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Oneyama. 293T-CLDN cells stably expressing CLDN1 were established by
the introduction of the expression plasmids encoding CLDN1 under the
control of the CAG promoter of pCAG-pm3. The Huh7-derived cell line
Huh?7.5.1 was kindly provided by F. Chisari. The Huh7OKI1 cell line effi-
ciently propagates HCVcc as previously described (45). Huh7, HeclB,
and HEK293 cells harboring Conl- or JFH1-based HCV SGR were pre-
pared according to the method described in a previous report (47) and
maintained in DMEM containing 10% FCS and 1 mg/ml G418 (Nakalai
Tesque, Kyoto, Japan).

Antibodies and drugs. Mouse monoclonal antibodies to HCV non-
structural protein 5A (NS5A) and B-actin were purchased from Austral
Biologicals (San Ramon, CA) and Sigma-Aldrich, respectively. Mouse an-
ti-ApoE antibody was purchased from Santa Cruz Biotechnology (Santa
Cruz, CA). Rabbit anti-HCV core protein and NS5A were prepared as
described previously (41). Rabbit anti-SR-BI antibody was purchased
from Novus Biologicals (Littleton, CO). Rabbit anti-CLDN1 and -OCLN
antibodies, Alexa Fluor 488 (AF488)-conjugated anti-rabbit or ~-mouse
IgG antibodies, and AF594-conjugated anti-mouse IgG2a antibodies were
purchased from Invitrogen (San Diego, CA). Mouse anti-FKBP8 antibody
was described previously (44). Mouse anti-double-stranded RNA (anti-
dsRNA) IgG2a (J1 and K2) antibodies were obtained from Biocenter Ltd.
(Szirak, Hungary). The HCV NS3/4A protease inhibitor was purchased
from Acme Bioscience (Salt Lake City, UT). Human recombinant alpha
IFN (IFN-a) and cyclosporine were purchased from PBL Biomedical Lab-
oratories (Piscataway, NJ) and Sigma-Aldrich, respectively. BODIPY 558/
568 lipid probe was purchased from Invitrogen. The locked nucleic acid
(LNA) targeted to miR-122, LNA-miR-122 (5’'-CcAttGTcaCaCtCC-3'),
and its negative control, LNA-control (5'-CcAttCTgaCcCtAC-3") (LNAs

are in capital letters, DNAs are in lowercase letters; sulfur atoms in oligo-

nucleotide phosphorothioates are substituted for nonbridging oxygen at-
oms; the capital C indicates LNA methylcytosine), were purchased from
Gene Design (Osaka, Japan) (15).

Preparation of viruses. pHH-JFH1-E2p7NS2mt was introduced into
Huh7.5.1 cells, HCVcc in the supernatant was collected after serial pas-
sages (39), and infectious titers were determined by a focus-forming assay
and expressed in focus-forming units (FFUs) (62). Mutant HCVcc was
produced from Huh7.5.1 cells expressing MT miR-122 according to the
method of a previous report with minor modifications (25). HCVpv, a
pseudotype vesicular stomatitis virus (VSV) bearing HCV El and E2 gly-
coproteins, was prepared as previously described (61), and infectivity was

assessed by luciferase expression on a Bright-Glo luciferase assay system -

(Promega), following a protocol provided by the manufacturer and ex-
pressed in relative light units (RLUs).

Lipofection and lentiviral gene transduction. Cells were transfected
with the plasmids by using Trans IT LT-1 transfection reagent (Mirus,
‘Madison, WI) according to the manufacturer’s protocol. LNAs were in-
troduced into cells by Lipofectamine RNAIMAX (Invitrogen). The lenti-
viral vectors and ViraPower lentiviral packaging mix (Invitrogen) were
cotransfected into 293T cells, and the supernatants were recovered at 48 h
posttransfection. The lentivirus titer was determined by a Lenti-XTM
quantitative reverse transcription-PCR (gRT-PCR) titration kit (Clon-
tech, Mountain View, CA), and the expression levels of miR-122 and
AcGFP were determined at 48 h postinoculation.

Quantitative RT-PCR. HCV RNA levels were determined by the .

method described previously (18). Total RNA was extracted from cells by
using an RNeasy minikit (Qiagen). The first-strand cDNA synthesis and
gRT-PCR were performed with TagMan EZ RT-PCR core reagents and an
ABI Prism 7000 system (Applied Biosystems), respectively, according to
the manufacturer’s protocols. The primers for TagMan PCR targeted to
the noncoding region of HCV RNA were synthesized as previously re-
ported (42). To determine the expression levels of miR-122, total miRNA
was prepared by using the miRNeasy minikit, and miR-122 expression
was determined by using fully processed miR-122-specific RT and PCR
primers provided in the TagMan microRNA assays according to the man-
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ufacturer’s protocol. U6 small nuclear RNA was used as an internal con-
trol. Fluorescent signals were analyzed with the ABI Prism 7000 system.

Immunoblotting. Cells were lysed on ice in lysis buffer (20 mM Tris-
HCl [pH 7.4], 135 mM NaCl, 1% Triton X-100, 10% glycerol) supple-
mented with a protease inhibitor mix (Nacalai Tesque). The samples were
boiled in loading buffer and subjected to 5 to 20% gradient SDS-PAGE.
The proteins were transferred to polyvinylidene difluoride membranes
(Millipore, Bedford, MA) and reacted with the appropriate antibodies.
The immune complexes were visualized with SuperSignal West Femto
substrate (Pierce, Rockford, IL) and detected with an LAS-3000 image
analyzer system (Pyjifilm, Tokyo, Japan).

Immunofluorescence assay. Cells cultured on glass slides were fixed
with 4% paraformaldehyde (PFA) in phosphate-buffered saline (PBS) at
room temperature for 30 min, permeabilized for 20 min at room temper-
ature with PBS containing 0.2% Triton, after being washed three times
with PBS, and blocked with PBS containing 2% FCS for 1 h at room
temperature. The cells were incubated with PBS containing appropriate
primary antibodies at room temperature for 1 h, washed three times with
PBS, and incubated with PBS containing AF488- or AF594-conjugated
secondary antibodies at room temperature for 1 h. For lipid droplet stain-
ing, cells incubated in medium containing 20 wg/ml BODIPY for 20 min
at 37°C were washed with prewarmed fresh medium and incubated for 20
min at 37°C. Cell nuclei were stained with DAPI (4',6-diamidino-2-phe-
nylindole). Cells were observed with a FluoView FV1000 laser scanning
confocal microscope (Olympus, Tokyo, Japan).

Invitro transcription, RNA transfection, and colony formation. The
plasmids pSGR-Conl and pSGR-JFH1 were linearized with Scal and
Xbal, respectively, and treated with mung bean exonuclease. The linear-
ized DNA was transcribed in vitro by using a MEGAscript T7 kit (Applied
Biosystems) according to the manufacturer’s protocol. The in vitro-tran-
scribed RNA (10 wg) was electroporated into HeclB and HEK293 cells at
107 cells/0.4 ml under conditions of 190 V and 975 F using a Gene Pulser
apparatus (Bio-Rad, Hercules, CA) and plated on DMEM containing 10%
FCS. The medium was replaced with fresh DMEM containing 10% FCS
and 1 mg/ml G418 at 24 h posttransfection. The remaining colonies were
cloned by using a cloning ring (Asahi Glass, Tokyo, Japan) or fixed with
4% PFA and stained with crystal violet at 4 weeks postelectroporation.

Electron microscopy and correlative FM-EM analysis. Cells were
cultured on a Cell Desk polystyrene coverslip (Sumitomo Bakelite) and
were fixed with 2% formaldehyde and 2.5% glutaraldehyde in 0.1 M ca-
codylate buffer (pH 7.4) containing 7% sucrose. Cells were postfixed for
1 hwith 1% osmium tetroxide and 0.5% potassium ferrocyanide in 0.1 M
cacodylate buffer (pH 7.4), dehydrated in graded series of ethanol, and
embedded in Epon812 (TAAB). Ultrathin (80-nm) sections were stained
with saturated uranyl acetate and lead citrate solution. Electron micro-
graphs were obtained with a JEM-1011 transmission electron microscope
(JEOL). Correlative fluorescence microscopy (FM)-electron microscopy
(EM) allows individual cells to be examined both in an overview with FM
and in a detailed subcellular-structure view with EM (51). The NS5A was
stained and observed in the Hec1B-derived Conl SGR cells by the correl-
ative EM-EM method as described previously (44).

Intracellular infectivity. Intracellular viral titers were determined ac-
cording to a method previously reported (20). Briefly, cells were exten-
sively washed with PBS, scraped, and centrifuged for 5 min at 1,000 X g.
Cell pellets were resuspended in 500 pl of DMEM containing 10% FCS
and subjected to three cycles of freezing and thawing using liquid nitrogen
and a thermo block set to 37°C. Cell lysates were centrifuged at 10,000 X
g for 10 min at 4°C to remove cell debris. Cell-associated infectivity was
determined by a focus-forming assay.

Statistical analysis. The data for statistical analyses are averages of
three independent experiments. Results were expressed as means = stan-
dard deviations. The significance of differences in the means was deter-
mined by Student’s ¢ test. '

Microarray data accession number. Access to data concerning this

study may be found under GEO experiment accession number GSE32886.
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RESULTS

Nonhepatic cell lines susceptible to HCVcc by expression of
miR-122, Human CD81 (hCD81), SR-B1, CLDN1, and OCLN
are crucial for HCV entry (16, 48, 49, 56). First, we examined the
expression of these receptor candidates in nonhepatic cell lines by
using the web-based NextBio search engine (Cupertino, CA).
Multidimensional scaling was used to visualize the differences in
expression patterns of molecules of various tissues, cells, and cell
lines from those of hepatic cell lines and primary hepatocytes. We
selected nine nonhepatic cell lines as possibly being susceptible to
HCVcc infection: NCI-H-2030 (lung), Caki-2 (kidney), 769-P
(bladder), A-427 (lung), SK-OV3 (ovary), SW780 (bladder),
SW620 (colon), RERF-LC-AI (lung), and HeclB (uterus) (Fig, 2).
In addition, three nonhepatic cell lines previously reported to be
susceptible to replication of HCV RNA—that is, SK-PN-DW
(neuron), MC-IXC (neuron), and 293T-CLDN (kidney)—were
included in this study (8, 17). The expression of each receptor
molecule in these 12 nonhepatic cell lines was confirmed by fluo-
rescence-activated cell sorter (FACS) analysis and immunoblot-
ting (Fig. 3A and B). To examine the expression of the functional
receptors for HCV entry in these cell lines, we inoculated HCVpv
into the cells. Ten of the cell lines (A-427 and SW780 being the
exceptions) exhibited various degrees of susceptibility to HCVpv
infection (Fig. 3C). Therefore, we examined the possibility of
propagation of HCVcc by the expression of miR-122 in these 10
cell lines.

Tointroduce miR-122 in the cell lines, we employed a lentiviral
vector encoding pri-miR-122, an unprocessed miR-122. To con-
firm the maturation of pri-miR-122 to form functional RNA-in-
duced silencing complexes (RISCs), suppression of the translation
of the target mRNA was determined by a dual reporter assay.
Translation of a firefly luciferase mRNA containing the sequences
complementary to miR-122 in the 3’ UTR was suppressed by in-
fection with the lentivirus encoding pri-miR-122 but not by infec-
tion with a control virus (data not shown), suggesting that the
pri-miR-122 is processed into a functionally mature miR-122. By
using this lentiviral vector, high levels of miR-122 expression were
achieved in the 10 cell lines, comparable to the endogenous ex-
pression level of miR-122 in Huh7 cells (Fig. 4A).

To examine the effect of the exogenous expression of miR-122
on HCV replication, the nonhepatic cell lines expressing miR-122
were infected with HCVcc at a multiplicity of infection (MOI) of
1, and intracellular viral RNA was determined (Fig. 4B). The ex-
pression of miR-122 significantly increased the amount of the
HCV genomein Hec1B, 293T-CLDN, MC-IXC, and RERF-LC-AIL
cells as well as Huh7 cells and slightly increased it in SK-OV3 and
NCI-H-2030 cells. Although the levels of viral RNA in SW620,
Caki-2, and SK-PN-DW cells upon expression of miR-122 were
higher than those in control cells, no increase of viral RNA was
observed. No effect of the expression of miR-122 was observed in
769-P cells. Interestingly, naive HeclB cells exhibited a delayed
increase in viral RNA from 24 to 48 h postinfection, in contrast to
the gradual decrease of viral RNA in other cell lines. Replication of
HCV RNA in both naive and miR-122-expressing HeclB cells was
inhibited by treatment with an inhibitor for HCV protease but not
by treatment with IFN-o, due to the lack of an IFN receptor (11),
whereas treatments with either IFN-a or the protease inhibitor
suppressed the replication of HCV in the other cell lines express-
ingmiR-122 (Fig. 4C). These results indicate that exogenous miR-
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FIG 2 Receptor expression profiling in nonhepatic cells. Relative expression
levels of CD81, SR-BI, CLDN1, and OCLN in primary hepatocytes, hepatic cell
lines HepG2 and Hep3B, and nonhepatic cells were determined by using the
NextBio Body Atlas. Expression levels were standardized by the median ex-
pression across all cell lines.

122 expression enhances the replication of HCV even in nonhe-
patic cells. HeclB cells exhibit a delayed replication of HCV, and
HCYV replication was enhanced by the exogenous expression of
miR-122. Therefore, in this study we used HeclB cells to investi-
gate the biological significance of miR-122 on the replication of
HCVcc in nonhepatic cells.

Expression of miR-122 is essential for enhancing HCV repli-
cation in HeclB cells. To confirm the specificity of HCV replica-
tion in HeclB cells, HCVcc was preincubated with an anti-HCV
E2 monoclonal antibody, AP-33, or Hec1B/miR-122 and HeclB/
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FIG 3 Expression of functional HCV receptor candidates in nonhepatic cells. (A) Expression of hCD81 in nonhepatic cells was determined by flow cytometry.

PE, phycoerythrin. (B) Expression levels of SR-B1, CLDN, and OCLN in the nonhepatic cells were determined by immunoblotting. (C) The nonhepatic cell lines

were inoculated with pseudotype VSVs bearing no envelope protein (deltaG), HCV envelope proteins of genotype 1b Conl strain (HCVpv), or VSV G protein

(VSVpv), and luciferase expression was determined at 24 h postinfection.

Cont cells were pretreated with anti-hCD81 monoclonal anti-
body. Replication of HCV RNA was determined upon infection
with HCVcc. The antibody treatment significantly inhibited HCV
replication in the Hec1B cell line, indicating that HCVcc internal-
izes into HeclB cells through a specific interaction between
hCD81 and E2 (Fig. 5). Next, we determined the dose dependence
of miR-122 expression on the enhancement of HCV replication in
Hec1B cells. Huh7.5.1 and Hec1B cells transduced with the lenti-
viral vector encoding pri-miR-122 were infected with HCVccatan
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MOI of 1, and intracellular miR-122 and viral RNA were deter-
mined. Expression of miR-122 was increased in Hec1B cells in a
dose-dependent manner of the lentivirus, whereas no increase was
observed in Huh7.5.1 cells, probably due to the high level of en-
dogenous expression of miR-122 (Fig. 6A, left). HCV RNA repli-
cation in Huh7.5.1 and Hec1B cells was correlated with miR-122
expression (Fig. 6A, right), suggesting a close correlation between
miR-122 expression and HCV replication.

Next, we examined the expression of viral proteins in Hec1B/
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FIG 4 Nonhepatic cell lines susceptible to HCVcc by the expression of miR-122. (A) Exogenous miR-122 was expressed in Huh7, Hec1B, 293T-CLDN, MC-IXC,
RERF-LC-AI, SK-OV3, NCI-H-2030, SW620, Caki-2, SK-PN-DW, and 769-P cells by lentiviral vector. Total RNA was extracted from the cells and subjected to
gRT-PCR analysis. U6 was used as an internal control. Gray and white bars, endogenous and exogenous levels of miR-~122, respectively. (B) HCVcc was
inoculated into Huh7 and nonhepatic cell lines expressing (solid lines) or not expressing (dashed lines) exogenous miR-122 at an MOI of 1. Intracellular HCV
RNA levels were determined by qRT-PCR at 2, 18, 24, and 48 h postinfection (hpi). (C) Cells were inoculated with HCVcc and simultaneously treated with either
100 U IFN-« or 100 nM HCV protease inhibitor or not treated (control), and intracellular HCV RNA levels were determined by gRT-PCR at 36 h postinfection.
Asterisks indicate significant differences (*, P < 0.05; **, P < 0.01) versus the results for control cells.

miR-122 cells upon infection with HCVcc by immunoblotting
and fluorescence microscopic analyses (Fig. 6B). Expression of
NS5A protein was increased in Hec1B/miR-122 cells in an MOI-
dependent manner. Expression of NS5A in Hec1B/Cont cells in-
fected with HCVcc at an MOI of 3 was significantly lower than that
in HeclB/miR-122 cells infected with HCVcc at an MOI of 0.5.
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HCYV core and NS proteins were shown to localize mainly on the
lipid droplets and cytoplasmic face of the endoplasmic reticulum
(ER) in Huh7 and Hep3B/miR-122 cells infected with HCVec (29,
40). Immunofluorescence analyses revealed that HCV core and
NS5A proteins were colocalized with lipid droplets and calnexin,
an ER marker, in Hec1B cells infected with HCVcc (Fig. 7).
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FIG 5 Neutralization of HCVcc infection in HeclB cells by specific antibod-
ies. HCVcc was preincubated with anti-E2 antibody (AP-33) and inoculated
into HeclB/Cont and HeclB-miR-122 cells. Cells were preincubated with an-
ti-human CD81 antibody and inoculated with HCVcc. Intracellular HCV
RNA levels at 2, 18, 24, and 48 h postinfection were determined by qRT-PCR.

To further confirm the specificity of the enhancement of HCV
replication by the expression of miR-122, Huh7, Hec1B/miR-122,
and HeclB/Cont cells were treated with LNAs that were either
specific to miR-122 (LNA-miR-122) or nonspecific (LNA-con-
trol) at 6 h before infection with HCVcc. Although the treatment
with LNA-miR-122 inhibited the enhancement of viral RNA rep-
lication in Huh7 and Hec1B/miR-122 cells in a dose-dependent
manner, no inhibition of viral replication was observed in HeclB/
Cont cells (Fig. 6C). These results suggest that Hec1B cells permit
HCV replication in a miR-122-independent manner and exoge-
nous expression of miR-122 enhances viral replication.

Specificinteraction between miR-122 and the 5' UTR of HCV
is required for HCV replication. To determine the effect of the
specific interaction between miR-122 and the 5’ UTR of the HCV
genome on the enhancement of RNA replication, we generated
MT pri-miR-122 carrying a substitution of uridine to adenosine in
the seed domain and an additional complementary substitution of
adenosine to uridine to stabilize the loop structure of pri-miR-122
(Fig. 8A). A high expression level of MT miR-122, comparable to
that of WT miR-122, was introduced into Hec1B cells by infection
with lentiviral vectors (Fig. 8B). To determine the specificity of
miR-122 on the replication of HCV, Hec1B cells expressing either
WT or MT miR-122 were inoculated with HCVcc at an MOI of 1.
Enhancement of HCV replication was observed in Hec1B cells by
the expression of WT but not that of MT miR-122, suggesting that
the sequence specificity of miR-122 with the 5" UTR of HCV is
crucial for the efficient replication of HCV (Fig. 8C). To further
confirm the effect of the specificity of interaction between miR-
122 and the binding sites in the 5" UTR of HCV on the enhance-
ment of HCV replication, we generated two mutant viruses,

HCVcc-M1 and HCVee-M2, carrying complementary substitu-
tions in the miR-122-binding site 1 alone and in both sites 1 and 2
in the 5" UTR of HCV, respectively (Fig. 8D). Recently, Jangra et
al. demonstrated that the propagation of a mutant HCVcc bearing
mutations in sites 1 and 2 in the 5" UTR was rescued by the ex-
pression of MT miR-122 in Huh7.5 cells (25). We confirmed that
the propagation of HCVcc-M1 and HCVee-M2 in Huh7.5.1 cells
was rescued by the expression of MT miR-122 but not of WT
miR-122, although the recovery of infectious titers of HCVcc-M2
was significantly lower than the recovery of infectious titers of
HCVcc-M1 (Fig. 8E). Next, to examine the interaction between
miR-122 and the HCV genome in HeclB cells, we inoculated
HCVcc or mutant viruses into HeclB cells expressing either or
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both WT and MT miR-122 and determined the replication of
HCV RNA by qRT-PCR (Fig. 8F). Expression of WT and MT
miR-122 in HeclB cells permits replication of HCVcc and
HCVcc-M2, respectively, although the enhancing effects differed.
On the other hand, the expression of both WT and MT miR-122 is
required for the replication of HCVce-M1, because MT and WT
miR-122 bind to sites 1 and 2 in the 5 UTR of this virus, respec-
tively. Interestingly, a low level of HCVec-M1 replication was also
observed in Hec1B cells expressing either WT or MT miR-122, in
contrast to the requirement of the corresponding miR-122 for the
replication of HCVec and HCVee-M2. These results suggest that
the specific interaction between miR-122 and the 5' UTR of HCV
is crucial for the replication of HCV.

Viral particle formation in hepatic and nonhepatic cells.
These data suggest that miR-122 expression facilitates replication
of HCV RNA in nonhepatic cells. Recently, we have shown that
expression of miR-122 facilitates infectious particle formation of
HCVccin ahepatoma cell line, Hep3B (29). To examine the effect
of miR-122 expression on particle formation in nonhepatic cells,
intracellular and extracellular viral RNA levels in cells infected
with HCVcc were determined. Intracellular RNA replication in
the hepatic cell lines, including Huh7.5.1 and Hep3B/miR-122,
was increased up to 72 h postinfection with HCVcc, whereas in
nonhepatic cell lines, including 293T-CLDN/miR-122 and
HeclB/miR-122, such replication was comparable to that in the
hepatic cell lines until 24 h postinfection but reached a limit at this
point (Fig. 9A). In spite of no clear increase of intracellular HCV
RNA in Hep3B/Cont cells upon infection with HCVcc (Fig. 9A),
subtle but substantial production of infectious particles was de-
tected in the culture supernatants at 72 h postinfection, in contrast
to no production of infectious particles in those of the nonhepatic
cell lines (Fig. 9B). Furthermore, no focus formation was observed
in Hec1B/miR-122 cells upon infection with HCVc, in contrast
to the many foci in Huh7.5.1 cells (Fig. 9C), and no infectivity was
detected even in the lysates of Hec1B/miR-122 cells infected with
HCVcc (Fig. 9D). These results suggest that not only the replica-
tion efficiency of viral RNA but also other factors are involved in
the assembly of HCV and that the viral assembly process is im-
paired in HeclB/miR-122 cells infected with HCVcc, in spite of
the efficient replication of HCV RNA.

It was previously shown that lipid droplets, diacylglycerol O-
acyltransferase 1 (DGAT1), and apolipoproteins B and E play an
important role in the assembly of HCV particles (10, 22, 40). To
understand the molecular mechanisms underlying the low effi-
ciency of infectious particle formation in nonhepatic cells, we first
examined the subcellular localization of lipid droplets and HCV
core protein in Hec1B/miR-122 cells infected with HCVcc. Al-
though the core protein was detected around the lipid droplets, as
seen in Huh7.5.1 cells, only a small amount of lipid droplets was
detected in Hec1B/miR-122 cells infected with HCVcc compared
with the amount detected in Huh7.5.1 cells (Fig. 9E), suggesting
that the low level of lipid droplet formation is involved in the
impairment of infectious particle formation in nonhepatic cells.

Next we examined the expression patterns of molecules in-
volved in lipid metabolism by using cDNA microarray and gPCR
analyses. Although expression levels of low-density lipoprotein
receptor (LDLR), sterol regulatory element-binding protein 1c
(SREBP1c), SREBP2, and DGAT1 in nonhepatic Hecl1B and 293T
cells were comparable to those in hepatic Huh7 and Hep3B cells,
those of VLDL-associated proteins, including ApoE, ApoB, and
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FIG 6 Expression of miR-122 is essential for the enhancement of HCV replication in the HeclB cells. (A) Huh7.5.1 and HeclB cells were transduced with
lentiviral vectors expressing miR-122 in a dose-dependent manner and infected with HCVcc at an MOI of 1. Intracellular miR-122"and HCV RNA were
determined at 24 h postinfection by gRT-PCR. (B) Huh7.5.1 and HeclB/miR-122 cells were infected with HCVcc at an MOI of 0.5 or 3 and subjected to
immunoblotting and immunofluorescence analyses using anti-NS5A antibodies at 48 h postinfection. The asterisk indicates nonspecific bands. (C) LNAs specific
to miR-122 at a final concentration of 5 nM, 20 nM, or 50 nM and control (LNA alone at 50 nM) were introduced into Huh7/Cont, Huh7/miR-122,
HeclB/miR-122, and HeclB/Cont cells by using Lipofectamine RNAIMAX transfection reagent and infected with HCVccat an MOI of 1 at 6 h posttransfection.
Intracellular HCV RNA levels were determined by qRT-PCR at 12, 24, and 36 h postinfection. Asterisks indicate significant differences (*, P < 0.05; **, P < 0.01)
versus the results for control cells.
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FIG 7 Subcellular localization of core and NS5A proteins in Hec1B/miR-122
cells infected with HCVce. HeclB/miR-122 cells infected with or without
HCVecc at an MOI of 1 were fixed with 4% PFA at 48 h postinfection and
stained with appropriate antibodies to core and NS5A proteins (A), core pro-
tein and lipid droplets (B), and NS5A and calnexin (C). The boxes in the
merged images were magnified, and the images are displayed on the right.

MTTP, in nonhepatic cells were significantly lower than those in
hepatic cells (Fig. 10). Collectively, these results suggest that intra-
cellular functional lipid metabolism, including the biosynthesis of
lipid droplets and the production of VLDL, participates in the
assembly of HCV.

Establishment of HCV replicon in Hec1B/miR-122 cells. It
was previously shown by using RNA replicon cells based on the
JFH1 strain that expression of miR-122 enhanced the translation
of HCV RNA in HEK293 cells and MEFs (8, 35). We tried to
establish HCV replicon cells based on genotype 1b Conl and ge-

-notype 2a JFH1 strains in Hec1B/miR-122 and HEK293 cells sta-
bly expressing miR-122 (HEK293/miR-122). To examine the col-
ony formation efficiency of the HCV RNAs of the Conl and JFH1
strains, SGR RNA was electroporated into the cell lines and se-
lected by G418 for 3 weeks. Expression of miR-122 in Hec1B cells
significantly enhanced the colony formation of SGR of the Conl
strain (Fig. 11A), suggesting that the expression of miR-122 in
Hec1B cells supports the efficient replication of SGR. HCV repli-
cation in 20 replicon clones established by the transfection with
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SGR RNA of the Conl strain in Hec1B/miR-122 cells was exam-
ined by qRT-PCR and immunoblotting. All clones contained high
levels of HCV RNA (3 X 10%to 5 X 107 copies per pug of total RNA)
(Fig. 11B), and expression of NS5A was well correlated with the
levels of HCV RNA in the clones (Fig. 11C). Two replicon clones
(clones 2 and 10) in Hec1B/miR-122 cells exhibiting high levels of
RNA replication and NS5A expression further confirmed the high
level of expression of NS5A by immunofluorescent microscopy
(Fig. 11D). These results suggest that expression of miR-122 facil-
itates the efficient replication of SGR of at least two HCV geno-
types in HeclB cells.

Our previous reports showed that HCV NS proteins were co-
localized with dsRNA and cochaperone molecules, FK506-bind-
ing protein 8 (FKBP8), in dot-like structures on the ER membrane
of Huh7 replicon cells (59). Colocalization of NS5A with dsRNA
or FKBP8 was observed in the dot-like structures in not only Huh7
SGR cells but also Hec1B/miR-122 SGR cells (Fig. 12A), suggest-
ing that the dot-like structure required for efficient viral replica-
tion is also generated in Hec1B/miR-122 replicon cells. It has been
shown that HCV replication induces the formation of convoluted
membranous structures, called membranous webs, in Huh7 cells
(13, 45). FM-EM techniques revealed the localization of NS5A on
the convoluted structures in Hec1B/miR-122 replicon cells (Fig.
12B). These results suggest that the replication complex required
for viral replication was also generated in the HeclB/miR-122
replicon cells, as was seen in the Huh?7 replicon cells.

miR-122 is a crucial determinant of HCVcc propagation. It
has been shown that the infectivity of HCVcc in cured cells, estab-
lished when IFN treatment induces the elimination of the viral
genome from the Huh7 replicon cells harboring an HCV RNA, is
significantly higher than that in parental Huh7 cells (2, 66). There-
fore, we tried to establish Hec1B-based cured cells from the Conl
SGR clones harboring a high copy number of HCV RNA. Treat-
ment with cyclosporine and the protease inhibitor of HCV sup-
pressed NS5A expression in HeclB/miR-122 SGR clone 2 in a
dose-dependent manner (Fig. 13A), whereas no reduction was
observed by the IFN treatment due to a lack of an IEN receptor, as
shown in Fig. 4C. It was reported that monotherapy by the HCV
protease inhibitor induces the emergence of resistant break-
through viruses (34, 55). Therefore, we treated five Hec1B/miR-
122 SGR clones (clones 2, 5, 10, 14, and 16) with 1 wg/ml cyclo-
sporine and 100 nM protease inhibitor for HCV. Viral RNA was
determined by qRT-PCR every 5 days posttreatment. Elimination
of viral RNA was achieved in four clones (clones 2, 5, 10, and 14)
within 20 days posttreatment (Fig. 13B). Replication of HCV RNA
in the cured cells infected with HCVcc at an MOI of 0.5 was 2- to
30-fold higher than that in parental cells at 24 h postinfection (Fig.
13C). In addition, replication of HCV RNA in cured clone 2 in-
fected with HCVcc at an MOI of 0.1 was comparable to that in
Huh7.5.1 cells until 24 h postinfection (Fig. 13D). Expression of
NSSA was significantly increased in cured clone 2 compared to
that in the parental Hec1B/miR-122 cells (Fig. 13E and F). It was
previously shown that the increased permissiveness of Huh7-de-
rived cured cells, Huh7.5 cells, is attributable to a mutation in the
RIG-Igene (58). To examine the innate immune response in the
parental and cured Hecl1B/miR-122 cells, induction of IFN-
stimulated gene 15 (ISG15) was determined upon stimulation
with IFN-a« or VSV. Although induction of ISG15 was not ob-
served in either parental or cured cells upon stimulation with
IFN-a due to a lack of an IFN receptor (11) (Fig. 14A), it was
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differences (*, P < 0.05; **, P < 0.01) versus the results for control cells.

detected in both cells infected with VSV (Fig. 14B). Therefore,
other mechanisms should be involved in the enhancement of
permissiveness of HeclB-derived cured cells. Ehrhardt et al.
showed that the expression levels of miR-122 in Huh7-derived
cured cells, including Huh7.5, Huh7.5.1, and Huh7-Lunet
cells, are significantly higher than those in parental Huh7 cells .
(14). In addition, our recent study indicated that levels of ex-
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pression of miR-122 in the cured Huh7 and Hep3B/miR-122
cells were higher than those in parental cells (29). Levels of
expression of miR-122 in the Hec1B-based cured cell clones are
also higher than those in parental Hec1B/miR-122 cells (Fig.
13G). These results suggest that a high level of miR-122 expres-
sion is a crucial determinant of high susceptibility to HCVcc
propagation in the cured cells.
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FIG 9 Viral particle formation in hepatic and nonhepatic cells. (A) HCVcc
was inoculated into 293T-CLDN/miR-122, HeclB/miR-122, Hep3B/Cont,
and Hep3B/miR-122 cells at an MOI of 1 and into Huh?7.5.1 cells at an MOI of
0.1. HCV RNA levels (copies/j.g) in cells at 2, 18,24, 48, and 72 h postinfection
were determined by qRT-PCR. (B) HCVcc was inoculated into 293T-CLDN/
miR-122, Hec1B/miR-122, Hep3B/Cont, and Hep3B/miR-122 cells at an MOI
of 1 or into Huh7.5.1 cells at an MOI of 0.1, and infectious titers in the culture
supernatants were determined at 72 h postinfection by a focus-forming assay
in Huh7.5.1 cells. ND, not determined. (C) Huh7.5.1 and HeclB/miR-122
cells were infected with HCVcc at MOIs of 0.1 and 1, respectively, incubated
with 1% methylcellulose in DMEM containing 10% FCS for 72 h, fixed with
4% PFA, and subjected to immunofluorescence analysis using anti-NS5A an-
tibody. (D) HeclB/miR-122 and Huh7.5.1 cells were infected with HCVcc at
MOIs of 1 and 0.1, respectively, and infectious titers in cells and supernatants
were determined by a focus-forming assay at 72 h postinfection. (E) Huh7.5.1
and Hecl1B/miR-122 cells were infected with HCVcc at MOIs of 0.1 and 1,
respectively, fixed with 4% PFA, and subjected to immunofluorescence assay
using anti-core protein antibody (green). Lipid droplets and, cell nuclei were
stained with BODIPY (red) and DAPI (blue), respectively. Asterisks indicate
significant differences (**, P < 0.01) versus the results for Huh7.5.1 cells.
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FIG 10 Expression of lipid metabolism-associated proteins in hepatic and
nonhepatic cells. (A) Expression levels of ApoE, ApoB, MTTP, LDLR,
SREBP1c, SREBP2, and DGAT1 were compared among hepatic (Huh7 and
Hep3B) and nonhepatic (Hec1B and 293T) cells using cDNA microarray anal-
yses. (B) Total RNA was extracted from the cells, and expression levels of
ApoE, ApoB, MTTP, LDLR, SREBP1c, SREBP2, and DGAT]1 gene were deter-
mined by gPCR. (C) Nonhepatic (HeclB, 293T, and MC-IXC) and hepatic
(Huh7, Hep3B, and HepG2) cells were subjected to immunoblotting using
anti-ApoE antibody.

DISCUSSION

Although multiple epidemiological studies have revealed that
HCYV infection induces several EHMs, they have not well eluci-
dated the molecular mechanisms of the EHMs induced by HCV
infection (19). Indeed, HCVcc does not infect PBMCs (38). It has
been shown that two neuroepithelioma cell lines permit HCVcc
infection at low levels (17) and lymphotropic strains or quasispe-
cies of HCV exist in infected individuals (12, 52). Furthermore,
many molecules involved in the entry, replication, and assembly
of HCVcc have been identified, although these molecules are not
sufficient to explain the liver tropism of HCV. Recently, a liver-
specific microRNA, miR-122, was shown to facilitate the efficient
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FIG 11 Establishment of Conl-based HCV replicon cells by using HeclB cells. (A) WT or replication-defective SGR RNA of the HCV Conl strain was
electroporated into HeclB/Cont, Hec1B/miR-122, and Huh?7 cells, and the medium was replaced with DMEM containing 10% FCS and 1 mg/ml G418 at 24 h
postelectroporation. Colonies were stained with crystal violet after 3 weeks of selection with G418. (B) Total RNAs of 20 selected clones were extracted and
subjected to qRT-PCR. (C) The 20 SGR clones were subjected to immunoblotting using anti-NS5A antibody. Huh7-derived Conl-based SGR cells were used as
a positive control. (D) NS5A proteins in SGR clones 2 and 10 were stained with appropriate antibodies and examined by fluorescence microscopy. Huh7-derived
Conl-based SGR and parental HeclB cells were used for positive and negative controls, respectively.

replication of HCV through a specific interaction with the com-
plementary sequences in the 5’ UTR of HCV RNA (21, 25,27, 36).
In addition, exogenous expression of miR-122 facilitates the rep-
lication of SGR of the JFH1 strain in HEK293 cells (8) and the
propagation of HCVcc in HepG2 and Hep3B nonpermissive hep-
atoma cells (29, 43), suggesting that the expression of miR-122 is
required for the efficient replication of HCV. However, HCV rep-
licon cells have also been established in HeLa and LI90 cells de-
rived from stellate cells in which no exogenous miR-122 is ex-
pressed (30, 63). In this study, naive HeclB cells also exhibited a
low level of replication upon infection with HCVcc (Fig. 4B), and
this replication was resistant to treatment with an inhibitor of
miR-122, LNA-miR-122 (Fig. 6C), suggesting that miR-122 ex-
pression is not a necessary condition but is required for the en-
hancement of HCV replication and that HCV is capable of repli-
cating in nonhepatic cells in an miR-122-independent manner.
Although the application of miR-122-specific LNAs to chronic
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hepatitis C patients is now in progress (32), further studies are
needed to clarify the mechanisms underlying the miR-122-inde-
pendent replication of HCV in more detail.

Although the importance of receptor-mediated entry in the
cell tropism of HCV has been evaluated (16, 65), cDNA microar-
ray databases, including the NextBio search engine, revealed that
HCV receptor candidates, including hCD81, SR-BI, CLDN1, and
OCLN, are highly expressed in many nonhepatic tissues. In addi-
tion, our current data and previous reports demonstrated that
many nonhepatic cells permitted the entry of the pseudotype vi-
ruses bearing HCV envelope proteins, suggesting that other host
factors must be involved in the cell tropism of HCV to human
hepatocytes (4, 17, 54, 61). The data in this study suggest that
miR-122 expression and functional lipid metabolism play crucial
roles in the determination of an efficient propagation of HCV in
vitro. On the other hand, previous studies showed the compart-
mentalization of genetic variation in HCV between hepatic and

jviasm.org 7929

AINN YYVSO Aq 2102 ‘11 AInp uo /610 wiserIAl/:dny woly papeojumoq



Fukuhara et al.

Huh?7
SGR

Hec1B/ ¢
miR-122 ¢
SGR

Huh?7
SGR

HeciB/
miR-122
SGR

FIG 12 Replication complex in Hec1B/miR-122 replicon cells. (A) Huh7 and Hec1B/miR-122 cells harboring the Conl SGR RNA were fixed, permeabilized, and
stained with antibodies to NS5A and dsRNA or FKBP8. The boxed areas in the merged images were magnified, and the images are displayed on the right. (B)
Hec1B-derived Conl SGR cells were stained with anti-NS5A antibody. Identical fields were observed under EM by using the correlative FM-EM technique. The

boxed areas are magnified, and the images displayed on the right.

nonhepatic tissues, suggesting that HCV is capable of replicating
in nonhepatic tissues expressing either miR-122, ApoE, ApoB, or
MTTP (52). Collectively, these results suggest that entry receptors,
miR-122, and functional lipid metabolism are mainly involved in
the regulation of internalization, RNA replication, and assembly
of HCV, respectively, and are important factors in determining
the cell tropism of HCV to hepatocytes. On the other hand, it
might be feasible to speculate that EHMs observed in chronic
hepatitis C patients are caused by an incomplete miR-122-inde-
pendent propagation of HCV in nonhepatic cells.

In spite of the efficient replication of HCV in Hec1B and 293T-
CLDN cells expressing miR-122, no infectious particle was de-
tected, in contrast to the case with hepatic cells (Fig. 9), suggesting
the involvement of liver-specific host factors and/or machineries
in the assembly of infectious particles. In general, the liver plays a
major role in lipid metabolism, such as in fatty acid and lipopro-
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tein syntheses (9), and many reports have indicated the involve-
ment of lipid metabolism, especially triglyceride metabolism, in
the assembly and budding of HCV particles. Lipid droplets,
MTTP, ApoB, and ApoE have been shown to participate in the
assembly and secretion of infectious particles of HCVcc in Huh7
cells (20, 23, 26, 40). In the current analyses, there were fewer lipid
droplets and the expression levels of ApoE, ApoB, and MTTP were
lower in nonhepatic cells than in hepatic cells. Although minus-
strand HCV RNA and viral proteins were detected in nonhepatic
cells (33, 60), it was shown that the recurrence of HCV after liver
transplantation for patients with HCV-induced liver diseases was
mainly caused by HCV variants generated in the liver but not in
nonhepatic tissues (50). These results support the notion that rep-
lication of HCV RNA in nonhepatic cells is unlikely to be a reser-
voir for persistent infection, due to the lack of infectious particle
formation.
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The endogenous expression of miR-122 is hardly detected in
Hec1B cells, in contrast to the abundant expression of miR-122 in
Huh7 cells. Therefore, more accurate analyses of the biological
significance of the interaction between miR-122 and the 5 UTR
on the replication of HCVcc in HeclB could be possible by intro-
ducing mutations not only into viruses but also into miR-122.
Replication of HCVcc and a mutant virus bearing two mutations
inthe 5" UTR (HCVce-M2) was observed in HeclB cells express-
ing WT and MT miR-122, respectively, although the level of rep-
lication was lower in cells infected with HCVcc-M2 than in those
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infected with HCVcc, probably due to the mutations in the 5’
UTR (Fig. 8F). In contrast, a mutant virus (HCVcc-M1) bearing a
mutation in site 1 alone exhibited efficient replication in HeclB
cells expressing both WT and MT miR-122 comparable to the
replication level of the wild-type virus in cells expressing WT miR~
122. Furthermore, the replication level of HCVcc-M1 was low in
HeclB cells expressing either WT or MT miR-122, suggesting that
interaction between miR-122 and either of the seed sequence-
binding sites in the 5 UTR has an equal ability to enhance the
replication of the HCV genome. However, it was shown that the
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ability of miR-122 to promote the growth of a laboratory strain of
HCV (HJ3-5) is dependent upon its direct interaction with both
seed sequence-binding sites in the 5’ UTR and that the binding to
site 1 is more important for efficient replication than the binding
to site 2 (25). Recently, it was shown that the binding of miR-122
to the 5 UTR of the HCV genome masks the 5'-terminal se-
quences of the viral genome through the 3’ overhanging nucleo-
tides of miR-122 (36). It is necessary to evaluate the importance of
this enhancement mechanism on mutant HCVcc infection in
HeclB cells.

In summary, we demonstrated that HCV is capable of replicat-
ing at a low level in nonhepatic cells and that exogenous expres-
sion of miR-122 facilitates efficient viral replication but not the
production of infectious particles, probably due to the lack of
hepatocytic lipid metabolism in nonhepatic cell lines. These re-
sults suggest that miR-122 plays a crucial role in determination of
the cell tropism of HCV and the possible involvement of incom-
plete propagation of HCV in the development of EHM in hepatitis
C patients.
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CD44 Participates in IP-10 Induction in Cells in Which Hepatitis C
Virus RNA Is Replicating, through an Interaction with Toll-Like

Receptor 2 and Hyaluronan
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The mechanisms of induction of liver injury during chronic infection with hepatitis C virus (HCV) are not well understood.
Gamma interferon (IFN-y)-inducible protein 10 (IP-10), a member of the CXC chemokine family, is expressed in the liver of
chronic hepatitis C (CHC] patients and selectively recruits activated T cells to the sites of inflammation. Recently, it was shown
that a low plasma concentration of IP-10 in CHC patients was closely associated with the outcome of antiviral therapy. In this
study, we examined the role of the Toll-like receptor (TLR) pathway on IP-10 production in cells replicating HCV. Among the
CXC chemokines, the expression of IP-10 was specifically increased in cells replicating HCV upon stimulation with conventional
TLR2 ligands. The enhancement of IP-10 production upon stimulation with TLR2 ligands in cells replicating HCV induced
CD44 expression. CD44 is a broadly distributed type I transmembrane glycoprotein and a receptor for the glycosaminoglycan
hyaluronan (HA). In CHC patients, the expression of HA in serum has been shown to increase in accord with the progression of
liver fibrosis, and HA also works as a ligand for TLR2. In the present study, IP-10 production upon HA stimulation was depen-
dent on the expression of TLR2 and CD44, and a direct association between TLR2 and CD44 was observed. These results suggest
that endogenous expression of HA in hepatocytes in CHC patients participates in IP-10 production through an engagement of

TLR2 and CD44.

patitis C virus (HCV) infects 170 million people worldwide
# Hand frequentlyleads to the development of cirrhosis and hep-
atocellular carcinoma (32). The current combination therapy of
pegylated interferon (IFN) and ribavirin is effective in fewer than
50% of patients infected with HCV of genotype 1. Histological
analyses of the liver biopsy specimens of chronic hepatitis C
(CHC) patients have revealed the infiltration of mononuclear
cells, including T and B lymphocytes, natural killer (NK) and NKT
cells, and virus-specific cytotoxic T lymphocytes (2, 26, 42, 47).
Long-term infection by HCV is associated with progressive infil-
tration of the liver parenchyma by the mononuclear cells, fibrosis,
cirrhosis, and, finally, the development of hepatocellular carci-
noma. Although the factors that regulate the recruitment of
mononuclear cells and the other components of the inflammatory
response to the HCV-infected liver cells are not well characterized,
it has been hypothesized that chemokines and other inflammatory
cytokines play fundamental roles in the immune cell recruitment.

Chemokines, small chemotactic cytokines (approximately 8 to
10 kDa) that act to guide leukocytes to sites of inflammation, are
important determinants of the development of intrahepatic in-
flammation in chronic HCV infection (16). Although chemokines
play crucial roles in viral elimination, persistent expression of
chemokines may induce tissue damage and inflammation in
chronic infection. CXCR3 is a receptor for the CXC chemokines,
including IP-10 (also known as CXCL10), MIG (also known as
CXCL9), and I-TAC (also known as CXCLI11). Recent studies
have shown that the CXCR3 ligands are elevated in the livers and
sera of CHC patients (12-14, 17, 33, 36, 40, 49), and IP-10 was
shown to correlate with treatment response. In addition, several
studies suggested a significant association between the expression
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of the CXC chemokines and the development of progressive liver
injury in CHC patients (23, 49). In CHC patients, these chemo-
kines are expressed in hepatocytes, hepatic stellate cells, and sinu-
soidal endothelial cells (12, 14, 33, 42, 49), and the majority of
intrahepatic mononuclear cells express CXCR3, suggesting that
the CXC chemokine network plays a pivotal role in the migration
of mononuclear cells to the liver and in the subsequent intrahe-
patic inflammation.

Among chemokines, IP-10 plays a central role in liver inflam-
mation, and it is expressed in the liver of hepatitis C patients (12,
33, 42). Several independent studies indicate that elevated plasma
levels of IP-10 predict the failure of combination therapy (3, 5,
40).In addition, a recent study suggests that IP-10 in the plasma of
many hepatitis C patients is cleaved by DPP4 (also known as
CD26) and that the truncated IP-10 works as an IP-10 receptor
antagonist (4). In contrast to these clinical observations, little is
known about the expression of the CXC chemokines in cells rep-
licating HCV.

Production of the inflammatory chemokines upon viral infec-
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tion is also crucial for the induction of innate immunity through
the activation of pattern recognition receptors (PRR), including
Toll-like receptors (TLR) and RIG-I-like receptors (RLR) (44).
TLR play an important role in the recognition of a wide variety of
pathogens and their components, while RLR, including RIG-Iand
MDAS, sensitize cells in response to double-stranded RNA
(dsRNA) generated by viral infection or to poly(I-C). Various pro-
inflammatory cytokines and chemokines are activated by the PRR
through the translocation of transcription factors, such as IFN
regulatory factor (IRF) and NF-«B, into the nucleus and binding
to their cognate promoter elements together with other transcrip-
tion factors.

In this study, we have examined the role of the TLR pathway on
the production of the CXC chemokines in human liver cell lines
replicating HCV RNA. Among the CXC chemokines, IP-10 pro-
duction was specifically enhanced in cells replicating HCV upon
stimulation with conventional TLR2 ligands. Moreover, we iden-
tified CD44, a receptor for the glycosaminoglycan hyaluronan
(HA) (38), as a molecule involved in IP-10 production in the
HCV-replicating cells. The cell surface expression of CD44 was
also upregulated in the cells harboring HCV replicons of geno-
types 1b and 2a, and IP-10 production was enhanced in cells rep-
licating HCV upon stimulation with HA. Importantly, HA also
works as a ligand for TLR2 (41), and HA expression in serum is
increased in CHC patients in accord with the progression of liver
fibrosis (9, 30, 35, 45, 48). These results suggest that the produc-
tion of IP-10 is enhanced by endogenous HA in hepatocytes in
CHC patients through an interaction with TLR2 and CD44.

MATERIALS AND METHODS

Cells and viruses. Huh7OK1 cells that exhibit high susceptibility to infec-
tious cell culture-adapted HCV clone (HCVcc) propagation (34), Huh7
cells, and 293T cells were maintained in Dulbecco’s modified Eagle’s me-
dium (DMEM) (Sigma, St. Louis, MO) supplemented with 10% fetal calf
serum (FCS). Huh7 cells harboring an HCV subgenomic RNA replicon of
genotype 1b (Conl strain) (28) or 2a (JFHI strain) were cultured in
DMEM supplemented with 10% FCS, 1 mg/ml G418 (Nacalai Tesque,
Kyoto, Japan), and nonessential amino acids. Human normal hepatocytes
and human liver sinusoidal endothelial cells were purchased from Ta-
KaRa Bio, Inc. (Shiga, Japan) and maintained in primary hepatocytes and
endothelial selective medium (TaKaRa Bio), respectively. Huh7 cells har-
boring a Japanese encephalitis virus (JEV) subgenomic RNA replicon
(Nakayama strain) were cultured in DMEM supplemented with 10% FCS
and 1 pg/ml puromycin (InvivoGen, San Diego, CA). The cells were cul-
tured at 37°C in a humidified atmosphere with 5% CO,. The infectious
RNA of the JFHI strain was introduced into Huh70K1 cells, and the
infectious titers were expressed as focus-forming units (FFU) (46).
Plasmids and reagents. The cDNA fragment encoding CD44 was
kindly provided by U. Gunthert (University of Basel, Switzerland) (31)
and subcloned into pcDNA3.1-C-myc-His (Invitrogen, Carlsbad, CA).
The N-terminal or C-terminal deletion mutant of CD44 was amplified by
PCR using Pfu Turbo DNA polymerase (Stratagene, La Jolla, CA) and
subcloned into pcDNA3.1-C-myc-His. The cDNA fragment encoding the
full-length human TLR2 was amplified by reverse transcription (RT)-
PCR from total RNA of THP-1 cells and subcloned into pFlagCMV-1
(Sigma). The C-terminal deletion mutant of TLR2 was amplified by PCR
using Pfu Turbo DNA polymerase (Stratagene) and subcloned into
pFlagCMV-1. All PCR products were confirmed by sequencing with an
ABI PRISM 3100 genetic analyzer (Applied Biosystems, Tokyo, Japan).
Lipopolysaccharide (LPS) derived from Salmonella enterica subsp. en-
terica serovar Minnesota (Re-595) and peptidoglycans (PGN) derived
from Staphylococcus aureus were purchased from Sigma. FSL-1 (a syn-
thetic lipopeptide derived from Mycoplasma salivarium), Pam2CSK (a
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synthetic diacylated lipopeptide), Pam3CSK (a tripalmitoylated lipopep-
tide), phosphorothioate-stabilized human CpG (hCpG) oligodeoxy-
nucleotides (ODN 2006) (TCG-TCG-TTT-TGT-CGT-TTT-GTC-GTT),
R-837, and poly(I-C) were purchased from InvivoGen. Purified hyaluro-
nan from human umbilical cords was purchased from Calbiochem
(Darmstadt, Germany). The recombinant human alpha interferon
(IFN-at) and IFN-y were purchased from PBL Biomedical Laboratories
(New Brunswick, NJ). The Quantikine ELISA (enzyme-linked immu-
nosorbent assay) human CXCL10/IP-10 immunoassay was purchased
from R&D Systems, Inc. (Minneapolis, MN). The HCV NS3/-4A protease
inhibitor BILN2061 was purchased from Acme Bioscience (Belmont,
CA). Lack of contamination of endotoxin (<0.01 endotoxin units/ml) in
the regents, including virus stocks, recombinant proteins, and all ligands,
was confirmed by using a Pyrodick endotoxin measure kit (Seikagaku Co.,
Tokyo, Japan).

Binding of recombinant CD44s to TLR2 or ligands. To generate a
C-terminal deletion mutant of TLR2 (comprised of amino acid residues
from 1 to 587) or CD44 (comprised of amino acid residues from 1 to
223), each of the ¢cDNAs encoding N-terminally FLAG-tagged TLR2
(TLRZATM) or C-terminally His-tagged CD44 (CD44ATM) were sub-
cloned into pFastBac (Invitrogen), and recombinant baculoviruses
possessing the cDNA were produced by using a Bac-to-Bac baculovirus
expression system according to the manufacturer’s instructions (Invitro-
gen). At 3 days after infection, TLR2ATM and CD44ATM proteins were
purified from the culture supernatants and cell lysates by using column
chromatography with nickel-nitrilotriacetic acid beads (Qiagen, Valencia,
CA) and anti-FLAG M2 affinity gel (Sigma) according to the respective
manufacturer’s instructions. The protein concentrations were deter-
mined by using a Micro BCA (bicinchoninic acid) protein assay kit
(Pierce, Rockford, IL). One hundred microliters of TLR2ATM (20 wg/
ml), HA (50 pg/ml), PGN (40 pg/ml), LPS (40 pg/ml), or bovine serum
albumin (BSA) (50 wg/ml) was added to a 96-well microtiter plate (Nunc
Maxisorp P/N; Nalge Nunc International, Rochester, NY) and incubated
at 4°C overnight. Nonspecific binding was blocked by incubating with
phosphate-buffered saline (PBS) containing 2% FCS (PBSF) at room tem-
perature for 1 h, followed by washing with PBS containing 0.02% Tween
20 (PBST) and incubation with various concentrations of CD44ATM in
the PBSF at room temperature for 1 h. The wells were washed with PBST
and incubated for 1 h with an antihexahistidine monoclonal antibody
(Santa Cruz Biotechnology, Santa Cruz, CA), followed by incubation with
horseradish peroxidase (HRP)-conjugated goat anti-mouse IgG, and then
supplemented with o-phenylenediamine after washing with PBST. The
binding of the CD44ATM to TLR2ATM, PGN, LPS, or BSA was deter-
mined by measuring the absorbance at 450 nm.

Immunoprecipitation and immunoblotting. Cells were transfected
with the plasmids by the lipofection method, harvested at 48 h posttrans-
fection, washed three times with ice-cold PBS, and suspended in 0.4 ml
lysis buffer containing 20 mM Tris-HCl (pH 7.4), 135 mM NaCl, 1%
Triton X-100, 1% glycerol, and protease inhibitor cocktail tablets (Roche
Molecular Biochemicals, Mannheim, Germany). Cell lysates were incu-
bated for 30 min at 4°C and centrifuged at 14,000 X g for 15 min at 4°C.
The supernatant was immunoprecipitated with mouse monoclonal anti-
FLAG M2 and protein G-Sepharose 4B fast flow beads (Amersham Phar-
macia Biotech, Franklin Lakes, NJ), and the precipitates were washed with
Tris-buffered saline containing 20 mM Tris-HCl (pH 7.4), 135 mM NaCl,
and 0.05% Tween 20 (TBST). The proteins bound to the beads were
boiled in 20 ul of sample buffer, subjected to sodium dodecyl sulfate~
12.5% polyacrylamide gel electrophoresis (SDS-PAGE), and transferred
to polyvinylidene difluoride membranes (Millipore, Tokyo, Japan). These
membranes were blocked with TBST containing 5% skim milk and incu-
bated with mouse monoclonal anti-FLAG M2 or anti-hexahistidine
monoclonal antibody (Santa Cruz) at room temperature for 1 h and then
with horseradish peroxidase-conjugated anti-mouse IgG antibody at
room temperature for 1 h. The recombinant proteins were analyzed by
SDS-12.5% PAGE under reducing conditions, stained with GelCord blue
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stain reagent (Pierce), and detected by immunoblot analysis using anti-
hexahistidine monoclonal antibody (Santa Cruz), anti-FLAG M2 mono-
clonal antibody, anti-human CD44 monoclonal antibody (clone 3C-11;
Cell Signaling Technology, Inc., Beverly, MA), or anti-human TLR2 poly-
clonal antibody (clone TLR2.1; Santa Cruz). The stable knockdown clones
(1 X 10° cells/well) were stimulated with FSL-1 (1 pg/ml), and degrada-
tion of IkBa and expression of CD44 and B-actin were determined by
immunoblotting using antibodies specific to IxBa (Cell Signaling), CD44
(clone 3C-11), and B-actin (Sigma). The immune complexes and cell
lysates were visualized with Super Signal West femto substrate (Pierce)
and detected by using an LAS-3000 image analyzer system (Fujifilm, To-
kyo, Japan).

DNA microarray analysis. Total RNA was extracted from Huh7 and
HCV subgenomic replicon-harboring cells stimulated or not with FSL-1
(1 pg/ml) for 24 h by using an RNeasy minikit (Qiagen) and purified by
using a QuickPrep mRNA purification kit (GE Healthcare Life Science,
Little Chalfont, United Kingdom). Differentially expressed genes were
screened with the use of a DNA microarray system, the human genome
U133 plus 2.0 (Kurabo, Osaka, Japan). Data were analyzed by using the
‘GeneChip operating software version 1.4 (Affymetrix 690036) with Mi-
croarray Suite version 5.0 (MAS 5.0). Differentially expressed genes were
extracted using DNA microarray viewer (Kurabo), and then hierarchical
clustering was performed by using Avadis 4.3 prophetic software (Strand
Life Sciences, Bangalore, India).

Stable knockdown cell clones. The short interfering RNA (siRNA)
sequences of the sense strands targeted to human CD44 (5'-GGAAAUG
GUGCAUUUGGUGATAT-3"), human TLR2 (5'-GCCUUGACCUGUC
CAACAAdTAT-3"), and human MyD88 (5'-GGAGGAUUGCCAAAAG
UAUdTdT-3") were designed by using pSilencer Expression Vectors
Insert Design Tool (Ambion, Austin, TX) and were introduced into the
BamHI and HindIII sites of pSilencer 2.1 U6 Puro vector (Ambion). To
establish stable knockdown cell clones, cells were transfected with the
plasmids and drug-resistant clones were selected by treatment with puro-
mycin (InvivoGen) at a final concentration of 1 ug/ml.

Real-time PCR. Total RNA was prepared from cells by using an
RNeasy minikit (Qiagen), and the first-strand cDNA was synthesized
by using a ReverTra Ace (TOYOBO, Osaka, Japan) and oligo(dT),,
primer. Each cDNA was determined by using Platinum SYBR green
quantitative PCR (qPCR) SuperMix UDG (Invitrogen) according to
the manufacturer’s protocol. Fluorescent signals were analyzed with
an ABI PRISM 7000 (Applied Biosystems). The human IP-10, MIG,
I-TAC, interleukin-8 (IL-8), HCV internal ribosome entry site (IRES),
CD44, TLR1, TLR2, TLR4, TLRS, TLR7, TLRY, and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) genes were amplified using the
primer pairs 5'-GGCCATCAAGAATTTACTGAAAGCA-3" and 5'-TCT
GTGTGGTCCATCCTTGGAA-3', 5'-TTAAATTCTGGCCACAGACAA
CCTC-3’ and 5'-GCAGCCAAGTCGGTTAGTGGA-3', 5'-CTTTCATG
TTCAGCATTTCTACTCC-3' and 5'-CCTATGCAAAGACAGCGTCCT
C-3', 5'-CCCAAGGACGGAGACTTCGAT-3' and 5'-GAAACTTGCTG
TGGGTGACCAT-3’, 5'-GAGTGTCGTGCAGCCTCCA-3" and 5'-CAC
TCGCAAGCACCCTATCA-3', 5'-AACCCTTGCAACATTGCCTGA-3'
and 5'-GCTTCCAGAGTTACGCCCTTGA-3’, 5'-GGAGGCAATGCTG
CTGTTCA-3' and 5'-GCCCAATATGCCTTTGTTATCCTG-3', 5 -GAA
AGCTCCCAGCAGGAACATC-3' and 5'-GAATGAAGTCCCGCTTAT
GAAGACA-3', 5'-AGGATGATGCCAGGATGATGTC-3’ and 5'-TCAG
GTCCAGGTTCTTGGTTGAG-3', 5-CCTGGCAAGAGCATTGTGG
A-3"and 5-TCGTAATGGCACTCACTCTG-3’,5'-TCTTCAACCAGAC
CTCTACATTCCA-3" and 5'-GGAACATCCAGAGTGACATCACAG-
3', 5'-GGGACCTCGAGTGTGAAGCA-3' and 5'-CTGGAGCTCACAG
GGTAGGAA-3',and 5'-ACCACAGTCCATGCCATCAC-3" and 5'-TCC
ACCACCCTGTTGCTGTA-3", respectively. The expression of the
mRNA of each gene was normalized to that of GAPDH.

Reporter assay. Cells seeded onto 12-well plates at a concentration of
1.5 X 10° cells/well were transfected with 100 ng of each of the plasmids
encoding the luciferase gene under the control of the IP-10, endothelial-
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leukocyte adhesion molecule (ELAM), and IFN-stimulated response ele-
ment (ISRE) promoters and stimulated with 500 pg/ml of HA or 250
ng/ml of IFN-a at 24 h posttransfection. Luciferase activity was deter-
mined with the dual-luciferase reporter assay system (Promega, Inc.,
Madison, WI) and the Renilla luciferase reporter gene was simultaneously
transfected as an internal control.

Gene silencing by siRNA. siRNAs targeted to the endogenous human
CD44 (5'-GGAAAUGGUGCAUUUGGUGATAT-3") and negative con-
trol no. 1, which exhibits no downregulation of any human genes, were
purchased from Ambion. HCV replicon-harboring cells were transfected
with 100 nM siRNA by using siFector (B-Bridge International, Sunnyvale,
CA) according to the manufacturer’s protocol.

Flow cytometry. The cell surface expression of CD44 and CD81 on
Huh?7 cells, cells harboring subgenomic replicons of JEV and HCV of
genotypes 1b (Conl strain) and 2a (JFHI strain), and Huh70K1 cells
infected with HCVcc (JFH1) was analyzed by flow cytometry (Becton
Dickinson, Mountain View, CA). Cells were washed twice in PBSF and
incubated with mouse monoclonal antibodies to human CD44 (clone
BU52; Ancell, Inc., Bayport, MN) and human CD81 (BD Biosciences).
Mouse IgG1 and IgG2b (BD Biosciences) were used as isotype controls.
Cells were washed with PBSF and incubated with the phycoerythrin (PE)-
conjugated anti-mouse IgG monoclonal antibody.

Statistical analysis. Results were expressed as means * standard de-
viations. The significance of differences in the means was determined by
Student’s ¢ test.

RESULTS

Expression of IP-10 is specifically increased in cells replicating
HCV upon stimulation with conventional TLR2 ligands. To ex-
amine the involvement of TLR signaling pathways in IP-10 pro-
duction in cells replicating HCV, we determined the level of IP-10
mRNA in the HCV replicon-harboring and Huh7 cells upon
stimulation with various TLR ligands. Among the TLR ligands we
examined, PGN derived from bacterial components induced a
significant enhancement of IP-10 production in the replicon-har-
boring cells but not in Huh7 cells (Fig. 1A). A dose-dependent
induction of IP-10 was observed in the replicon-harboring cells
treated with PGN (Fig. 1B). The enhancement of IP-10 produc-
tion was also observed in the replicon-harboring cells in re-
sponse to other TLR2 ligands, including FSL-1, Pam2CSK, and
Pam3CSK, which are responsive to each of the heterodimers of
TLR2/-6 and TLR1/-6, in contrast to the inhibition of IP-10 pro-
duction in the replicon-harboring cells upon stimulation with
poly(I-C) (Fig. 1C), which was probably due to interference in the
dsRNA-dependent signaling pathway by NS3/-4A protease as de-
scribed previously (25). The expression of TLR2 was confirmed
not only in Huh7 and HCV replicon-harboring cells but also in
primary human normal hepatocytes and human liver sinusoidal
endothelial cells (Fig. 1D). To further examine the expression of
each of the CXC chemokines in the HCV replicon-harboring cells,
the level of mRNA of the CXC chemokines was determined by
real-time PCR upon stimulation with PGN or IFN-v. Although
treatment with IFN-v suppressed the replication of HCV and in-
duced the expression of IP-10, MIG, and I-TAC in the replicon-
harboring cells, stimulation with PGN induced the expression of
IP-10 but not of MIG and I-TAC in the replicon-harboring cells
(Fig. 1E). ;

We next examined the effect of HCV infection on the expres-
sion of CXC chemokines in cells upon stimulation with PGN.
Huh70K1 cells were established by the elimination of HCV RNA
from the replicon-harboring cells by treatment with IFN (34).
Huh70K1 cells are highly permissive to HCVcc (JFHI strain) in-
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'FIG 1 Enhancement of IP-10 production in the HCV-~replicating cells upon stimulation with TLR2 ligands. (A) Huh7 and HCV replicon-harboring cells were
stimulated with 20 wg/ml of PGN, 10 p.g/ml of R-837, 20 pg/ml of LPS, or 10 pg/ml of hCpG, and the levels of IP-10 mRNA were determined by real-time PCR at 24 h
after stimulation. (B) Huh7 and HCV replicon-harboring cells were stimulated with various concentrations of PGN, and the levels of IP-10 mRNA were determined at
24 h after stimulation. (C) Huh7 and HCV replicon-harboring cells were stimulated with 20 pg/ml of PGN, 1 pg/ml of FSL-1, 1 wg/ml of Pam2CSK (Pamz2), 1 pg/ml
of Pam3CSK (Pam3), or 50 pg/ml of poly(I-C) (PIPC), and the level of IP-10 mRNA was determined at 24 h after stimulation. (D) Total RNA was extracted from Huh7
cells, HCV replicon-harboring cells, primary human normal hepatocytes (hNHeps), and human liver sinusoidal endothelial cells (LSECs) cells, and expression levels of
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fection, and most of the cells were infected within 7 days postin-
fection (Fig. 1F). Expression of IP-10 was induced in Huh70K1
cells upon either stimulation with PGN or infection with HCVcc
and was synergistically increased by costimulation (Fig. 1G). IL-8
is an inflammatory chemokine involved in HCV pathogenesis and
a marker of the prognosis of CHC patients treated with IFN (37).
In addition to IP-10, the production of IL-8 was also enhanced in
Huh70K1 cells infected with HCVcc upon stimulation with PGN
(Fig. 1G). IP-10 production in Huh70OK1 cells upon infection
with HCVcc was inhibited by pretreatment of cells with an anti-
CD81 antibody in a dose-dependent manner in accord with the
suppression of NS5A expression (Fig. 1H). These results indicate
that the expression of IP-10 is specifically increased in cells repli-
cating HCV upon stimulation with conventional TLR2 ligands.
Expression of CD44 is enhanced in cells replicating HCV and
is associated with an increase of IP-10 production in response to
TLR2 ligands. To determine the mechanism of enhancement of
IP-10 production in cells replicating HCV upon stimulation with
TLR2 ligands, the gene expression profiles in Huh7 and the repl-
icon-harboring cells at 24 h after stimulation with a TLR2 ligand
(FSL-1) were assessed by DNA microarray analysis. A variety of
TLR2 ligand-inducible genes were regulated in the replicon-har-
boring cells upon FSL-1 stimulation (Fig. 2A). Among them, we
focused on CD44 as a candidate molecule for participation in the
enhancement of IP-10 production due to the significant enhance-
ment of this molecule in the HCV replicon-harboring cells. CD44
is an adhesion molecule, a broadly distributed type I transmem-
brane glycoprotein, and a receptor for the glycosaminoglycan hya-
luronan (HA). It has been shown that CD44 plays an important
role in a variety of immunologic functions, including the adhe-
sion, differentiation, homing, and activation of leukocytes and T
cell extravasation to sites of inflammation (38). To confirm the
data from the DNA microarray analysis, we examined the expres-
sion of CD44 in HCV replicon-harboring cells stimulated with
TLR2 ligands. The expression of CD44 mRNA was upregulated in
the replicon-harboring cells but not in Huh7 cells and was further
enhanced by stimulation with FSL-1 or Pam3CSK in accord with
the increase of IP-10 expression (Fig. 2B). Immunoblot analysis
confirmed the enhancement of endogenous CD44 expression in
the replicon-harboring cells (Fig. 2C). Furthermore, the cell sur-
face expression of CD44 was also upregulated in the HCV repli-
con-harboring cells of genotypes 1b (Conl strain) and 2a (JFH1
strain) but not in Huh7 and JEV subgenomic replicon-harboring
cells (Fig. 2D), consistent with the enhancement of CD44 expres-
sion upon stimulation with FSL-1 (Fig. 2E). Furthermore, the ex-
pression of CD44 in the replicon-harboring cells was reduced by
treatment with an HCV protease inhibitor (BILN2061), suggest-
ing that enhancement of CD44 is dependent on the replication of
HCV (Fig. 2F). These results suggest that the expression of CD44
is enhanced in HCV replicon-harboring cells autonomously rep-
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licating the HCV genome and is associated with an increase of
IP-10 production in response to TLR2 ligands.

CD44 does not participate in the IP-10 production upon
stimulation with TLR2 ligands derived from bacterial compo-
nents. To further examine the involvement of CD44 in IP-10 pro-
duction through the TLR2 signaling pathway, we assessed the ef-
fect of knockdown of CD44 expression on the IP-10 production in
HCV replicon-harboring cells. Although transduction of small
interfering RNA (siRNA) targeted to an ectodomain of CD44
which is well conserved among the CD44 variant isoforms sup-
pressed the expression of CD44, IP-10 production upon stimula-
tion with FSL-1 in the replicon-harboring cells exhibited no re-
duction (Fig. 3A). Similarly, the stable knockdown of CD44 in the
HCYV replicon-harboring cells did not show a reduction of IP-10
production upon stimulation with FSL-1 (Fig. 3B), suggesting
that CD44 expression is not involved in IP-10 production upon
stimulation with the conventional TLR2 ligands derived from
bacterial components. Furthermore, the degradation of IkBo
upon stimulation with FSL-1 was not affected by the stable knock-
down of CD44 in the replicon-harboring cells (Fig. 3C). These
results suggest that CD44 is not involved in the immune activation
by stimulation with TLR2 ligands derived from bacterial compo-
nents in cells replicating HCV RNA.

HA participates in IP-10 production in cells replicating
HCV. Previously, it has been shown that a low-molecular-weight
HA derived from the human umbilical cord acts as a TLR2 ligand
in primary murine macrophage cells (41). Serum HA is derived
from lymphocytes, fibroblasts, and hepatic stellate cells in the
liver, and elevation of serum HA is an indicator for hepatic fibrosis
and dysfunction of sinusoidal endothelial cells, because most HA
is degraded in the hepatic sinusoidal endothelial cells (22). To
determine the role of HA in IP-10 production in human hepa-
toma cell lines, we established Huh70XK1 cell lines stably express-
ing siRNA targeted to CD44, TLR2, or MyD88. The IP-10 produc-
tion upon stimulation with HA was severely impaired by the

knockdown of either gene (Fig. 4), suggesting that IP-10 produc-

tion upon stimulation with HA is totally dependent upon the
CD44-TLR2-MyD88 axis.

The production of IP-10 in the replicon-harboring cells was
enhanced in both mRNA and protein levels by stimulation with
HA (Fig. 5A). In addition to IP-10, the HCV replicon-harboring
cells induced the expression of IL-8 but not of other CXCR3 li-
gands, including MIG and I-TAC, upon stimulation with HA (Fig.
5B). The enhancement of IP-10 production by stimulation with
HA was also observed in the HCV replicon-harboring cells de-
rived from other genotypes but not in the parental Huh7 cells and
JEV replicon-harboring cells (Fig. 5C). The stable knockdown of
CD44 in the HCV replicon-harboring cells significantly sup-
pressed IP-10 production upon stimulation with HA but not with
IFN-« and IFEN-v (Fig. 5D). The promoter region of IP-10 in-

TLR mRNA were determined by real-time PCR. (E) Huh7 and HCV replicon-harboring cells were stimulated with 20 jug/ml of PGN or 250 ng/ml of IFN-y, and
the IP-10, MIG, or I-TAC mRNA level and HCV IRES RNA level were determined by real-time PCR at 24 h after stimulation. (F) Huh70K1 cells infected with
HCVecc at a multiplicity of infection (MOI) of I and incubated for 7 days were fixed with 4% paraformaldehyde-PBS, permeabilized with 0.25% saponin, and
immunostained with an anti-NS5A monoclonal antibody. (G) Huh70K1 cells infected with HCVcc were stimulated with 20 wg/ml of PGN at 6 days postinfec-
tion, and the IP-10, MIG, I-TAC, or IL-8 mRNA level was determined by real-time PCR at 24 h after stimulation. (H) Huh7OK1 cells were treated with various
amounts of antibodies against isotype control IgG (Cont) or human CD81 for 2 h at 37°C and infected with HCVcc at an MOI of 1. Levels of IP-10 mRNA and
expression of NS5A were determined at 6 days postinfection by real-time PCR and immunoblotting, respectively. Data from real-time PCR were normalized to
the amount of GAPDH mRNA. Asterisks indicate significant differences (¥, P < 0.05; **, P < 0.01) versus the results for control cells or mock-infected cells.
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FIG 2 Expression of CD44 in HCV replicon-harboring cells is upregulated in accord with IP-10 production in response to TLR2 ligands. (A) Twelve genes in
Huh7 and HCV replicon-harboring cells treated or not treated with FSL-1 were selected, and the resulting heat map is shown. PBEF1, pre-B-cell colony
enhancing factor 1; CPN2, carboxypeptidase N, polypeptide 2; N21434, full-length insert cDNA YQ07B06; BF509371, unannotated protein; HDACSY, histone
deacetylase 9; TNFAIP3, tumor necrosis factor, alpha-induced protein 3; RND1, Rho family GTPase 1; PIK3AP1, phosphoinositide-3-kinase adaptor protein 1;
BC035612, Homo sapiens clone IMAGE:4183247 mRNA; GPC3, glypican 3; CA3, carbonic anhydrase III, muscle specific. (B) Huh7 and HCV replicon-harboring
cells were stimulated with 1 pg/ml of FSL-1 or 1 pg/ml of Pam3CSK (Pam3), and the mRNA levels of IP-10 and CD44 were determined by real-time PCR at 24
h after stimulation. (C) Expression of CD44, NS5A, and $-actin in Huh7 and HCV replicon-harboring cells was determined by immunoblotting. IP, immuno-
precipitation. (D) Cell surface expression of CD44 on Huh?7 cells, HCV replicon-harboring cells derived from genotype 1b (Conl strain) and 2a (JFH1 strain),
and JEV replicon-harboring cells was determined by flow cytometry. The filled histograms of purple and orange indicate results for unstained (NC) and stained
cells, respectively. Blue lines indicate results for isotype control. (E) Huh?7 cells, HCV replicon-harboring cells (Conl and JFHI strains), and JEV replicon-
harboring cells were stimulated with 1 pg/ml of FSL-1, and the level of CD44 mRNA was determined by real-time PCR at 24 h after stimulation. (F) Huh7 and
HCV replicon-harboring cells were treated with 100 nM HCV protease inhibitor (BILN2061), and RNA levels of CD44 and HCV were determined at 72 h
posttreatment. Data from real-time PCR were normalized to the amount of GAPDH mRNA. Asterisks indicate significant differences (*, P < 0.05) versus the
results for control cells.
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