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FIGURE 4. Increased expression of the BZLF1 protein on exogenous expression of TORC2. A and B, GTC-4
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expression vector were incubated for 24 h followed by IB with anti-BZLF 1, -FLAG, and -GAPDH antibodies.

o

A 2 &
@]

G R

35
IBTORC2 i

IB;GAPDH

RTPCR.TORC2 [

B

30 F
25 §

20 F

Fold Activation
I

o
i

si-TORC2 B
si-Cont

si-TORC2

si-Cont

N

+,

RTPCR;GAPDH

C

siRNA siRNA

Cont TORC2

TPA/A23187 + +

I1B;:BZLF1 o aad
IB;BMRF1
IB;BALF5
IB;GAPDH
IB;TORC2

RTPCR;TORGC2

mpcmoncz-
RTPCR:GAPDH=

D
siRNA siRNA
Cont TORC2
I9G + +
1B;BZLF1 " s “
1B:BMRF1
IBBALF5 . e

IB-GAPDH St s

1B;TORC2
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examined by IB or RT-PCR.

suggest a cooperative influence of the BZLF1 protein and dephos-
phorylated TORC2 in the presence of calcineurin signaling

activation.

Role of TORC2 in EBV Reactivation from Latency—To exam-
ine the role of TORC2 in EBV reactivation from latency, GTC-4
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cells, in which EBV is latently
infected, were transfected with the
TORC2 expression vector and incu-
bated with or without TPA/A23187
(Fig. 4A). The cells expressed the
BZLF1, BMRF1, and BALF5 pro-
teins in response to TPA/A23187
treatment, and further exogenous
expression of TORC2 increased the
levels of the proteins. A similar result
was obtained in Akata cells (Fig. 48).
Expression of S171A mutant of
TORC2 appears to impact on BZLF1
levels significantly (data not shown).
We also tested EBV-293 cells, in
which levels of exogenous gene
expression are very efficient (Fig. 4C).
Even in the absence of TPA/A23187,
overexpression of TORC2 clearly
enhanced BZLF1 protein levels.

To examine the function of
TORC2 under physiological condi-
tions, we employed siRNA technol-
ogy using a synthetic oligonucleo-
tide that forms a duplex RNA
encoding partial nucleotides from
TORC2. As shown in Fig. 54, treat-
ment with siRNA against TORC2
reduced the level of TORC2 mRNA
in HEK293T cells, whereas the level
of GAPDH remained unchanged.
TORC2 siRNA treatment also
resulted in a decrease in the BZLF1-
mediated transcription (Fig. 5B;
+Z, si-TORC2) when compared
with control siRNA treatment (+Z,
si-Cont).

In addition, the effect of siRNA
against TORC2 was also examined
in GTC-4 and Akata cells, as shown
in Fig. 5, C and D, respectively.
Treatment with TORC2 siRNA
suppressed the mRNA expression
of TORC2, whereas the GAPDH
gene was unaffected. The treatment
also reduced the levels of viral lytic
proteins including BZLF1.

To eliminate the possibility that
the siRNA against TORC2 might
elicit interferon signaling path-
way, we analyzed interferon-p
expression by RT-PCR (33)
because activation of the signaling

pathway provoked by double-stranded RNA causes the pro-
moter activation. Treatment with TORC2 siRNA did not
induce the levels of interferon-f (supplemental Fig. S2),
indicating that interferon signaling is not activated by si-

TORC2.
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To deny the possibility that the TORC2 siRNA used in Fig. 5
might act through unknown off-target effects, we tested
another TORC2 siRNA in supplemental Fig. 3. It also sup-
pressed the expression level of the BZLF1 protein.

To test if not only TORC2 but also other TORCs might be
involved in this process, all the members of TORC proteins
were silenced simultaneously. In that case, however, reduction
of the BZLF1 level was no stronger than that by si-TORC2 only
(Fig. supplemental S4), suggesting the dominant role of TORC2
in this transcriptional activation. These results strongly suggest
the importance of TORC2 in BZLF1 production and EBV reac-
tivation from latency.

DISCUSSION

In this report we document evidence that TORC is able to
enhance transcription from Zp and, more interestingly, that
TORC interacts with the BZLF1 protein to activate the pro-
moter very strongly. Fig. 6 shows our working model for Zp
induction. Previous studies have demonstrated that both ZI
and ZII elements are necessary for the initial activation (2, 34).
It has been reported that myocyte enhancer factor 2D plays a
crucial role in virus reactivation from latency (5), being dephos-
phorylated by calcineurin and enhancing its binding to ZI
CREB family transcription factors bind to ZII when phospho-
rylated by protein kinase C, calmodulin kinase, or possibly
mitogen-activated protein kinases. In addition to the activation
by phosphorylation, our reporter assays indicated that CREB is
activated by TORC in a CREB phosphorylation-independent
manner. Furthermore, our study strongly suggests that TORC

8040 JOURNAL OF BIOLOGICAL CHEMISTRY

also potentiates the promoter activity by binding to the ZIII
element through the BZLF1 protein. Calcineurin, a serine/thre-
onine-phosphatase sensitive to cyclosporin A is responsible for
the dephosphorylation and the activation of TORC. In turn,
cyclosporin A and FK506 are very effective for suppressing
EBV.

A number of cellular proteins have been reported to interact
with the BZLF1 protein, including p53 (35, 36), C/EBPa (37),
NF-«B (38), basic transcriptional machinery TFII components
(39), and CREB-binding protein (CBP) (40, 41). Among these,
CBP has histone acetyltransferase activity and cooperates with
the BZLF1 protein to transactivate BZLF1-dependent tran-
scription, inducing the viral lytic cycle. Mutation analysis
revealed that at least the homodimerization domain (b-Zip) of
the BZLF1 protein is required for its interaction with CBP, but
other parts of the protein also must be involved in the associa-
tion (40, 41). The BZLF1 protein also interacts with TFII com-
ponents mainly through the transactivation domain and stabi-
lizes the association of initiation complexes on DNA. Stable
assembly of general transcriptional machinery might promote
transcription from BZLF1-responsive promoters. Interestingly,
TORC enhances the interaction of CREB with the TAF,130
component of TFIID (11), and at least TORC2 mediates target
gene activation by associating with CBP/p300 and increasing its
recruitment to CREB-responsive promoters (31). From these
studies and our own results, the BZLF1 protein may not only
directly recruit CBP/p300 and basic transcriptional machinery
but also be able to recruit them through TORC2.

Besides EBV, transcription from human T-cell leukemia
virus type 1 long terminal repeats is also affected by TORC
proteins (21, 42). TORC activates long terminal repeats
through interaction with the viral transcriptional factor Tax as
well as CREB. So this mode of the action is quite parallel to the
situation with EBV. Because both human T-cell leukemia virus
type 1 and EBV are lymphotropic viruses, there is a possibility
that other lymphotropic viruses such as the human immunod-
eficiency virus might also be controlled by TORC proteins.

Curiously, although CMV immediate-early promoter has a
CREB binding motif (26), we here observe that transcription
from the promoter is less affected by TORC proteins (Fig. 1C)
when compared with the BZLF1 promoter, an EBV immediate-
early gene. Others also have used expression vectors driven by
the CMV immediate-early promoter and shown that the pro-
moter activity is relatively unaffected (22, 42). It is speculated
that this might be because the activation by TORC is dependent
on the promoter context (11, 43). Because immediate-early
genes of herpesviruses are crucial for lytic infection, distinct
dependence of the promoters on TORC proteins may reflect
differences in the characters of those herpesviruses.

Although TORC proteins could enhance Zp 100-fold in
reporter assays, overexpression or ablation of TORC2 had only
a relatively small impact on BZLF1 production under physio-
logical conditions. It is likely that transcriptional suppressors of
the promoter such as YY1 (44) might inhibit transcription.
Another intriguing possibility is that there might be epigenetic
regulation such as DNA methylation or histone deacetylation.
Interestingly, Gruffat et al. (45) reported that myocyte
enhancer factor 2 family protein, a crucial transactivator for the
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Zp, recruits class II histone deacetylases to suppress transcrip-
tion from Zp. They argued that the switch from latency to the
productive cycle is dependent at least in part on the post-trans-
lational modification of myocyte enhancer factor 2 and local
acetylation state of histones around the Zp. Likewise, the tran-
scriptional co-activator TORC can associate with BCL-3, which
recruits histone deacetylases to inhibit transcription (22).
These results and the cited reports suggest that the molecular
mechanism regulating EBV reactivation from latency is not
quite as simple as expected, and further clarification of the
mechanism of BZLF1-mediated transcription is necessary. Elu-
cidation of associating factors and chromosomal environment
of the Zp proximity may contribute to the development of anti-
EBV compounds.
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We have so far reported that an immunosuppressant cyclosporin
A (CsA), a well-known cyclophilin (CyP) inhibitor (CP1), strongly
suppressed hepatitis C virus (HCV) replication in cell culture, and
that CyPB was a cellular cofactor for viral replication. To further
investigate antiviral mechanisms of CPI, we here developed cells
carrying CsA-resistant HCV replicons, by culturing the HCV subgenomic
replicon cells for 4 weeks in the presence of CsA with G418.
Transfection of total RNA from the isolated CsA-resistant cells to
naive Huh7 cells conferred CsA resistance, suggesting that the
replicon RNA itself was responsible for the resistant phenotype.
Of the identified amino acid mutations, D320E in NS5A conferred
the CsA resistance. The replicon carrying the D320E mutation was
sensitive to interferon-a, but was resistant to CsA and other CPIs
including NIM811 and sanglifehrin A. Knockdown of individual CyP
subtypes revealed CyP40, in addition to CyPA and CyPB, contributed
to viral replication, and CsA-resistant replicons acquired independence
from CyPA for efficient replication. These data provide important
evidence on the mechanisms underlying the regulation of HCV
replication by CyP and for designing novel and specific anti-HCV
strategies with CPls. (Cancer Sci 2009; 100: 1943-1950)

H epatitis C virus (HCV) is a leading cause of chronic
hepatitis, liver cirrhosis, and hepatocellular carcinoma
(HCC), and affects an estimated 170 million people worldwide. "
The current standard therapy for patients infected with HCV
is the combination treatment with pegylated interferon and
ribavirin.** However, approximately half of individuals infected
with HCV are unable to reach sustained virological response
following such treatment. In addition, several side effects have
been reported, which hinder continued treatment and impair the
regimen efficacy. Thus, the development of novel anti-HCV
strategies is essential for the treatment of infected individuals.
We have previously reported that a well-known immuno-
suppressant cyclosporin A (CsA) strongly suppressed the replication
of HCV in vitro, in a manner independent of the interferon
(IFN) signal transduction pathway.® Cyclophilin B (CyPB),
a cellular target of CsA, was subsequently revealed to facilitate
viral replication via the regulation of the RNA binding ability
of NS5B.® Thus CyP, in addition to viral proteins including
NS3 protease and NS5B polymerase, can also prove useful
as a molecular target for antiviral strategies. Indeed, the non-
immunosuppressive CsA analogs NIM811, DEBIO-025, and
SCY635 have been observed to exert stron g inhibitory effects on
HCV replication, and these compounds are now in clinical
trial.©® Thus, it is crucial to deepen understanding of the
anti-HCV actions of cyclophilin inhibitor (CPI) in order to
maximize the efficacy of the agent. CPIs also need to face
challenges such as side effects and drug resistance, which
was observed as barrier to successful treatment in cases of
human immunodeficiency virus (HIV),*'> and further clarification
of the mechanism of CPI's anti-HCV activities is vital for the

doi: 10.1111/.1349-7006.2009.01263.x
© 2009 Japanese Cancer Association

development of stronger and more specific therapeutic drug
types. For this purpose, we here established and characterized
the resistant replicon to CPIs using the subgenomic replicon
system. We found that D320E, a mutation in NS5A, conferred
resistance to CsA on the replicon, while additional mutations in
NS3, Q86R and 1252T seen in our CsA-resistant clone affected
the replication fitness positively and negatively, respectively.
The CsA-resistant replicons with the D320E mutation showed
cross-resistance (0 other CPIs, NIM811 and sanglifehrin A (SFA),
which were thus verified to suppress HCV replication through
targeting CyP, and those resistant replicons were inhibited by
treatment with IFNa as effectively as the wild type. Knockdown
of individual CyP subtypes in the wild-type and CsA-resistant
replicon cells revealed that CyP40, besides CyPA and CyPB,
played important roles in HCV replication, and CyPA was
related to the CsA-resistance. These results are important for
elucidating additional mechanisms of the regulation of HCV
replication by CyP and also for designing novel and specific
anti-HCV strategies with CPIL

Materials and Methods

Compounds. CsA and 1FNo were purchased from Merck
Biosciences (San Diego, CA, USA) and Otsuka Pharmaceutical
(Tokyo, Japan), respectively. NIM811 and SFA were generously
provided by Novartis (Basel, Switzerland).

Cell culture. MH14 cells were cultured in Dulbecco’s modified
Eagle’s medium (Invitrogen, Carlsbad, CA, USA) with 10%
fetal bovine serum, nonessential amino acids (Invitrogen), and
L-glutamine (Invitrogen) in the presence of 700 pg/mL G418
(Invitrogen).

Establishment of cell clones. We established each cell clone
along with the outline shown in Figure 1. CsR#4, CsR#10, and
CsR#11 cells were established through the selection of MH14#12
cell colonies in the presence of 1000 pg/mL G418 and 2 pug/mL
CsA. CsR#11-2 and CsR#11-3 cells were established from
Huh7 cells transfected with total RNAs extracted from CsR#11
cells in the presence of 700 pug/mL G418. Q86R, D320E, Q86R/
D320E, and Q86R/1252T/D320E cells were produced by 700
Hg/mL G418 selection of Huh7 cells transfected with 5 g RNA
transcribed from pMHI14 carrying the individual mutations
Q86R in NS3 and D320E in NS5A, double mutations Q86R in
NS3 and D320E in NS5A, and triple mutations Q86R in NS3,
I1252T in NS3, and D320E in NSSA, respectively.

Colony formation assay. MH14 cells were treated with either
CsA or NIMB8I11 in the presence of 700 pg/mL G418 for 4
weeks, followed by fixation and staining with crystal violet.
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Real-time RT-PCR analysis. The 5'-non-translated region of HCV-
RNA was quantified using an ABI Prism 7500 sequence detector
(Applied Biosystems, Foster City, CA, USA), as previously
described.”

Replicon sequencing. Total RNA from replicon cells was
extracted with sepasol-RNA I Super (Nacalai Tesque, Kyoto,
Japan) and subjected to RT-PCR reaction using super script 111
(Invitrogen). The products were then amplified by dividing the
whole HCV region into approximately 300 bp using appropriate
primer sets, and the sequence of the entire region encoding
non-structural proteins was determined.

Plasmid construction. The Q86R and 1252T mutations in NS3
and the D320E mutation in NSSA were generated via site-
directed mutagenesis using the following primer sets: Q86R (S)
5-AGGACCTCGTCGGCTGGCGGGCGCC-3 plus Q86R (AS)
5-GGCGCCCGCCAGCCGACGAGGTCCT-3", 1252T (S) 5"-
AACACCAGAACTGGGGTAAGGACCA-3’ plus 1252T (AS)
5-TGGTCCTTACCCCAGTTCTGGTGTT-3", and D320E (S)
5-GAGTATAATCCTCCACTGCTAGAGC-3 plus D320E (AS)
5’-GCTCTAGCAGTGGAGGATTATACTC-3, respectively. The
PCR products carrying either Q86R in NS3, 1252T in NS3, or
D320E in NS5A were inserted into the NotI-Mlul and Mlul-
Xbal sites of pMH14, respectively. The resultant plasmids were
termed pMH14 (Q86R), pMH14 (1252T), and pMH14 (D320E)

1944

‘ Extraction of RNA

Fig. 1. Schematic diagram outlining the produc-
tion of individual cell clones carrying hepatitis C
virus (HCV) subgenomic replicons. MH14#12 cells,
carrying wild-type HCV subgenomic repicon,
were treated with 2 pg/mL cyclosporin A (CsA)
in the presence of 1000 pg/mL G418 and CsR#11
cells were selected. Total RNA was extracted from
CsR#11 cells and transduced into naive Huh7 cells
to select CsR#11-3 cells, and sequencing of the
replicon RNA in CsR#11 cells identified mutations,
Q86R in NS3, 1252T in NS3, and D320E in NS5A.
Site-directed mutagenesis followed by in vitro RNA
synthesis generated HCV replicon RNA carrying
Q86R, D320E, Q86R/D320E, and Q86R/252T/D320E
mutations. Transduction of the RNA into naive
Huh7 cells resulted in the production of Q86R,
D320E, Q86R/D320E, and Q86R/252T/D320E cells.
The sensitivity of each replicon clone to CsA is
presented as ‘CsA-resistant’ or ‘CsA-sensitive’.

respectively. The double mutant carrying both Q86R and D320E
mutations was produced by exchanging the Mlul-Xbal region of
pMH14 (Q86R) with that of pMH14 (D320E), and termed pMH14
(Q86R/D320E). The triple mutant carrying Q86R, 1252T, and
D320E was produced by exchanging the Not-Mlul region of
pMH14 (D320E) with the fragments amplified by the primer set,
1252T (S) plus 1252T (AS), using pMH14 (Q86R) as templates
for the PCR reaction. Sequence analysis of the resultant
plasmids was also undertaken for confirmation of the mutations.

In vitro RNA synthesis. Wild-type and mutant RNA of pMH14
was prepared by in vitro transcription using the MEGAscri?t T7
kit (Ambion, Austin, TX, USA), as described previously."?

Electroporation and colony formation. 8 x 10° cells suspended
in 400 puL. of cytomix buffer (120 mM KCI, 0.15mM CaCl,,
10 mM K,HPO,, 25 mM HEPES, 2 mM EGTA, and 5 mM
MgCl,, together with 2 mM ATP, 5 mM reduced form of
glutathione, and 1.25 % DMSO) were electroporated at 250 V,
950 uF with either 100 pg total RNA extracted from replicon
cells or 5 ug RNA transcribed in vitro from the HCV replicon
construct cDNA. Cells were then treated with 1000 pg/mL
G418 for 4 weeks following electroporation.

RNAI. Validated siRNAs against CyPB were purchased from
Invitrogen. SiRNA duplexes against CyPA (siCyPA161, 5'-
UCUGUGAAAGCAGGAACCCUU-3"; siCyPA285, 5-GAUG
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Fig. 2. Cyclophilin (CyP) inhibitor (CPI)-resistant colony emergence.
MH14#12 cells were treated either without (left panel) or with 2 pg/mL
CPIs, cyclosporin A (CsA) (middle panel), and NIM811 (right panel), in the
presence of 700 pug/mL G418. Following 4 weeks in culture, cells were
fixed and stained with crystal violet.

CCAGGACCCGUAUGCUU-3'; siCyPA459, 5-CUUCUUG
CUGGUCUUGCCAUU-3") were synthesized (Yahima Pure
Chemicals, Osaka, Japan). SiRNAs against CyP40 were purchased
from Invitrogen (siCyP40-3) and from Ambion (siCyP40-4).
Pre-designed siRNAs, siCyPC, siCyPE, siCyPF, and siCyPG
were obtained from Ambion. Transfection was performed using
Lipofectamine RNAIMAX Transfection Reagent (Invitrogen)
with 20 nM siRNAs in the absence of CsA according to the
manufacturer’s protocol.

Reverse transcription-polymerase chain reaction (RT-PCR) analysis.
RT-PCR was performed as described previously® using the
following primer sets: S-TGTTCTTCGACATTGCCGTC-3’
and 5-CAGTCTTGGCAGTGCAGATG-3' to detect mRNA for
CyPA, 5-TCTCCGAACGCAACATGAAG-3" and 5'-CTGCGA
TGATCACATCCTTC-3"to detect mRNA for CyPB, 5-GGCGCA
CTTGTGTTTTCTTC-3" and 5-TGCCATAGTGCTTCAGCTTG-3’
to detect mRNA for CyPC, 5-TTTCGTGCACTGTGTACAGG-3’
and 5-TTGGCTCTATCTGCTGTCTC-3’ to detect mRNA
for CyP40, 5-AGAGGAAGTGGACGACAAAG-3’ and 5'-
GATGTCCATGTACACCTGAG-3’ to detect mRNA for CyPE,
5-TGGAGCTGAAGGCAGATGTC-3" and 5-ACGTGACCG
AACACAACATG-3' to detect mRNA for CyPF, 5-GAGTTGT
CTCTTTCACAGAG-3" and 5"-AACTGAGTATCCGTACCTCC-3’
to detect mRNA for CyPG, and 5-ATGGGGAAGGTGAA
GGTCGG-3" and 5-TGGAGGGATCTCGCTCCTGG-3’ to
detect glyceraldehydes-3-phosphate dehydrogenase (GAPDH).

Results

Resistance emergence against individual CPls. We have previ-
ously demonstrated the robust anti-HCV activities of CPIs, and
it was reported that CPI significantly decreased HCV viral load
in HCV-infected patients.**'> The problem of the drug-resistant
HCV variants, hence, should be assessed in vitro, considering
that practical efficacies of these inhibitors with long-term
effectiveness are required in patients. In the first step of this
study, we investigated the emergence of drug resistant replicon
against CPIs. We treated MH14#12 cells, Huh7 cells carrying
wild-type MH14 replicon with 2 pg/mL CsA, or the non-
immunosuppressive analog NIM811 in the presence of 700 Hg/mL
G418 for 4 weeks. To visualize the appearance of drug-resistant
clones, we stained cells after the selection. We observed colonies
resistant to CsA, while we obtained few colonies under the
treatment with the same concentration of NIM811 (Fig. 2).

Isolation and characterization of replicon cells resistant to CsA.
To characterize the CsA-resistant HCV, we isolated the resistant
clones following selection with 2 pg/mL CsA and 1000 pg/mL
G418 for 4 weeks. We obtained several clones (named CsR cells),
and examined their CsA responses. In contrast to the wild-type
MH14#12 replicon cell, which showed an approximately 2-log
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Fig.3. Cyclosporin A (CsA) responses of the hepatitis C virus (HCV)
replicon clones surviving the selection with CsA and G418. MH14#12
cells and three MH14#12-derived cell clones that survived double
selection with G418 and CsA, CsR#4, CsR#10, and CsR#11, were treated
with 1 and 3 pg/mL CsA for 7 days, and the HCV-RNA titers were measured
by real-time RT-PCR. The data represent the percentage of HCV-RNA
level in cells either untreated or treated with CsA, and the dots represent
the means of three independent experiments.

reduction of HCV-RNA level by treatment with 1 pg/mL CsA
for 7 days, all the clones isolated (the results of three representative
clones, CsR#4, CsR#10, and CsR#11 cells are shown here)
demonstrated resistant phenotypes against CsA with no
significant reduction of HCV-RNA by CsA treatment at 1 prg/mL
(Fig. 3). The resistance of these clones was thought to arise as a
result of (1) mutations on the HCV-RNA genome or (2)
alterations in cellular factors. To test the first possibility, we
investigated whether HCV-RNA itself in CsR#11 could induce
the CsA resistance to naive cells. Fresh Huh7 cells were
transfected with total RNA, including HCV replicon RNA,
extracted from CsR#11 cells or MH14#12 cells as controls and
culured for 3 weeks in the presence of G418 (Fig.1). The
resulting colonies were isolated and propagated individually
(named cell clones from total RNA of wild-type MH14#12,
MHI14#12-1, MH14#12-4, and MHI14#12-5 cells, and those
from CsR#11, CsR#11-2, CsR#11-3, and CsR#11-5 cells). The
HCV-RNA titer in MH14#12-derived cells was reduced
approximately to 100th by treatment with 1 pg/mL CsA for 7
days (Fig. 4). In contrast, cell clones generated from CsR#11
cells retained a normal HCV titer level after treatment with CsA,
indicating that they had lost their sensitivity to CsA. Thus, it
was suggested that the CsA-resistant profile in CsR#11 cells
was attributed to its HCV-RNA.

D320E mutation in NS5A confers HCV replicon resistance to CsA.
In order to identify the mutation in the HCV genome that
resulted in the resistance to CsA, HCV subgenomic RNA
isolated from CsR#11 cells was sequenced across the subgenomic
region encoding non-structural proteins. We found three specific
base changes that resulted in amino acid alteration including
changes from glutamine to arginine, and isoleucine to threonine
at positions 86 (Q86R) and 252 (1252T) in NS3, respectively,
and a change from aspartic acid to glutamic acid at position
320 (D320E) in NS5A. Given that all these three mutations,
Q86R, 1252T, and D320E, were retained in every replicon in
CsR#11-2, CsR#11-3, and CsR#11-5 cells, it is likely that they
are inherited from CsR#11 cells and are associated with the
acquired CsA-resistant phenotype. To examine this possibility,
we synthesized replicon RNA carrying all these three mutations
and established cells carrying these replicons. The resultant cell
clones were named Q86R/1252T/D320E-1 and -3 cells. Treatment
of these cells with 1 pg/ml CsA decreased the HCV titer only
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Fig. 4. Hepatitis C virus (HCV) RNA alteration contributed to cyclosporin
A (CsA)-resistance. Total RNA extracted from CsA-resistant CsR#11 cells
or that from wild-type MH14#12 cells as a control was transfected into
Huh7 cells. Colonies established after 4-week selection with G418 were
isolated, propagated individually, and tested for CsA response. Three
cell clones derived from MH14#12 cells, MH14#12-1, MH14#12-4, and
MH14#12-5 cells, and three cell clones from CsR#11 cells, CsR#11-2,
CsR#11-3, and CsR#11-5 cells, were treated with 1 and 3 pg/mL CsA for
7 days. HCV-RNA titers were quantified by real-time RT-PCR analysis.
The dots represent the means of three independent experiments.
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by 1 log, in contrast to the wild-type MH14 clone, in which CsA
decreased HCV-RNA by more than 2 logs under the same
experimental condition (Fig. 5b). Thus, these mutations were
demonstrated to confer CsA resistance; in addition to this, some
cellular factors in Huh7 cells may also play minor roles in
modulating the CsA sensitivities, given the result that Q86R/
1252T/D320E cell clones were relatively sensitive to CsA
compared with CsR#11-derived cell clones as shown in Figure 4.
We next aimed to determine which of the three mutations,
Q86R/1252T/D320E, was responsible for the CsA resistant
phenotype, and individual mutations were engineered back into
the wild-type MH14 replicon and stable replicon cells were
produced as described above. Among three single amino acid
mutations, the 1252T mutation in NS3 resulted in a significant
reduction in replication fitness (Fig. 5a), and almost failed to
produce cell colonies. Cell clones harboring MH14 with both
Q86R and D320F mutations, Q86R/D320E-2 and Q86R/D320E-3
cells, showed reduced sensitivity to CsA that was comparable
to the levels in Q86R/1252T/D320E cells, suggesting Q86R and/
or D320E mutation(s) was enough to confer the resistance.
Subsequently, we treated the replicon cell clones carrying MH14
with either Q8GR or D320E mutation alone, Q86R (Q86R-1
and -4 cells) and D320E (D320E-1 and -2 cells) cells, with CsA
for 1 week. The titer of Q86R replicons was reduced to less than
100th by CsA treatment at a concentration of 1 pg/mL, similar
to the wild type. In contrast, HCV replicon with D320E mutation
in NS5A exhibited reduced sensitivity to CsA, resulting in little
reduction of HCV-RNA by the treatment with 1 pg/mL CsA
(Fig. 5b). Q86R mutation considerably enhanced colony

D320E

Fig.5. The amino acid mutation D320E in
NS5A conferred the cyclosporin A (CsA)-resistance
to hepatitis C virus (HCV) replicons. (a) Colony
formation assay for replicons carrying mutations.
Five-microgram replicon RNA carrying the
mutation(s), Q86R in NS3, 1252T in NS3, D320E
in NS5A, Q86R and D320E, or Q86R, 1252T and

100 D320E, or wild-type RNA transcribed in vitro were
T —O— MH14#12-4 transduced into Huh7 cells. After culture with
T —{1}— Q86R-1 G418 for 4 weeks, colonies were stained with
2 10 —A—— QB6R-4 crystal violet. (b) Cell clones with replicon;

- Py i carrying indicated mutations were treated wit
> ST 1 arrz,d 3 ug/mL CsA for 7 days. HCV-RNA titers were
g —— QSSRMY20E-3 quantified by real-time RT-PCR analysis. The
) —#— QB6RA252T/D320E-1 dots represent the means of three independent
2 0.1 —&—— QB6RA252T/D320E-3 experiments. MH14#12-4, wild-type replicon;
5 —e— D320E-1 Q86R-1 and Q86R-4, replicon with Q86R mutation:
4 —@— D320E-2 D320E-1 and D320E-2, replicon with D320E muta-
0.01 . tion; Q86R/D320E-2 and Q86R/D320E-3, replicon
0 1 3 with both Q86R and D320E mutations; Q86R/
1252T/D320E-1 and Q86R/1252T/D320E-3, replicon
CsA (ng/ml) with all three mutations, Q86R, 1252T, and D320E.
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formation efficiency and the D320E mutation showed little
significant effect on the efficiency (Fig. 5a). Thus, the D320E
mutation in NS5A was suggested as a sufficient factor to induce
HCV replicon resistance to CsA, while the Q86R mutation was
likely not to contribute to the resistance but to augment the
efficiency of HCV replication itself,

The point mutation in NS5A conferred resistance to CPls. Next, we
examined cross-resistance between CsA and other CPIs or IFNo:
using the CsA-resistant replicon we produced above. Treatment
with 0.1-1 pg/mL NIM811 for 7 days showed that the response
to NIM811 of D320E-1 and -2 cells was less compared with that
of MHI14#12-1 and -4 cells, indicating that a CsA-resistant
clone also acquired NIM811 resistance (Fig. 6a). A similar
resull was seen using Q86R/I252T/D320E cells (Fig. 6b). We
then tested the anti-HCV activity of SFA, an additional CPI
possessing  distinct chemical backbone from those of
cyclosporins.”®'” Treatment with 1 pg/mL SFA reduced HCV
replication in the wild-type cells, MH14#12-1, and -4 cells;
however, it did not significantly reduce replication in Q86R/
1252T/D320E cells (Fig. 6¢). These results demonstrate that
the CsA-resistant cells described in this study were also resistant
to additional CPIs, confirming that these two compounds
exerted anti-HCV effects via targeting CyP. Finally, we treated
Q86R/1252T/D320E cell clones with 100 and 300 IU/mL IFNo
for 7 days, and HCV-RNA titers were reduced by 2 logs in both
clonal cell lines examined, Q86R/1252T/D320E-1 and Q86R/
1252T/D320E-3 cells, as well as in wild-type MH14#12-derived
cells, MH14#12-1, and MH14#12-4 cells (Fig. 6d). These results
suggested no cross-resistance between CsA and IFNa, consistent
with the previous report that the anti-HCV activity of CsA
was independent of the IFNa signaling pathway."®

The role of CyP subtypes in HCV replication. We have previously
reported that CyPB played a significant role in the efficient
replication of HCV and CsA inhibited CyPB-mediated regulation
of HCV replication. We have also suggested the involvement of
other CyP subtypes in HCV replication."® To gain further
ingight into mechanisms underlying the anti-HCV properties of
CPIs, we examined the roles of individual CyP subtypes in HCV
replication in the wild-type MH14#12-1 and -4 replicon cells. In
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order to achieve this we knocked down CyPB with siRNAs
(Fig. 7d), siCyPB-1 and -2, and found that this procedure
reduced the amount of replicons to approximately half the initial
level (Fig. 7c). a result consistent with the previous reports.
Knockdown of CyPC, CyPE, CyPF, and CyPG (Fig. 7b) did not
significantly affect the viral replication under these experimental
conditions (Fig. 7a). Some groups have also suggested a role of
CyPA in HCV replication.®**» Then, we synthesized individual
siRNAs reported so far to be effective against CyPA, siCyPA-161,
siCyPA-285, and siCyPA-459, and transfected them using a
reagent with low cytotoxic activity to knock down endogenous
CyPA (Fig. 7d). As shown in Figure 7¢, the siRNAs directed
against CyPA reduced HCV titers in MH14#12-1, and -4 cells.
We previously observed that knockdown of CyPA little affected
HCV replication in MH14 cells.® Here, by using a new transfection
reagent with less cytotoxicity and higher knockdown efficiency,
we observed the effect of CyPA knockdown on HCV replication,
which suggests that CyPA-mediated regulation of HCV replication
is strictly influenced by CyPA’s expression level and cellular
condition. Under this experimental condition, our RNAi experiments
also displayed that knockdown of CyP40 (Fig. 7g), alternatively
known as peptidylprolyl isomerase D (NM_005038), decreased
the HCV titer (Fig. 7f) without significant cytotoxic effects,
presenting CyP40 as additional cellular factor required for
HCV replication.

CyPA was related to the CsA-resistant phenotype. We next asked
which CyP subtype among CyPA, B, and 40 was related to the
CsA resistance observed in our clones. To answer this question,
we performed RNAI experiments in the CsA-resistant cell lines,
CsR#11-2 and CsR#11-3 cells. Transfection of these cells with
specific CyPB or CyP40 siRNAs resulted in the reduction of
each subtype (Fig. 7d,g) and decreased the amount of HCV-
RNA in CsR#11-derived cells and wild-type MH14#12-derived
cells by approximately 50% (Fig. 7c¢,f). Thus, CyPB and CyP40
were likely to play roles in viral replication, even in the CsA-
resistant cells. However, relative HCV titers were not reduced
by CyPA knockdown in these CsA-resistant cells in contrast to
the case with the wild-type replicon cells (Fig. 7¢). A similar
resistant phenotype to CyPA knockdown was observed in D320E
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Fig. 7. Cyclophilin (CyP) subtypes related to anti-hepatitis C virus (HCV) effect of CyP inhibitor. MH14#12-derived cells, MH14#12-1 and MH14#12-
4 cells, and CsR#11-2 and CsR#11-3 cells, were transfected with siRNAs specific for CyPC (siCyPC), CyPE (siCyPE), CyPF (siCyPF), and CyPG (siCyPG)
(a); or those specific for CyPA (siCyPA-161, siCyPA-285, and siCyPA-459) and CyPB (siCyPB-1 and siCyPB-2) (c); or those specific for CyP40 (siCyP40-3
and siCyP40-4) (f); or randomized siRNA controls (siControl#1 and siControl#3). D320E cells were also transfected with the above siRNAs specific
for either CyPA or CyPB (e). At 5 days post-transfection, the levels of HCV-RNA were quantified by real-time RT-PCR analysis. The mRNA levels of
individual CyP subtypes, CyPC, CyPE, CyPF, and CyPG (CyPX corresponds to each CyP subtype indicated on the left side of the panels) (b), or CyPA
and CyPB (d), or CyP40 (g) were measured using glyceraldehydes-3-phosphate dehydrogenase (GAPDH) as internal controls by RT-PCR analysis at
5 days post-transfection. The data represent the means of three independent experiments.
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cell clones (Fig. 7e), showing that CyPA was related to the CsA-
resistance conferred by D320E mutation. The CsA-resistant
clones obtained in this study were likely to have acquired CyPA
independence for efficient HCV replication.

Discussion

Given that CPIs suppressed HCV viral load in cell culture and
in patients with chronic hepatitis C,"*!>) CPIs are expected to be
new anti-HCV agents. It is important to further reveal the factors
related to CPI's anti-HCV activities, thinking over the practical
use of CPIs with maximized efficacy and high specificity facing
challenges such as side effects and the emergence of resistance
to them in clinical settings. Here, we isolated and characterized
a variant resistant to CPIs using a HCV subgenomic replicon
system. A mutation in NS5A, D320E, was shown to confer the
CPI-resistance to HCV replicon, resulting in CyPA independence
for efficient viral replication. In addition, assessment of a wide
range of CyP subtype knockdown experiments found CyP40 to
be a new contributor to HCV replication.

Of the mutations identified, Q86R substitution in NS3 dra-
matically enhanced the capacity of replication. This mutation
was observed as compensatory mutation® following the selection
of replicons resistant to protease inhibitors SCH503034%* and
SCH6.?¥ In addition, this mutation also appeared following the
passaging of replicon cells in the absence of drug pressure, 2
In actuality, this mutation did not contribute to CsA resistance
in the replicon cells (Fig. 5b), and thus was thought to be an
adaptive mutation similar to that suggested in previous reports.
[1252T mutation in NS3, on the other hand, severely reduced the
replicative fitness of HCV. The significance of 1252T mutation
under CsA treatment remains to be studied. The alteration of
amino acid residue in NS5A, D320E, resulted in the conversion
of HCV replicon to that of the CsA-resistant phenotype. There
have been no reports of a link between NS5A and individual
CyP subtype in the context of HCV replication, though mutations
in NS5A were found to be keys for the acquisition of CsA
resistance.?” We have previously reported that CyPB was
important for viral replication, but NS5A did not interact with
CyPB in MH14 cells.”’ Indeed, in cells harboring replicons with
D320E mutation, CyPB was found to contribute to viral replication
but was not related to CsA resistance, as knockdown of CyPB
diminished the viral titer to approximately half, similar to the
case of the wild type. Therefore, other CyP molecules crucial
for viral replication were suggested to be involved in the
phenomenon of the CsA resistance. CyPA is another CyP sub-
type recently published to be critical for HCV replication in
connection with viral polymerase.®*2" Qur CsA-resistant replicon
cells displayed resistance to CyPA knockdown when compared
to wild-type replicon, suggesting that CyPA participated in the
replication process and the CsA resistance was due in part to
resistance to CyPA inhibition. Therefore, it might be possible
that NS5A functions coordinated with CyPA for viral replication
and D320E mutation could contribute to enhancement of the
relation. But NSSA was unable to bind CyPA in vitro.® NS5A
might be regulated by CyPA associated with other cellular or
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viral factors during HCV replication. The fact that the D320
falls upon one of the two discontinuous domains needed for
the interaction with NS5B to functionally modulate it lead
us to presume influence of NS5A on the reported NS5B-CyPA
interaction.®" In addition to CyPA and CyPB, which have been
published to be cellular factors required for HCV replication,
the results suggested that another CyP subtype, CyP40, contri-
buted to viral replication. Acting as a molecular chaperone, it
is conceivable that CyP40 directly interacts with viral proteins Lo
boost their functions, similar to CyPA and CyPB. Heat shock
protein (Hsp) 90 is a well-known chaperone forming complex
with CyP40. Recently, Hsp90 was shown to be harnessed by
HCV NS5A via the FK-506 binding protein 8 (FKBPS) bridge.
FKBP8 is a homologous immunophilin of CyP40 that is
required for viral replication.®” This result led to the hypothesis
that CyP40 serves as a linker between viral proteins and Hsp90.
CyP40 is also known to associate with estrogen receptor (ESR)
and we have published that ESRo: escorted NS5B to replication
complex (RC).“V We also speculate CyP40 connected to ESRo,
may be important for the recruitment or functional reinforce-
ment of viral and cellular factors for HCV replication in RC.
Among these CyP subtypes, CyPA dependency was suggested
1o be one of the determinants of CsA sensitivity. Interestingly,
CyPB and CyP40 play significant role in HCV replication even
in CsA-resistant replicon cells. Another CPI, NIM811, is also
likely to target CyPA, at least in part, to suppress HCV replication,
given the cross-resistance of CsA-resistant replicon to MIN811.
However, there is still also the possibility that other CyPs
mediate anti-HCV effect of NIM811, which needs to be elucidated
in future study.

Understanding the profile of CPI-resistance mutations in the
HCV genome and the viral and cellular factors involved will aid
in the progression of CPI-centered strategies preparing for the
problem of drug resistance. In addition, the cells harboring
CPl-resistant replicons established here may prove beneficial for
further characterization of resistance mechanisms and for the
screening of novel compounds with the potential of clinical
application to defeat CPI-resistant variants. Also, CyP40 as a
contributor to HCV replication could become another specific
antiviral target. The information arising from this study is
expected to contribute to the successful use of CPIs against a
liver carcinogen, HCV.
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A & FEUPDATE

HCV &Rt

—HCVORERMD 1 L AR FEE S HRIRERE

Hepatocellular carcinogenesis caused by HCV infection

T75

Makoto Huikata

HHEERFE D A W AWIRBDA T A L AL & b AA T A L ATFRH

OHCV B & 2 AHERAEICIE, RENCH £ 28T A IC L 2 A 4 MIREIED ZOBEANV EDELT
HIF5N 3. HOV BMIRDE(EICIE, HCVEAEN/ B L AMIICH L TR hOEEBE515E2 5
hd. HCVEREO LA TRIATY, BHATRb-> EbHRBELEELAEQBEEEISA TV S, B,
EEMAEE AV AR A S HCV BERBRATELE N, BESEZOERFZEHVTHCV O 1L IRF
EEIBICOVWTERITL 2. ZORR, BEM HCV HTFOEEICRMBADEREIrEE4 88 bO &
EBASAPICLA. COEHHETTERB LTV MR TIEMIBADIIFEOEN LA L, hEEHEF LH L
TWBZENERBE NI, DI EId C HFFRAFMEBPICH I 2 BIOBEBEY BIMY (W AR TFEEL LR
EICEIET 2RI 2R L TV 3. EE, IBIHEOSEEEENTREATWS 2%, a7 ORTELF IS EDH
REMERRZERE L, MBRDEEEE T{L S ¢ BRIAEMP E A D h 3,

Prer, | cmmmnm iz, mawsLnTES, BEE, DrESE

1989 fEICT AN ADRY F v —R¥ETH2H
farticko>T, 2N TIEAJEBEFLY A
WAL XIENTOEYA L ZADBETEILDHT
ra—=rr3h, CHIFZHY A LA (hepatitis C
virus : HCV) & S =Y, ZHE COEEM
Fol o BIE, MR RN (WHO) o & > THFEA
LD 3%LLEMNTTICZD T A N ARG L T
LEHREEINTVLS, ZOREEAODS XN
AT, TODIVANACEETEZ LICk>TIEE
Wich7: 2IBERF£H5 2 &h, 24t 20~
30 SERRICHFIEZ A & R~ LEIT ¥ 2 WHEME DS
BRI EDS, ZOYALNARAFICHT ZAE
BEBDOOEDTHS LFEHENT LS,

R nie HCV Y L 2 FESEED A A =
AL DFHMIC O VBTIZ B ELICHS DI > T W
SO TRV, HLDOMREDBHIZLH
NETKIFIFLEELHMRANEH SN TET
W5, RRTIET AL AER R Bitbd 6, HCV &
G X PRI HEEIC DLW TEE LV EES,

& HCVER & FF5

HCV DB R FEOMESHE N EAD, D
TANANT FEIAL NAFHC I N 2 —A&
BERNA A NATHE I Ebhot, 2074
N A DEARTRIC X H ARG 7 4 )V AP EEH 7 4
NWRIZEDBHD, INETICAHAI2DRoTVEEY
ANADED BEIFFS 7 A LA ED DNA 7 A
VAR, b b THIBBAIIEY? A VAD X %L b
B7ANALIZEFSEBLREZIANATH-
7=,
RIETANRELTHIONEINOGDT AL A

NHLGET AFMO O E DI, TheD A LA

EF2fd 50z o—iss, KL EEi
DREFICHHAIAEN S, H 5\ 1% Epstein-Barr
virus DX HICTEY — 4L LTHIBAICEET
2LEWVWHTETHD, LedosT, ZhenyAg
WA K> TEL L =Ml o4, Rk bicy
ANABREDFILE LTY 4 NV ABIET2MEDH 3
wiz—EBHEL s, HlRAICTY A VAT

EZ0DHFH  Vol. 224 No. 9 2008.3. 1 | 693

- 690 -



C E1 E2 D NS2

= 0

NS5A NS5B

p7

NS4A NS4B

c(a7&EH): 71 NAKTFORDEHEK
A OHEHE £ 1206 ¢ 2 E M (BT 7)

E(I>An—-7EHHE)1&2:
YA ARFORAICEE
B~ DR (CHEE

p7: A FF v 2 INERKR
(77 4 I ZRFRIRE R MBI A DRk
HERET B LETES N B)

NS2 : FEH#&E (non-structural) ERE2 -
SBKEETOTF T -t

NS3: ! >7OF77—t/RNANY Hh—+t
(124—7 O FHEEIBEORE)

NS4A: NS3t > 7OF7—tNaT 7748 —

NS4B : #R3AEHEE DS

NS5A : RNAKES, ) VEEERE
(Fra2—7rO BMMEREE?)

NS5B : RNAKTFIERNAR Y A 5=+

B 1 HCVERH & ZDHEE

AWEET S, LrL, HCVZEL 7 7E7 AL
ZADEIERICITZ OMETFH DNA LB ATy
TIEHEEET, FEREIC HCV B & & B+
% ARk D 72 21 HCV iR DNA I3 2 ¥ T
DL ZARBEINTHEYL, 2 L THEHRRD S
HCV o 387t % #E R L < 2 filavk 2§ 3
ZZHICHRIIL TRy, i, BHEHBO &
7@ HCV @ RNA E{EFETT & IEREE o i
Ihb&rl A4%0,

DI EFT R ED, HCV 8RB G L - [F D
BhT, LT AMIEAE D X il Bk T
ZODIEMEICIED D> TRV E W) T 2 E
LTw3, 2Fh HCV i L HEFAE 12 EHE
EET 2 LIEZHOLTHIIC L6,
LU 7= fAE ARSI HCV DIEY % 321 72 2 & A8
HBEDMEIPIOWTEZ, A G
Zkichks, 22T, HCV BHIC & 2 FEFIEIC
1$, OHCV (& L - IFfila it &, @FFy
Mo, v 2 >DORHEE® £ 2 208
HrEHCEbNS,

& HCVEREIC & 3D EIL

HCV &3 X B iFFE0%&, B L7 & i
7 A v ARIETW R ARG D Rt (RIHRA S
N5 LIk D illoBETFRIREIG &K
ENTWAHAREEIZ E LD TEY, LAdio T,
HCV il s 3 L A 54, Z0ME
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FEWOE D HCV EAE DG L 7 flflaicx L
T ohrDHERE5ZDARENEZ NS, C
DI e, ZOMBEICHT s HERZRET 57
HIZ, KEMEP Y A0 X ) LEREY ICEKHE
HCV EHE# HBEIE T, ZOMRRED K ) LE
LN 2 D ZENTT 5 &) A ESRH
SNTW3, ¥/, & HCV EHH L HAERT
AT DT FEREL, AFLAVhs
o8y 7u—F T3 HEbHOL SN TW
5.

® 1 12 HCV BT & 2 DY DE % R L
7o, HCVIZ3—ASI RNA VA VA THD, 2Dk
EIrdEEchHbhTwaEEIGNS §
9,500 X 7 LA F FE®D RNA 7/ LDOKE 3,
1 2 DEHHEHi & (open reading frame : ORF) T
HHonTwg, A VABAERTRTIZIC
a—FEnTEH, FELIVANAEREIEZZO
ORF 25 FIRR S N A HiBk(AER Y HEAED S, HE
il 250izzoR)EARICHFEES 27077 —
PiEtEIc k> T 7Ry >y 7 INTEEINT
{ 3?2, Z® ORF @ 5FK¥ifllh & 7 4 VAR FD
L ZERT 2 a7 (C), 74 VARFEEICHE
#HTsrxry_u—71%LT2(EL E2)Ewvoi
AN ARFERER T 2 EEEAER, 20 CK
BRElD S 1, p7 E XIENBA A ¥ F ¥ RV EIUE
T2497, ooy hEMnlIclETsLEE
Z 6N 23 6 D JEHEE (nonstructural © NS) EH'E
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(NS2~NS5B) MPELE EN B Z EMbhroT» 5
(1),

ZDWL DL DEHEICD W THEEMRZ
-2 DGR 7 A b — 2 AICH T 2 HEDR
I, ZLCZz0%RE2ETL T aMllaN> 70
DI 2MERTHONTETL Y, L
L, HCV EHEICE T2 2 ) L -EDERICIE
WET 23 EIEhWMENLREIN, —EDRE
BoNTOARWEAMH D, HCV &EH'H O Y
falcxf 3 2 HREZ H S 22T 5 9 A TR E Z2RE
EioTw3s, 9 LRI, HCV D%,
2% ) w7 HCV EHE DO —XIEE LD %Rk
PENFROEGECHEML -MIEED 2 v ik
HCV EAHDO AR EPHEE, HiEEoWRH
FE Vo EBREFOHEBEICERT 2000 L
o, Sk, HCV ORGUETHBRD £ D X 9 2l
HTInETIcBoNERIFREINS DD,
1E4 2 FFAIIE 2 Al T HOV o4& B 2 HIR§ 3
TR EMHEL, MREZED T LEIH S L
Bbis,

W HOVO 7 BEEIC & B TEHR

HCV EHHD e Ta7hBRE T2 b
g e B L EAE L ZEA o T3, §7
A7 IR FOO LD TH AiEHD Ras & [IF
IKCHBRENEZEICE>T, T v FIRFEHESM
Mz HERT 2 L) 2 EBRAICHRE S
7V Il L3 EERERTICHV LN 2
7 A BALB/c 3T3 A31-1-1 iz AV T#E#H S
DMEZSTHLERINAY, X512, a72HKBRT
LF7 VAT 2=y 72 A(aT Tg w7 A)IC
BEMEOFEEORICHEET 2L 00T 3
ZEHREENKY, Zoa 7 Tg w7 ADEML
fiEtr iz AFEMR IC TSN T i TEREN:
W,
INGDERIZTART, a7tk silllaoiE
TR DS I WL D TH B Z L #TRBL Tw
%, 2% ha7imciildol iz FEc
BT, 27 Tg vV ATHLTRTORMICEIT 2
BMoORESBESI N L L 6 THS, 2T
a7zl Cwadh, Z0ary TgeTA
TFffkIciE, avbao—Ley 2lIckliiL < 1.8

: aa RERE

EOMRLIEESHET 5 2 £ & h3?,
EEMRICBLTa 7 2HE I RGATHEE
ERELAREEE O ERCHBLRICRT 08z
TREFENBEINTHLEI LS, a70%
Blc & OBETEHEE b OEHEREOEE) L
B2 WHENTBRINTLEY, Zors 50l
ATLI bav P 70EESREDONTHS
EWS, aTRBUCK 2IEEBEOEAICIZI b
Ay FYT7OEERRBINTHSE, Z2Ta7
DOMMENREIZFE E L TUMEFEPIERTH D,
SravFPFYTRBET 2aT7IERINICRONS
ZEDL, EDXIBAHNZALTITHI
YRV PICEEZGERILTVWEO1E SICH
WIS ZED 208038 5 L Bbi s,

& HCVI 7 EEE & I

O, ReEdia % v i 2 (k HCV 0%
FEERBRHDWEL TN F?, ZAUIBIERT 2 8%tk
@ HCV E{EF JFH-10GE{E T 22) # FHEBE AT
AL, iz @k HuH-7 S8 A
T2 &, ZOEELEPICHIRZ Y A4 N 2058
EENBHLDTHS, ZOMPAZETI AN RIZD
@ HuH-7 #2672 v —{h & 7= HuH-75
fllE HuH-7.5.1 fEIC & < BEREUEE L, 5727
02D EHICERY: HCV 2L T 5 2 EMNTE
5DTH5,
EHOIXZDEEZREH\WTHCV D74 VA
B EE RS IC > W TRRIT L, &4t HCV R
DEEI N ORI (T4 F X € 15 2])
DEERHEEZ LSO ERZHES I L (E2)W,
Z OREGE HCV RiF 2 E4E L T 2 fllaTixig

NARRICER T 2 IEE B BRE CaEN/tiEEz b
D, {BERNEEDUEDTHD. MUTPVIILTUE
O—/)LYOVRATFO-ILI AT IVIEE DR ES
LT EHHBNTVD. TNETTNSEBOBE®
HEGICHDDD T EHHENTWV D, AE, 84D
HREAN\GEENDIEEHEX PERBEDRE L IHDIES
EUTRBET 2 CEDRSNTETWLS.
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HCV core — @
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HCV-RNA  Protein ®)
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BAAEHCVRLT 1@' ‘?@3
T

)

B 2 REMESBEES T 5 BEMHCVLI FEERIBOME

HCVF / LIRBUE S 1K

IS Ce"

ER : endoplasmic reticulum (/M@ f4), LD : lipid droplet (15 /i) .

Wi iz 2 7 RELTE D, ZOREDMR
Mgz ryRe—-7HAEPHEHEEEDOH 3
HCV B THNEAKEZAED NS EAENLT
EL TV, BFHMBTBET L7 NVAN
T2 DI O RFEIC H 2 BEEED 22012380
5%, L& T s HCV I i imilEm
112 2E—7 L ¥ 3R FL 115 28— 7
LT BIEREPERI T ENEEL, ZOWHICa T
LHEEBETFRNA BEENTVARZ EDShd ol L
b a7 PHEETF RNA B THSE D IR
R IR TR T ORI EDDTHARLI L
Mhhrot, sz & HCV #E T8\ THEN
FICREML 2 OEAEREREZ I TICEAT S
&, HCV BEFOEBIZIER TH 558, filbod HCV
EAE NN FRR I 2 FEE S, B4
ADEEIZED S\, £72, [FAfFIC NS5A (2
a7 CAHEERALARCT S ) MERZEAL
Aicid, a 7IEMR EICEE L HCV #iz T8
HIZEHONZ I L rb6T, o HCV A
HIZREMEAECIFES S, BT A VAD
FEEBIZEAEZDSNAR, 2L, 20 NS5A
ZEA JFH-1 OHATHEREFHICIGHCY a7
& HCV RNA %z &L IR R T L X7 O 5

696 | EZD&HKFH  Vol. 224 No. 9 2008. 3. 1

N570, ZORIGIENNEIZEELBEREZEL
LD THEEEZONS, 0 X)) Yk
DA NAELEZRICBLWTaTZREERL T
THEILTE ZIRM#EOEES ER L Twz (X
3).

Z U CRSER e R ME T I, AR E A
ERLTw3 LR N(E4), Tk
12, EdRL7Za7 Tg =9 AIZEWTLBIEIF
RO 6N, 27 ORBIC LD FICE»ERET
52 L8 C MFRBEDHICIENFA & <
BOGNEZEE—HTrLBbNa, 2%,
HCV B YeHFHilaqic 81 2 BN 0 S 13 & gk
AN AR FELED T DIZHIRNR L DD
Lt s,

AR, NENATE DO FEREDHIIEN (B 1T 2 ERER
DI TH 57217 TR <, MEARRPELY DA
WA 7 ~DIEE R ENHDOBEPTRDY
ELTHRET 2 2 LRI NTETL BRI o
FOIEMEIC 2 7HRELT I L9 LS
A ORSREEEL R EZTIZEI L, ZDf5HE,
HlaN D> 7+ ViR D EMie Lk L 7= b a v
FY7HEEICHEFRT 2R 200 Lk
[P
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merged
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1
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4 PR OER"
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TG:
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o IR EFTEE

HCV &SI X 2 HEDOFIEIL 20~30 4E L)
ROBEHAZEBL -BICEI 22 LMo N
TWa, 74NV ZHERFBIZ—RZATIC ™ A L 2 D3
LMl ZEEORBEZNLE L, -z s
THEVIIERRIETHL EEZoNT VS, I
T I ) L CHERR S 7 IFMIBRL A A 1 & - TRl
bitd, Lo T, 8% C HFLTEMIzH
7o o THEBLAY 22 B HIE O B i & AR A58 D 3K U 7
b d T L, HFlEogiRE L [ Sz
LDOZ IR ZDE LNk,

WS ZEHNE O T B it oo BB (2 M o AR5
LT A FxE 2 200) &9 kG 2 N
DEPEDBEFEET 2 X 91, HEGEN 22 ARG 5 30
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FOBE, FEENLETT 205, HRORED
wANAEFRIZE TRV ERTIGRTY:
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HBEVIANZALWEZLNT VS,
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FRIMHHETS oI DHRBES LR LT ED LS
HERBLTIEE, HE—EORFED DICBEET
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