S —
® CVL(crude virus lysate) #%57=,



EURLT= CVL & CsCl B EAEE LRI LY BHR
L7, CVLZ 5 BEVEHMBEEYVIR T ZLITEYAdE
FBRPITHERESE , DNase 35K U RNase JLE% 155
452t B 1.25~1.40 O CsCl BEAER EICE
JEL. 35,000 rpm, 18°C, 1 BfELEILL Tz, BDF 21—
TRIZTERTAD/NAUFEEIRL, SHICHE 1.35
M CsCl EIZERBL. 35000 rpm, 18°CC 16 BERAE L
Lizo BDFa—TRICTELTAD/AAUFEEIRL,
LT DNy T7—[10mM Tris=HCKpH7.4), 1 mM
MgCl,, 10% glycerol]ZRL VT 4°CTCEHZT1T 1=, Ad
DYELHIFAF—I% Ad & TE 0.1% SDS R THA
{EL 14,000 rpm, 10 SRR E o7 kB0 260 nm
DFEEOBRELAEL. UTFTOXEROTEHL
T=o FEHLT= Ad 1Z-80°CICTHREFLI=,

Titer (VP/mI)=[OD,5,—0D,g(blank)] X 1.1 X 102

2-3 Ad RHS—FERER

Huh7 #HB3. HepG2 #HRZ. SK HEP-1 #ifa%
24-well plate [ITIBFELT=, IEEE 24 BRR&R. BER
ZfaE Ad R%%—% 300, 1000, 3000 VP/cell TR
SE T, B 1.5 B, SRR ERMU -, Rk 24
FEfE ., BEREZREL. MAREER LCp GRE Y
F4£)100 p ZRAVCTHIIAZ BMBLUT-, BURL -
B E-80°CTEK. 37T°CTHARL=%IZ 14,000
rpm 5 min CTRILNEITofz. BE. EF 20 p DI
75— HiEH%E Luciferase assay system
PGL5500(Evho—r BFEASUF 1) ZRAVTRE

L. AdRYS—BEFEAMEEZFTMEL -,

3. HoV HIF/LRBISASIEAIA—DERES
KUHL HOV SEMEERE
BETFHREZ
HCV HJ4 /L2255 A2 k& pRep~Feo
(RREMEH KR, IXET VBB ,SHIO—
=24 1=, pHM5-Pol -MCS @ RNA pol 1 FOE—
B—DTFFil=dH BsmBI YA & RNA pol [ #—3HR
—AB—D L FRIZ8H 5 BsmBI Y« FEHIERL . HCV 5T
FILLFIAVTST A NESAF—av = 5
A —SavEBIEYaLETFU ML DHSoE NS

3-1

22

VR I F=q S, BELERAKGE D
—U%REEL, JSASK DNA ZEIRLI-%. FIRE:
RENB LIV —ITORBHETITEIZEY pPol
I-1bFeo %8 1=, %L \T. pPol I-1bFeo DL AR—%—
BEFEEFFEEEFOMREBEETFTHS Feo
BEFEHBEBEZRLBIZLYLR—4—EEF
luciferase BIEFITEEH#AZ . pPol FHCV Z157=,
3-2 HCV FHMERDIEE ‘

Huh7 $#ia% 24-well plate IZFETEL . 24 BS[EEE
L1=#. HCV #B TS AZK pPol FHCV 0.8 pg LU
BEFEADEBERTFIASF pCMVB 02 pg %
SuperFect [ZLYHIRA~EA LT, BEFEA 25 B
B#. FBEDMV5—7z0VvESOHRERERIC
L, 72 BEME1E luciferase jETE. B-galactosidase

EUBLUHREFERERE L, Luciferase E1E

B &UB-galactosidase SEMILLL T D HEICLYRIE
Liz. BEFEA 72 BEE. BEKZREL. #la
FEREF] LCB 100 pl Z AL THIRBBREREILT=,
IR 7= $ER A AR 7 -80°C T A%, 37°C CRIMEL
12112 14,000 rpm, 5 min TEIDZE{TLY. Luciferase
assay system PGL5500 L TEE 20 pl D7
T5—EEEERMEL, /=, Luminescent P—gal
Kit (Clontech)ZFL\TL{E 20 pl DB-galactosidase
EUEAELZ, RIC, HREFEREILTOAEIC
KOTRAIRLI EEFEA 72 BRE&. #IC
WST-8 ${Z(Nacalai tesque) ZFEML.0.5~1 BiE

BELRICEE LBORIRE (450 nm) ZRIELT=,

Luciferase ;&% Idp-galactosidase SEETHIEL ., A
DA—DxOVERMEE 100%E L TE B U, F-.
M4 FERE L 4—7z0VERMEE 100% LU
THEHL=,

3-3 HCV h‘ﬁ'f/lx%iﬁ Ad RO 5—D Ve |
WAL 2-2 LRI D A EERAVLTHCY 3745
JLEBE Ad XYS5—DEREEA =,

4. RNApol | REZOEHEIL
41 BiaTFHEER
FhSH AP (tet) trans—activator §E S EEFI




TRE & 3 783 RNA pol I TOE—4—T55 Ak
(-235~~1, =311~-1, ~-412~-NEERMESHE T2 tet
HIEE RNA pol 1 TOE—4—(P235, P311, P412)
ZEBILT=, Tet Hl8HYE CMV TOE—4—Ma—F&
NI=TSAZF pHM5-TREL2 (K D8+ K VEE) A DS
TRE ST AU MDD LFIZEH B Pl-Scel A FEKUT
RIZHBKonl AR TUIYH I TLITKY, TRETSY
AUREHESILT=, 3 TEEED RNA pol 1 755 AUk
pHM5-Pol 1 27 FL—F&LT PCR kIR YIBIEL
1= o pHM5—-Pol I J&%(0.1 mg/mi) 1 pl. 10 x PCR buffer
for KOD plus 5 pl, 2.5 mM MgSO, 2 i, 2.5 mM dNTP
mix 5 pl. 10 pM primers 3 pl. WEFEHIK 30 .5
U/l Takara kod plus 1 pt ZB &L PCR #1727z, &
RNA pol 1 755 A RADTS51<—EFIIE, P235
Forward; 5 ~ GCGGTACCCGGGTCGAGACGGGCGG
CCGGGAGGGCGT -3’ . P;311 Forward; 5’ ~ GCGG
TACCCGGGTCGAGGTGTGTCCCGGTCGTAGGAG-
3’ . P412 Forward; 5’ ~ GCGGTACCCGGGTCGAG
TCTTTCCTGCGTTATCCCCT -3’ ,  Reverse (£75
A 3E58) ; 5’ - GCTCTAGAGATATCGCTAGCGT
-3 &L#=, PCR ME&HIE. 94°C 2 min D, 94°C
30 sec, 59°C 30 sec. 68°C 30 sec % 35 1%L,
PCR . PCREWEERIKBIZLYSBE-TBEL.
BE %5 Konl & Xbal [k Y ¥EF L 1=, pHM5-Pol I-MCS
@ RNA pol 1 7OE—4—0 L FilI=% 3 Pl-Scel H4
FEEKUTHRIZHS Xbal YA+ ELIETL. TRE 755
AURBEU RNA pol 1 7355 A bESA5—Savl
Tzo AT —aVEMICEYIVET U M2IL DH5a
ENSURTA—A—S A&t e, BRI AR
BoO—U%EEL, TSAIRDNAZEIRL =%, #i
RERBHEIUS—IIURBHTIZKY . pP235,
pP311, pP412 %481, RIZ. pCMV-EGFPLuc-
IRES-neo ) EGFPLuciferase & {zF 0 L FRIZHFEET
% Nhel YA bB LU TRICEET S BamHl (%
Vg B &lzkY . EGFPLuciferase DNA 54 A
FEESILT, pP235. pP311, pP412 DT ILFHO—
ZUT YA EIZEET S Nnel HAREEU BamHl
A FEEIETL . EGFPLuciferase DNA T34 A&
SAT—aVETol. AT —av EYICLKYD
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YEFUMzIL DHS0 NSV R TF—A—avEd
f=o MRLI-SI KIFEI/O—0FEEL, TSAER
DNA ZERIWL-%.WEBERBHIZXY.
pP;235-EL, pP311-EL, pP412-EL 51,

4-2 Tet HlfMHE RNA pol I IR RO WHAEET

Huh7 #ifa% 24-well plate IZHEFEL. 24 e
LTtk Tet BB RNA pol 1 RERTSRIK
(pP235-EL. pP311-EL Ff=l& pP412-EL) 0.1 pe.
tet HIHIME trans-activator B TSSAZF (pHM5~TA
F1z1% pHM5-rtTA) 0.8 pg BEPBEEFEATIER
ERTSAIF pCMVP 0.1 pg % SuperFect ZRALNT
HRRICBA L, Bz FEA 25 BHE®. EREOR
FOHALOYEETHMRBERICKBL. BEETF
RBEHEHLE BAETRRFE 4 BHAK.
luciferase JEEH KU B-galactosidase EMEEER
7% 3-2 LRFGHIETHE L,

4-3 Ad R9L—D e

 AdP235-EL BEU AdTA [ZI¥PILTSRER
pP235-EL B KU pHMS—TA HHEFZE % 2-2 L
BOFETHER- BRI, B Ad R95—D
EW 2R A5 — & Adeno-X rapid titer kit
(Clontechy£ ALV TRIRE LT,

44 Ad RYHS— SRR

Huh7 #ifa% 24-well plate [ZHEFEL . Ad~tTA (10
%1214 50 MOD) #5 U AdP235-EL (5 421 10 MOD
EHBREIE, B 48 BRERICHAAER LCB
ZRVTHRARE mEBIL. Luciferase assay
system PGL5500 ERAVTL Y DxS5—EEHENE
L7z '

5. HCV HI4/LRE Ad RIE—DIES
5-1 EETFHEZ

HCV J5 /LU F)arI55 A ME pPol
I-1bFeo Mo 0—=4% L1z, pP235 @ RNA pol 1
OE—4—@ T HI<#H 5 BsmBl ¥4 & RNA pol 14
—SR—4—D LKIZHSD BsmBl S hELIEFL.




HCV Y TJ5 /LU T)aV 75T Ao heSA4 45—
vl AT —avEMIZEYavETFUML
DH5 @ &SV R T —A—2avdtfz, WL
SRBEIO— & EEL, TSAIF DNA ZEUIL
1=, GIRBEBRBHEITOLICKY., pP235-1bFeo
#1& 1=, HEL VT, pP235-1bFeo DLR—A—EIEF &
EHMEEETFLLR—2—BETFOREEETT
$% Feo HMIETFEHBRERMBICLYLK—4—T
{& F renilla luciferase E{fz FICE E# % .
pP235-HCV %=, £-. EHEEXRIBMK HCV BT
7/ LTST A ME pPR235-HOV TV TL—hEL
T PCR 5[k Y4ESBILT=, pP235-HOV &% (0.1
mg/ml) 1 pl, 10 x PCR buffer for KOD plus 5 pl, 2.5
mM MgSO, 2 pl, 2.5 mM dNTP mix 5 pl. 10 uM primer
A 3 .10 uM primer B 3 pl, JREFESIK 30 . 5
U/pl Takara kod plus 1 ul Z/B&L PCRZ{TH&IC
&Y PCREW 1 Z#181-, pP,235-HCV ;& #&(0.1 mg/ml)
1 pl. 10 x PCR buffer for KOD plus 5 pl. 25 mM
MgSO, 2 pl, 2.5 mM dNTP mix 5 pl, 10 uM primer C 3
pl, 10 uM primer D 3 pl, IREIFEEK 30 pl. 5 U/pl
Takara kod plus 1 pl ZE&L PCRE{TIZEICKY
PCREW 2 2% 1=. PCREY 1 B&U 2 (£ 1%7H D
—RFIVERWVWTERIKEIZ1To7=#. QIAEX Il Gel
Extraction Kit (QIAGEN %1) ZRLVTHREL -, PCR
W 1 387(0.1 mg/ml) 0.5 pl, PCR E¥ 2 78i%(0.1
mg/mil) 0.5 pl, 10 x PCR buffer for KOD plus 5 pl, 2.5
mM MgSO, 2 pl, 2.5 mM dNTP mix 5 pl, 10 pM primer
A 3 pl, 10 uM primer D 3 pl. JREIFESIK 30 pl. 5
U/l Takara kod plus 1 pl ZiB&L PCRZE{TH_ &I
&Y PCR EW 3 81, TS5A<—EHIIL. primer A;
5’ ~ TTTGACAGACTGCAGGTCCTGGATGACCAT-

3’ primer B; 5’ -~ CGCGCTTTCGCAGATCGTGCAG
TCCTGGAGCTTTGCAGCT-3" . primer C; 5"~ CTC
CAGGACTGCACGATCTGCGAAAGCGCGGGAACC

CAGG -3’ . primer D; 5" - CATCCTTGCCCATAAG

GTGGGCGCATACAT -3’ &L7-, PCR D& #(E.
94°C 2 min M. 94°C 30 sec, 50°C 30 sec. 68°C
2min%& 35 Y 14JL, PCR# . PCR E#) 3 % QlAquick
PCR Purification Kit (QIAGEN #1)Z&FLVTHEEIL . &l

FREZSR Hpal & Mfel IZ&YEIERL . GDD 18 NS5B 7
S5 AUREESL T, pP235-HCV O GDD EF—7
D LFIH S Mfel U FE LU TFiFEIZ3H S Hpal o
FE1HL . GDD K18 NS5B 754 AU MESA 5 —
avlilz, SA5—2avEwIc&YarEFohtiL
DH50. ZM5V RT7A—A—Savdditz, BELTI=HH
MRBEIO—2EEEL, T5ASF DNA ZEUL
=&, —OTORBITITLY. pP235-AGDD %1%
1=

5-2 Ad NUA—DEH

HCV Y04 / L 53R Ad A9 4—AdP;235-HCV &
KU BEREERIBIK HOV B T4/ LFEE Ad R94—
AdP;235-AGDD [ZZ3RER A% 2-2 LRI LTS
L=,

5-3 Ad Ry4—FHFER

HCV B 04 / L 3EI] Ad R 4—AdP,235-HCV O
FI%E HCV NS5A A U EZ RN T HETHEREL
1= Huh7 #ii8% 24-well plate IZfBFEL | 153 24 B5RE
%, KEHZHBRSE AdP235-HCV (10 MOD #
Ad-tTA (50 MO &kREEE7-, B3 1.5 FRE.
BEERERMU =, B 72 BR%R. BEREREL.
RIPA buffer [50 mM Tris—HCI (pH 7.4), 1% Nonidet
P-40, 0.25% sodium deo*ycholate, 150mM NaCl, TmM
EDTA, 1% protease inhibitor cocktail] ZFLNCHIE
%SMLT, BIRLI-#BEMAIL 14,000 rpm. 5
min CRDEToTz. Bk, EBEOSVNVERE
% BCA protein assay kit (Thermo $#H)ZRWTHRITEL
1= MR ARR X western blotting jE1Zdk Y, NS5A

- &UB-actin DFRREMEBL=, MIEBHEHITRE
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JBFE 30 mg/ml &723K3(C 4 X sample buffer [0.5M
Tris—HCI (pH6.8), 20% 2-Mercaptoethanol, 8% SDS,
20% Sucrose, 0.008% Bromophenol blue] &BEL.
100°C 5 min ALIBL 1=, HHALIEARE 30 peg 1% 10% K1

FOUNTIRFNERWTERKBET o8,

polyvinylidene difluoride membrane IZERELT=, A
TS50 S%AFLINVZFAVCTERT 2 BRENE
FBHILIzkYTayF 2T Uiz, A0TSR HCV



NS5A $i{&(Meridian Life Science $t)FE 7=z I&HiB-actin
Biik(Sigma t)ZALVTEIR T 2 BRIMEL-EIZ.
HRP 128 = X Hi i (Millipore $1)Z =R T 1 BRINIE
L . ECL Western Blotting Detection System (GE
Healthcare $#1)Z FALNTHRHL 1=,

Tl HCV YT 5 /LB Ad Ry 58—
AdP235-HCV DHRBELHR—F—F2 I\ 0BT
S5—CEDFEHERET DL TRERELIz, Huh #
fa% 24-well plate IZf&FEL . AdP;235-HCV (10 MOI)
BEU AdHTA (50 MODZE LB EE 1=, B 1.5 B
%, F¥I Y1 aFIBERERMUK, B
48 B5 R # 1= Renilla Luciferase Assay System
(Promega 1) ZRWLVTIL L 7z5—EEEEREL
Tz : ' ‘

5-4 Ad ROA—HEHCV YT/ LDEHEDR
iE , E

HOV 4D 5/ Ls 8638 Ad RS 8 —AdP235-HCV
$d HCV H T4/ Ls RNA /% HCV NS5B (RNA K7
T RNA polymerase) |Z&UEBEIND &%, 18 8UEE
RBE HOY YT HF/LREBR Ad RY 55—
AdP;235-AGDD DI TTF—EE LB HTE
ISR YRRREL 1=, Huh7 #BH&% 24-well plate [THBFEL
T=o I 24 SR, IEBRZEPRE AdP235-HCV &
F-1% AdP,235-AGDD (3 MOD) % Ad—TA (15 MOI) &
FHBP I, B 24 AL, REEE 10 pg/ml
FXIBAOUOEFEBRBEHRMU Iz, B2 72 B
f#&. BEBRZBRZEL. Renilla Luciferase Assay
System ZRLTILITS—EEEEMEL .

Ff=. —$5 HCV RNA [& HCV %% NS5B [k Y48
2LIEGESICOAREESNS HCV YT/ L#HE
- Ad AYA—AdP235-HCV BEFEMBIZH LT
HCV RNA MEAINDHTEEREELT-. Huh #ifa%
24~well plate IZFHEREL 1=, 153 24 BSRE. BEER
%08 %E AdP235-HCV 1=I& AdP,235-AGDD (3 MOI)
% Ad—TA (15 MOY) &It/ , B 24 BERAHE.
RICRE 10 pg/ml FXIH AV BREERER
MU=, Bk 72 B, FUT OV MBI K%
EURLY Y BB E S RICEEL., MRS
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High Pure RNA Isolation Kit (Roche ?_'t)é}fﬁ(,\’c RNA
ERELI-. BB RNA [X—%8 HCV RNA HEHN
primer F1-(% GAPDH %5289 primer féﬁb\fﬁﬁﬁg

RIEEFTFSZ&IZ&Y cDNAZESL 1=, RNA J& (0.1

mg/ml) 2 pl, 2 pM primers 1 pl, HEBHK 75 W %
BAL 65°C. 5 min AEL., T <CIZKET S5 min 5

- L7z, 10 x RT buffer 2 pl. 25 mM MgCl, 4 pl. 2.5 mM

dNTP mix 2 pl, 40 U/pl RNase Inhibitor 0.5 ml, 20
U/pl AMV Reverse Transcriptase XL 1 pl ZENL
60°C. 50 min FIGSE7=1&I1Z. 85°C. 5 min JREELT=,

%% primer DELFE — 5 HCV RNA 520 primer: 5 -

GCCAGCCCCCGATTGGGG -3’ . GAPDH R4
primer; 5 — TCTACATGGCAACTGTGA -3 &L=,
cDNA I& PCR 3124k Y HCV NS3 & Uf GAPDH %18
BL. 2% PHO—RSLERAVCESKBETE
L7z, cDNA J&# 1 pl. 10 x Ex Taq buffer 2 pl. 25
mM MgCl, 1.2 pl, 25 mM dNTP mix 1 pl, 10 pM
primers 1 pl, JRE K 12.7 pl. 5 U/pl TaKaRa Ex
Taqg 0.1 pl ZEEL PCR Z#1Tofz, & primer DEZF
I& HCV NS3 Forward primer: 5’ = ATGGCGCCTATT
ACGGCC -3’ ., HCV NS3 Reverse primer: 5 — TGGT
CTACATTAGTGTAC =3’ . GAPDH Forward primer:
5~ GGTGGTCTCCTCTGACTTCAACA -3 .
GAPDH Reverse primer: 5’ ~ GTGGTCGTTGAGGGC

AATG -3 &LT=, PCR W& 1L, 95°C 2 min D,

95°C 10 sec, 55°C 30 sec. 72°C 30 sec & 35 Y14
}l’o

6. HCVHIH/LREE Ad NY5—FFLV=H HCV

EEE AT

Huh7 #lia% 24-well plate ITIERBLUEELT, IEE
24 B, BERERE AdPI235-HCV F7=(X
AdP1235- AGDD (3 MONZ% Ad-tTA(15 MOI) &3tk
Xz, B 24 BEE . Dox(RIZEE 10 yg/ml)
BLURRED IFN 28T EEREHRML ., B
72 BEE. LI IS—EEEBIUVHIRETRES
BELIz, W Tx5—HiEHIL Renilla Luciferase
Assay System ZHAWT, HIRAES (L WST-8 HZE
ZRAWTAREL L 715—EF R LU HIRRE




EEIX IFN SERMEEE 100%& L TEHLT=,

7. EkiPS #iBR R RATHARICE TS HOV BEZR

O RERS |

Eh iPS #E. £k iPS #MREBRFABE LU
Huh? #BIZN TS BIZLYEURL PBS (<
L7z, #RARSEA 7 1% High Pure RNA Isolation Kit % Ff
VT RNAZBEL T, #3 RNA [ SuperScript VILO
cDNA Synthesis Kit (Invitrogen 1) Z R CHEGE K
ISEFTICEIZEY cDNA ZHESLT=, RNA 5% (0.1
mg/ml)2 =15 x VILO Reaction Mix 4 -l, 10 x
SuperScript Enzyme Mix 2 L WEREIK 121 %R
&L 25 °C, 10 min JLEL, 42 °C. 60 min RIGEH 1=
#&I12.85 °C. 5 min iN#LT=, cDNA [& PCR iEIZ&Y
CD81, SR-BI, claudin-1, occludin #& U GAPDH %
BiEL, 227 H0— RS LERAVNTESKBIZTL
R UTz, cDNA 77 1 -1, 10 x Ex Taq buffer 2 -1,
25 mM MgCl, 1.2 =1, 2.5 mM dNTP mix 1 =1, 10 =M
primers 1 =1, IREEHEIK 12.7 -1, 5 U/ TaKaRa Ex
Taq 0.1 1 ZRBA&L PCR £1To71=, & primer DECF
[& CD81 Forward primer: 5° ~ CGCCAAGGATGTGAA
GCAGTTC -3’ . CD81 Reverse primer: 5 -
TCCCGGAGAAGAGGTCATCGAT -3° .
Forward primer: 5 ~ ATTCCGATCAGTGCAACATGA
-3’ . SR-BI Reverse primer: 5 — CAGTTTTGCTTC
~ CTGCAGCACAG -3’ . ¢claudin—1 Forward primer: 5" —
TCAGCACTGCCCTGCCCCAGT -3’
Reverse primer: 5"~ TGGTGTTGGGTAAGAGGTTGT

. claudin—1

-3’ . occludin Forward primer: 5’ — TCAGGGAATAT

CCACCTATCACTTCAG -3’
primer: 5' ~ CATCAGCAGCAGCCATGTACTCTTCAC
-3’ . GAPDH Forward primer: 5 = TCTTCACCACCA
TGGAGAAG -3’ . GAPDH Reverse primer: 5 —
ACCACCTGGTGCTCAGTGTA -3’ &L1=. PCR D%
#1%. CD81: 94 °C 2 min D%, 94 °C 45 sec.
60 °C 60 sec.72 °C 90 sec & 27 ¥ L. SR-BL
94 °C 2 min M. 94 °C 45 sec. 55 °C 60 sec,
72 °C 90 sec % 27 Y A7)l claudin-1: 94 °C 2 min
D, 94 °C 45sec, 55 °C 60sec. 72 °C 90sec &

. occludin - Reverse

SR-BI -
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27 B AL, occludin: 94 °C 2 min M. 94 °C 45
sec, 55 °C 60 sec, 72 °C 90 sec & 27 YA V)L,
GAPDH: 94 °C 2 min M#:. 94 °C 45 sec. 55 °C 60
sec. 72 °C 90 sec & 20 A VM= THFot=, FEX
3 PCR EWMODHY 4 XL, CD81: 245 bp, SR-BL
788 bp. claudin—1: 521 bp. occludin: 189 bp, GAPDH:
544 bp T#H 5. '

8. HCVpv a)ﬂi%
HCV B AR DT=-HIZALV=VSVpvIZLLFDA

ETHEELE,

293T #R% 100 mm dish [ZHBFEL 24 FERASEEL
f=121Z. TransIT-LT1 (Mirus #t) ZRLVT VSV G &V
ROBRBETSAIR pCAGVSVG £S5 R 793
Ltz TSASFEA 24 Bk, ToRD—T G4y
NOBENLIS5—EEEFICEEHRA T VSVpv
(RER KM AEDRRART . WERLIYHHRETRE
W) RS, Bl 24-36 BRA . IEBHEZEE
IRL. 2,000 rpm. 5 min DLz E O LiE%E VSVpv &
LTERALT=, VSVpv [3-80 CIZTHRELT=,
HCoV Ex\ﬁﬂﬁmf—&)km\# HCVpv [ELLF DA iR
rf’ﬁﬂuto

293T #RE% 100 mm dish [ZIBFEL 24 B%ﬁﬂi*%t,
1=1&1Z. TransIT-LT1(Mirus 1) ZFALVT HCV E1, E2
FBTS5AIF pCAG-Conl M52 RT3 30Tz,
TSREFEA 24 B VSVpv % 2 BRI RS E
#ifaz DMEM 8 ml T 5 E i L7<#I< DMEM 10 mi
ZRMUEEL . VSVpy Bk 24 etk IERHE
EUYL . 2,000 rpm., 5 min BiDLI=# 0 LiF%E HCVpv
ELTHERLTz, HCVpy [£-80 CIZTRELT .

9. HCVYIH/LHEE AdAIEZ—FHAL-ERIPS
- 4B OB - i HOV SR AEHT
9-1 k£ iPS #lifa Bk FFHERIZE TS HoV BAMRHT
48-well plate [ZTHLEFELT- iPS #BRa Bk FFH
BB LU 48-well plate IZfEFELT- iPS #IRAE LU
Huh? #ifaz RELT-, & 24 BRI ., EERERT
HCVpv ZRhL 2 B, R 2 B,

FLLMEERICTRL, 24 BRI EL, 28R L



Y 7x5—EERERNEL,

9-2 E£b iPS MIREEEFHEMRICEITHBEZEE
{RERIZE HOV B AT ‘

48-well plate [STHEFEELZPS %HEEE%H%B
BB LU 48-well plate [ZIBRELT iPS Mifas LU
Huh7 #lfaZ FAELT:, 158 24 BEZ. HobLHR
CcD81 H{k (JS-81; BD Biosciences 1) Ef=lda bk
A—JLTJR IgG & 2 Bl A > F 2 _"A—k L7z HCVpv
FrzI& VSVpy EMIRRICHEML 2 RRIRLS U, &
5 2 BRI FLOMERRITIEL, 24 BRISEL
fzo ZO#H. WL ITS—HFMERE L .

9-3 HCVHI7/ LFEB Ad 4 —HEHCV T
7/ LDEREDIRIL

48-well plate [CTH{EEEELT- iPS ”ﬁﬁﬂﬂﬂiﬂﬁﬁ%ﬂ
fEE KU 48-well plate [ZHEFELT- iPS MIRAB LU
Huh? #IfBZRARBLT=. AT, RERF & 5-4 LREL
HiETITo1=,

9-4 HCV Y74/ LHE Ad Ry5—FRALV=H
HCV ZEETHE

48-well plate t:«:ﬁa\ita‘wu— iPS %mﬂﬁﬁﬂsﬂ%“ﬁm
fids KU 48-well plate [Z#EFEL 7= Huh7 fiRaZ ALV T,
B. 3 DA EICELTREREToT=,

10. HCV JJL5 /L poll BRFRAL vRIVTSASFED
R

HCV L4/ Ls pou %iﬁ;ﬁv«'wwvaFT&s
% pHM18-HCV [ZLIF DA ETERL -,

%7 . pHM5-TREP235-MCS &YThFH 171>
F18 poll BB A vbE. ThIY A7) 5 poll 7
OE—4—LKIC Mfel A bEFMLIZTS547—
( 5" -ATTGCAATTGTGAAAGTCGAGCTCGGTACC-
3 )B&U poll H—IR—E—TFIZ ARl Y hZE{F
MLF=F 54 <— (5 ~ACGGCTTAAGGTAGCGAAAG
CTTGCATGCC-3' )ZFALVTPCRIEICKWIBIELT=,
HIELT-BF K ISx LT Mfel JH{E R UX AFILEEL =D
L. Ecol LB KU Al HLZEFT I
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pHM18-UB-GFP [Z, TADNA YH—EZRALI=S445
—2ay RIGIZEYTSH A0 6l poll IRt
whZH#EAL. pHM18-TREP235-MCS ZAEHILT=, &
(2 BALETRSHAIY I poll Ay, LL
FIZRT 3 BEEORTYTIZKY HOV TG/ L
cDNAGEfZFE 2b B) DEAZIT oz, BH. AL
7= HCV ZJL%°/ Ls cDNA [&. RERERER KE )
AEH BEIUBRSEN . 7. BBLLE
HCV cDNA DR TiRIZFET S BamHl A hvin 3
RKIFETOREEZE. ULTFTICRTTI47—
(5" -GCCGGATCCACTCCCCCTTC-3' ) . R U T 7
IZ BsmBl Y4 FZMLETSA7—
( 5" -AATTAAcgtctcaGGGACATGATCTGCAGAGAG
ACCA-3' )Z#RULVT PCREICKVIBIELT=, BIELT-
BT 123U C BamHI jE{E B U BsmBIHIELT=D5,
BamHI 8 1L & U' Spel iH £ L = pHMI18-
TREP235-MCS 2, TADNA UH—HEZ#RAL=544
—2aV RIGIZEYIBEAT HIET HCV cDNA B 3
B0 —E%EHE AL, pHM18-TREP235-3" HOV ZiEs
Lo RIZ. $5EIELT= HOV oDNA O 5 SREEAD,
HCV cDNA (& LRI T S Spel 1/ METDHE
&, LifIC BsmBl ZMLIZT 517 —(5 -
TTAATTCGTCTCGTATTGACCTGCCCCTAATAGG

GGCGA-3') . RUFHIC BamHl ZfHmLIT514<
— (5"~ AATTAAGGATCCAGCCACTAGTAGTACGA

CCCGCT-3’ )ZMLVT PCR #%:%1f752&T HCV
cDNA @ 5 BID—ERZIBIEL 1=, IBIEL 1= I <3
LC BsmBI &1L & Uf BamHI B {ELI=D5 . BamHI &
feLf= pHM18-TREP235-3' HCV [Z, T4ADNA yH—
EERVESAF—YarvRBICEYEAL.,
pHM18-TREP235-5" 3’ HCV Z#{ERL71=, I, HCV
cDNA [ZXL T Spel ;B1b B U BamHI JH{ELTzD5.
Boni-BiF%, Spel LR U BamHI HIEL=D5
[T WVAYIHRIT7A—ERIGICEY B VB {L
BWEMLT- pHM18-TREP235-5" 3" HCV |, TADNA
YH—EERWESAT—YaVv RIBIZKYEATS
C&T pHMI8-HCV ZEERILT=, B8, BiETFEAE
AOEBRBIZHNT, ERLETSRIKOBEAKE
DOEBEBEHNE, O—I T RBHF(O—0T A%t



