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SUMMARY. Genetic variation in the IL-28B (interleukin-
28B: interferon lambda 3) region has been associated
with sustained virological response (SVR) rates in patients
with chronic hepatitis C treated with peginterferon-z and
ribavirin. However, the mechanisms by which polymor-
phisms in the IL-28B gene region allect host antiviral
responses are not well understood. Using the HCV 1b and
2a replicon system, we compared the effects of IFN-/s and
IFN-2 on HCV RNA replication. The anti-HCV efllect of
IFN-23 and IFN-x in combination was also assessed.
Changes in gene expression induced by IFN-23 and IFN-z
were compared using ¢cDNA microarray analysis. IFN-Zs
at concentrations of 1 ng/mL or more exhibited concen-
tration- and time-dependent HCV inhibition. In combina-
tion. IFN-23 and IFN-z had a synergistic anti-HCV effect:
however, no synergistic enhancement was observed for

interferon-stimulated response element (ISRE) activity or
upregulation of interferon-stimulated genes (ISGs). With
respect to the time course of ISG upregulation, the peak
of IFN-Z3-induced gene expression occurred later and
lasted longer than that induced by IFN-z. In addition,
although the genes upregulated by IFN-z and IFN-.3
were similar to microarray analysis, interferon-stimulated
gene expression appeared early and was prolonged by
combined administration of these two IFNs. In conclusion.
IFN-z and IFN-23 in combination showed synergistic anti-
HCV activity in vitro. Differences in time-dependent upreg-
ulation of these genes might contribute to the synergistic
antiviral activity.

Keywords: HCV, IFN-/. IL-28B. ISG. synergistic inhibition,
microarray.

INTRODUCTION

In 2009, reports from three genome-wide association studies
revealed that several single-nucleotide polymorphisms
(SNPs) (rs12979860, rs12980275 and rs8099917) around
the IL-28B (interleukin-28B; interferon lambda 3) gene are
strongly associated with sustained viral response (SVR) to
PEG-IFN and RBV treatment for chronic hepatitis C [1-3].
Specilically, patients with the TG or GG genotype at
rs8099917 infected with genotype 1b are more resistant to
PEG-IFN and RBV ftreatment than patients with the TT

Abbreviations: DMEM, Dulbecco’s modified Eagle's medium: FBS,
foetal bovine serum; ISG, interferon-stimulated genes; MTS, dim-
ethylthiazol carboxymethoxyphenyl sulphopheny! tetrazolium;
PBMC, peripheral blood mononuclear cells; SNP. single-nucleotide
polymorphisms; STAT, signal transducer and activator of tran-
scription; SVR, sustained viral response.
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genotype. IL-28B haplotypes were also reported to be strongly
associated with spontaneous HCV clearance [1. 4. 5].

IL-28B is a member of the type III IFN family [6], con-
sisting of IFN-/1 (IL-29). IFN-.2 (IL-28A) and IFN-/3
(IL-28B). IFN-/s bind to their cognate receptor. composed
of IL28R1 and IL10OR2. and then activate the receptor-
associated Janus-activated kinases (Jak) 1 and tyrosine
kinase (Tyk) 2. leading to the activation of downstream
signal transducer and activator ol transcription (STAT)
proteins. STAT1 and STAT2. Similar to type I IFN signal-
ling. the Jak-STAT signalling pathway activates the IFN-
stimulated response element (ISRE) within the promoter
region of interferon-stimulated genes (ISGs) [7].

Concerning the functional role of IL-28B in HCV infec-
tion. two of in vivo studies assessed the correlation of
IL-28A/B mRNA levels in whole blood and peripheral
blood mononuclear cells (PBMC) with IL-28B haplotypes at
position rs8099917. IL-28 A mRNA and IL-28B mRNA lev-
els in subjects with the TT genotype were higher than in
subjects with other genotypes (TG or GG), suggesting an
association between higher amounts of endogenous IFN-/s
and HCV clearance [2. 3]. On the other hand. subjects
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with the TT genotype at SNP rs8§099917 were reported to
have lower expression levels of ISGs in the liver during the
pretreatment period as compared with subjects with the
TG or GG genotypes [8]. Several in vitro studies support a
direct role of IFN-/s in the control of HCV replication
through the innate immune pathway. In a cell culture sys-
tem, Marcello et al, [9] showed that IFN-A1 inhibited HCV
replication with similar kinetics to that of IFN-z, although
IFN-21 induced stronger upregulation of ISGs and this
effect lasted longer. Moreover, combinations of IFN-/1 and
IFN-2 had a grealer inhibitory effect on HCV replication
compared with the individual agents [10].

As suggested by the studies performed to date. a change in
IFN-/3 expression might be a key mechanism by which IL-
28B SNPs determine the response to PEG-IFN and RBV.
Considering that IFN-2.1 plays a direct role in the control of
HCV replication and that IFN-.1 enhances the antiviral
activity ol IFN-z, it seems reasonable to speculate that IFN-
2.3 plays a similar antiviral role. Therefore. in this study., we
investigated the direct antiviral role of IFN-/3 alone and in
combination with IFN-z using an HCV replicon system. In
addition, we used microarray analysis to investigate the
influence of IFN-/3, alone or in combination with IFN-z, on
the regulation of ISG-mediated antiviral pathways.

MATERIALS AND METHODS

Cell culture and HCV replicon

The human hepatoma cell lines OR6 and Huh7.5.1 were
maintained in Dulbecco's modified Bagle's medium (DMEM:
Sigma, St. Louis, MO. USA) supplemented with 10% foetal
bovine serum (FBS) at 37°C in 5% CO,. JFH-1-infected
Huh7.5.1 cells were grown in DMEM supplemented with
10% FBS. The OR6 cell line. harbouring full-length geno-
type 1b HCV RNA and co-expressing Renilla luciferase
(ORN/C-5B/KE) [11]. was established in the presence of
500 pg/mlL G418 (Promega. Madison, WI. USA).

Reagents

IL-28A (IFN-/2), IL-28B (IFN-423) and IL-29 (IFN-.1) were
obtained from R&D Systems (Minneapolis, MN, USA). IL-
28A and IL-29 are recombinant proteins generated from
an NSO-derived murine myeloma cell line, and TL-28B is a
recombinant protein generated rom the CHO cell line.
Interferon alpha-2b (INTRON®A 300 IU) was obtained
from Schering-Plough Corporation (Kenilworth. NJ. USA).

Reporter plasmids and luciferase assay

HCV replication in ORG6 replicon cells was determined by
monitoring Renilla luciferase activily (Promega). To moni-
tor IFN signalling directed by the interleron-stimulated
response element (ISRE), the plasmids pISRE-luc expressing

firefly luciferase were cotransfected using FuGENE®6
Transfection Reagent (Roche, Indianapolis. IN, USA) fol-
lowing the manufacturer’s protocol. Luciferase activity was
quantified using the dual-luciferase assay system (Pro-
mega) and a GloMax 96 Microplate Luminometer (Pro-
mega). Assays were performed in triplicate, and the results
were expressed as mean = SD percentage of the control
values.

Quantification of HCV core protein and RNA

We quantified HCV core protein in culture supernatant
using Lumipulse Ortho HCV Ag (Ortho Clinical Diagnostics,
Tokyo. Japan) as specilied by the manufacturer. The princi-
ple of the measurement method is based on the chemilumi-
nescent enzyme immunoassay (CLEIA) [12].

Real-time reverse transcription polymerase chain reaction
{RT-PCR)

Intracellular genomic JFH-1 HCV RNA as well as cellular
mRNA of IFI-6. IFIT1 (ISG56). DDX60, 0AS2, Mx1 and
USP18 was quantilied by TagMan RT-PCR. The cells were
lysed and subjected to reverse transcription without purifi-
cation of RNA using a Cells-to-Ct kit (Applied Biosystems.
Foster City. CA, USA) according to the manufacturer's pro-
tocol. Quantitative PCR was performed in triplicate using a
7500 Real-Time PCR System (Applied Biosystems) and
TagMan Gene Expression Assays (Applied Biosystems)
according to the instructions.  The
sequences of the sense and antisense primers and the Tag-
Man probe for 5UTR region of HCV were 5-TGCGG
AACCGGTGAGTACA-3", 5'-CTTAAGGTTTAGGATTCGTGCT
CAT-3' and 5-(FAM)CACCCTATCAGGCAGTACCACAAGG
CC(TAMRA)-3'. respectively. TagMan probes [or IFI-6.
IFIT1 (ISG56). DDX60. OAS2, Mx1 and USP18 were pur-
chased from Applied Biosystems. Primers for 18s rRNA
(Applied Biosystems) were used as internal control.

manufacturer’s

Microarray analysis

OR6 replicon cells were harvested by centrifugation after
exposure to .01 ng/mL IFEN-2, 10 ng/mL IFN-.3 or a
combination of both for 6, 12. 24 and 48 h. Total RNA
was isolated from cells using the RNeasy Mini Kit (Qiagen.
Valencia, CA. USA). On-column DNase digestion was per-
formed using the RNase-Free DNase Set (Qiagen). Quality
control of extracted RNA was performed with the 2100
Bioanalyzer (Agilent Technologies. Palo Alto. CA. USA).
The RNA was then amplilied and labelled using the Ambion®
WT Expression Kit and GeneChip® WT Terminal Labelling
and Control Kit (Affymetrix, Santa Clara. CA, USA). cDNA
was synthesized. labelled and hybridized to the GeneChip®
array according to the manufacturer's protocol. starting
with 200-ng total RNA. The GeneChips were [inally washed

© 2012 Blackwell Publishing Ltd
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and stained using the GeneChip™ Fluidics Station 450
(Affymetrix) and then scanned with the GeneChip”w Scanner
3000 7G (Alfymetrix).

Affymetrix CEL liles were imported into GeneSpring GX
v.11.5 (Agilent Technologies. Santa Clara, CA, USA) anal-
ysis software. Data were normalized using robust multichip
average analysis (RMA).

Dimethylthiazol carboxymethoxyphenyl sulphophenyl
tetrazolium (MTS) assays

To evaluate the cell viability, dimethylthiazol carboxymeth-
oxyphenyl sulphopheny! tetrazolium (MTS) assays were
performed using a CellTiter 96 AQueous One Solution Cell
Proliferation Assay kit (Promega) according {o the manu-
facturer’s instructions.

Statistical analyses

Statistical analyses were performed using an unpaired,
two-tailed Student’s t-test. P values of < 0.05 were consid-
ered to be statistically significant.

RESULTS

IFN-/1, IFN-).2 and IFN-2.3 demonstrate antiviral
activity against HCV

To determine the antiviral effect of IL-29 (IFN-21). IL-28A
(IFN-/2) and I1-28B (IFN-.3) against HCV. OR6/0ORN/C-
5B/KE cells were seeded in 96-well plates for 24 h and
then treated with IFN-.1, IFN-22, IFN-Z3 or IFN-z at vari-
ous concentralions for another 24, 48 and 72 h. In this
system, the Renilla luciferase activity reflects the amount of
HCV RNA synthesized. As shown in Fig. 1, at concentra-
tions of 1 ng/mL or more, all IFN-/s led to a concenira-
tion- and time-dependent decrease in luciferase activity of
the ORG6/C-5B replicon. IFN-43 at 10 ng/mL inhibited HCV
replication (32% reduction, P < 0.05) to a similar extent
as 0.01 ng/mL IFN-z (49% reduction, P < 0.05) by 48 h.
We also assessed the effects of IFN-.1, IFN-22 and IFN-
23 on Huh7.5.1/]JFH-1 cells. JFH-1 cells were seeded in
96-well plates for 24 h and then treated with IFN-.1, IFN-
/2. IFN-73 or IFN-z at various doses for another 48 h. To
determine their antiviral effect, HCV core protein in the
medium and intracellular HCV RNA were measured by
CLEIA and quantitative real-time RT-PCR. respectively.
HCV RNA quantitative PCR assays were multiplexed [or
18s ribosomal RNA to control for the amount ol input
RNA. As shown in Fig. 2. all IFN-/s inhibited HCV replica-
tion in JFH-1 cells in a concentration-dependent manner.
Similarly, all of the IFN-/s caused suppression of HCV core
protein secretion into the cell culture medium (Figure S1).
In C-5B system. there was no evidenl cytotoxicity below
100 ng/mL in any interferons except for IFN-.1 (Figure

© 2012 Blackwell Publishing Ltd

Synergistic effect of IFN-23 and IFN-z =~ 3

S2). On the other hand, cytotoxicily was observed in lesser
concentrations by those IFNs in JFH-1 system. However. as
demonstrated in Fig. 2 and Figure S3. antiviral effect
exceeded the cytloioxicity in the JFH-1 system.

Synergistic inhibition of HCV replication by IFN-A3 and
IFN-¢ in combination

We examined whether the combination of IFN-.3 and IFN-«
induces greater antiviral activity as compared with the indi-
vidual cytokines alone. OR6/0ORN/C-5B/KE cells were trea-
ted with the combinations of IFN-/3 and IFN-« at various
concentrations for 48 h. As shown in Fig. 3a, the relative
concentration—inhibition curves of IFN-o were plotted for
each lixed concentration of IFN-/.3, and the curves shifted to
the left with increasing concentrations of IFN-23. The results
indicate a synergistic effect of IFN-/3 and IFN- against HCV
replication. We confirmed the synergistic effect of IFN-/3
and IFN-« by isobologram (Fig. 3b). The inhibitory eflects of
the combination were quantified according to the method of
Chou et al. using the CalcuSyn software program (Biosoft,
Cambridge, UK). At the EDsq of each drug, the combination
index was 0.40-0.61, indicating significant synergism. We
also assessed the effect of the combination on Huh7.5/JFH-1
cells by HCV RNA quantitative PCR assays and HCV core
protein secretion. At the EDsq of each drug. the combination
index was (.55 and 0.48. respectively (Table S1). The cylo-
toxicily was not observed at the range of concentration
tested (Fig. S2E, S3E).

IFN-/3 induces ISRE promoter activity

We used the ISRE luciferase reporter assay to assess activ-
ity downstream of the JAK-STAT signalling pathway. The
ISRE-firefly lucilerase plasmid was iransfected into OR6/
ORN/C-5B/KE cells for 24 h, and these cells were cultured
with various concentrations of IFN-23 and IFN-z for
another 12, 24 or 48 h. Firelly and Renilla luciferase activ-
ity was then measured.

IFN-/3 induced ISRE luciferase activity in a time-depen-
dent manner: activily was elevaled threefold after treat-
ment with 100 ng/mL IFN-23 for 48 h (Fig. 4). In
contrast. IFN- induced ISRE luciferase more rapidly, pro-
ducing maximal activation of the response to IFN-z at
12 h. The combination of IFN-.3 and IFN-z induced ISRE
luciferase activity similarly to IFN-23 alone.

IFN-o and IFN-/.3 induce expression of similar genes in
HCV 1b replicon cells

OR6/0ORN/C-5B/KE cells were stimulated for 6, 12, 24 and
48 h with 0.01 ng/mL IFN-c.. 10 ng/mL IFN-A3 or a com-
bination of both, while controls were left unstimulated for
the same time interval. Induction of gene expression by
IFNs was analysed in microarray experiments.
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Fig. 1 IFN-z and IFN-/s inhibit HCV replicon in OR6 cells. Specilic inhibition of the replication of a full-length HCV
genotype 1b replicon by (a) IFN-z and (b) IFN-21. (c) IFN-/2. (d) IFN-/.3 were quantified on the basis of luciferase activity.
Symbols show the mean value of triplicate wells: error bars show the SD. *: P < 0.05 vs control (IFN 0 ng/mL) of each

time point.
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Fig. 2 IFN-z and IFN-/s inhibit HCV replicon in Huh7.5.1 cells. JFH1-infected Huh7.5.1 cells were incubated with various
concentrations of (a) IFN-z and (b) IFN-.1. (¢) IFN-/2, (d) IFN-/3. After 48 h of treatment, total RNA was isolated and
reverse transcribed, after which quantitative PCR was performed. Symbols show the mean value of triplicate wells; error
bars show the SD. *: P < 0.05 vs control (IFN O ng/mL).
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Fig. 4 IFN-stimulated response element (ISRE) promoter activity induced by IFN-z, IFN-23 or combination of IFN-z and
IFN-/3. OR6/ORN/C-5B/KE cells transfected with ISRE-firelly luciferase were cultured with various concentrations of IFN-z
alone, IFN-43 alone or 0.01 ng/mL IFN-z plus 10 ng/mL IFN-/3. ISRE-firefly luciferase activity at 24 h after transfection.
Symbols show the mean value of triplicate wells: error bars show the SD. *: P < 0.05.

At all time points, the IFN-/3-ireated samples showed a
tendency [or the induction of a larger number of genes than
samples treated with IFN-z. However, as shown in Table 1
listing the top 25 genes that were upregulated by both IFN-
2 and IFN-23 at 12 h. most of the upregulated genes are
previously identified ISGs and the genes with high ranks
were similar irrespective of the type ol IFN or time point.

The time course of 1SGs regulation differs between IFN-o
and IFN-2.3

By microarray analysis, ISGs were more rapidly induced
after the addition of IFN-z vs IFN-.3 (data not shown). To
confirm the rapid induction of ISGs by IFN-z. six ISGs, that
is. IFI-6, IFIT1 (ISG56), DDX60. OAS2, Mx1 and USP18,
were quantified for time-dependent expressional change by
real-time RT-PCR. Expression of most of the genes upregu-
lated by IFN-x peaked at 12 h and fell thereafter. In con-
trast, expression of IFN-/3-induced genes peaked at 24 h

© 2012 Blackwell Publishing Ltd

and lasted up to 48 h. Combination of IFN-z and IFN-/3
induced ISG with peak effects occurring at 12-24 h and
lasting up to 48 h (Fig. 5).

DISCUSSION

In this study, we demonstrated that IFN-A family members
have distinctive time-dependent antiviral activities in an
HCV replicon system and that IFN-Z3 and IFN-z have a
synergistic eflect in combination. Moreover, we attempted
to identify the antiviral mechanism of IFN-43 by conduct-
ing a cDNA microarray analysis.

In previous studies, anti-HCV activity of IFN-21, IFN-/.2
and IFN-43 was reported in JFH-1 and OR6/C-5B systems
[13]. Time-dependent anti-HCV activity has also been
observed with IFN-Z1 [9]. In this study, we confirmed the
previous results and added the further finding that time-
dependent antiviral activity is not limited to IFN-21, but
rather is common among all IFN-/s.
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Table 1 Top 25 genes that were upregulated by both IFN-7 and IFN-/.3 at 12 h

Gene Gene IFN-2 0.01 ng/mL  IFN-23 10 ng/mL  IFN-2+IFN-/3

bank ID symbol Gene description fold increase fold increase fold increase

BCO0O7091 IFIT1 Interferon-induced protein 4.01 4.49 4.87
with tetratricopeptide
repeals 1

BC049215 0AS2 2'-5'-pligoadenylate 3.06 3.88 4.48
synthetase 2, 69/71kDa

M33882 MX1 Myxovirus (influenza virus) 3.24 3.29 3.69
resistance 1

AF095844  IFIH1 Interferon induced with helicase 2.73 3.02 3.54
C domain 1

BC0O38115  DDX60 DEAD (Asp-Glu-Ala-Asp) box 2.70 2.92 3.51
polypeptide 60

BC011601 IFI6 Interferon, alpha-inducible 3.07 3.24 3.42
protein 6

BC042047  HERC6 Hect domain and RLD 6 .56 2.75 3.34

AF442151  RSAD2 Radical S-adenosyl methionine 1.32 2.59 3.28
domain containing 2

U34605 IFITS Interferon-induced protein with 2.47 291 3.25
{etratricopeptide repeats 5

AY730627 OAS1 2'.5"oligoadenylate synthetase 1, 2.32 57 3.05
40/46kDa

AB0O06746  PLSCR1 Phospholipid scramblase 1 2.37 2,51 3.03

AF307338  PARP9 Poly (ADP-ribose) polymerase 2.46 2.94
family, member 9

M87503 IRF9 Interferon regulatory factor 9 2.61 2.59 2.85

AK297137 IFIT3 Interferon-induced protein with 1.90 2.36 2.79
tetratricopeptide repeats 3

AK290655 EIF2AK2  Eukaryolic translation initiation 2.47 2.45 2.77
factor 2-alpha kinase 2

BX648758 PARP14 Poly (ADP-ribose) polymerase 2.07 2.25 2.66
family. member 14

BC132786  DDX58 DEAD (Asp-Glu-Ala-Asp) box 1.83 2.17 2.59
polypeptide 58

AF445355 SAMD9 Sterile alpha motil domain 2.07 2.08 2.56
containing 9

DDX60L  DEAD (Asp-Glu-Ala-Asp) box 1.63 1.92 2.39

polypeptide 60-like

BCO14896  USP1s! Ubiquitin-specific peptidase 1.52 1.78 2.11

USP41 18/ubiquitin-specilic peptidase 41

AB0O44545  0AS3 2'-5"-oligoadenylate synthetase 3. 1.44 1.57 2.10
100kDa

BCO10954  CXCL10 Chemokine (C-X-C motif) ligand 10  0.76 1.66 1.99

BC014896  USP18 Ubiquitin-specilic peptidase 18 1.33 1.55 1.99

AL832618  IFI44L Interferon-induced protein 44-like 0.58 1.31 1.95

We also assessed whether IFN-/3 and IFN-z in combina-
tion could produce additive or synergistic effects on antivi-
ral activity. In previous studies. additive antiviral activity
against HCV was reported with the combination of IFN-.1
and IFN-z [9, 10]. However, there have been no previous
reports on the combined effects of IFN-23 and IFN-z. In
this study, the focus was on IFN-/3, because IFN-/.3 is sus-
pected to be the key molecule, mediating the effect of SNPs

in the IL-28B gene region on the anti-HCV response 1o
IFN-z. As shown in Fig. 3 and Table S1. synergistic induc-
tion of anti-HCV activity occurred in both the OR6/C-5B
and Huh7.5/]FH-1 HCV replicon systems. Synergy was
demonstrated by the combination index values (Table S1).

Although it has been reported that the upregulated
genes induced by IFN-/. are similar to those induced by
IEN-2 [9. 14-16]. there have been no previous reports on

© 2012 Blackwell Publishing Ltd
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Fig. 5 Time course of ISG expression induced by 0.01 ng/mL IFN-z, 10 ng/mL IFN-.3 or 0.01 ng/mL IFN-z plus 10 ng/
mL IFN-73. Expression of the ISGs — IFI-6, IFIT1 (ISG56), DDX60. OAS2, Mx1 and USP18 — in OR6/0ORN/C-5B/KE cells
treated 6, 12, 24 and 48 h were determined by gRT-PCR. Results are presented as the relative fold induction. Symbols
show the mean value of triplicate wells: error bars show the SD. Solid lines represent 0.01 ng/mL IFN-x alone, whereas fine
dashed lines show 10 ng/mL TFN-/3 alone, and coarse dashed lines show the combination of the 2 cytokines.

the genes induced by IFN-z and IFN-Z in combination. In
cDNA microarray analysis, as demonstrated in Table 1.
the most strongly upregulated genes induced by IFN-u/
IFN-43 alone or in combination were almost identical, and
most of them were ISGs. As no genes showed upregulation
specilic to IFN-13, we speculate that IFN-z and IFN-.3
share a similar antiviral intracellular mechanism at the
molecular level.

Unexpectedly in microarray analyses, synergistic upregu-
lation of ISGs was not observed. In the same manner, Tag-
Man real-time RT-PCR analysis showed that the
combination of IFN-z and IFN-/3 did not upregulate ISGs
synergistically (Fig. 5). In addition to ¢cDNA microarray
analysis, ISRE reporter assays were performed to determine
the activation of components of the JAK-STAT pathway
common to both type I and III IFNs. As shown in Fig. 4,
each IFN upregulated ISRE activity, and the combination
of IFN-23 and IFN-z did not synergistically enhance ISRE
activity either.

Meanwhile, the peak time of the induction of ISG expres-
sion differs for IFN-o and IFN-/Z1 [9, 17]: peak gene expres-
sion occurs earlier with IFN-z than with IFN-/.1. In our
study, we conlirmed that the peak induction of gene expres-
sion occurred later (24 h) and lasted longer (24-48 h) with
[FN-43 than with IFN-z (12 h). Importantly, gene expres-
sion appeared early (12 h) and was prolonged (48 h) by the
combination of both IFNs. Similarly to the peak time differ-
ence between IFN-z and IFN-43 seem for ISG expression. a
time-dependent increase in ISRE activation was observed
with the combination of both IFNs. While the precise mecha-
nism remains to be clarified. differential regulation of the
time-dependent induction of ISG gene expression could be
one of the mechanisms underlying the synergistic antiviral

© 2012 Blackwell Publishing Ltd

effect. One of the molecules contributing to time-dependent
ISG upregulation is the ISG known as ubiquitin-specific
peptidase 18 (USP18), which has been reported to bind to
IFNAR2 and inhibit the interaction of Jak1 with its receptor.
thereby preventing IFN-« signalling while leaving TFN-/ sig-
nalling unaffected [18. 19]. Actually. expression of USP18
is specifically upregulated with IFN-23 in this study as
shown in Fig. 5. If the ISGs upregulated by IFN-x are down-
regulated by USP18, it is plausible that the expression of
genes induced by IFN-z decreases early. while expression of
genes induced by IFN-/ lasts longer.

A number of clinical studies have confirmed that SNPs
around the TL-28B gene are associated with the response
to PEG-IFN and RBV therapy, and as previously indicated.
various investigations have been performed to clarify the
underlying Specilically, increased IL-28B
mRNA expression in PBMC [2. 3]. high serum concentra-
tions of IFN-41 (IL-29) [20]. low expression of ISGs in the
liver prior to IFN treatment [8, 21] and high upregulation
of ISG expression by IFN treatment [8. 22] were found in
subjects with IL-28B SNP genotypes associated with SVR
(rs12979860 CC and rs8099917 TT). Although the func-
tional role of IFN-Z3 still needs to be investigated more
thoroughly. if IFN-43 expression change is the essential dif-
ference in determining the clinical treatment response to
PEG-IFN and RBV therapy and if its expression is decreased
in patients with the specilic IL-28B genotype, which is
associated with non-SVR. it is possible that exogenous
administration of IFN-23 might improve IFN-z-induced
viral clearance and that such treatment would be benefi-
cial for patients with the IFN-resistant IL-28B genotype.

In present study. the ORG6-cultured cells harboured the
rs8099917 TT genotype, and recombinant IFN-23 (IL-

mechanism.
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28B) protein used in the experiment was derived from cells
with the rs8099917 TT genotype (data not shown). There-
fore, the viral responses and/or cellular gene expression
change in cells and/or proteins with different IL-28B geno-
types in vitro should be determined in future studies.

In conclusion. we demonstrated that IFN-x and IFN-.3
synergistically enhance anti-HCV activity in  vitro.
Although the ISGs upregulated by IFN-z and IFN-/3 were
similar, differences in time-dependent upregulation of these
genes, especially prolonged ISGs expression by IFN-/3.
might contribute {o their synergistic antiviral activity.
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Figure S1: IFN-a and IFN-As inhi-
bit HCV core protein secretion. JFH1-
infected Huh?7.5.1 cells were incu-
bated with various concentrations of
IFN-« and IFN-A1, -A2, -A3. Aller 48
h of treatment, HCV core protein in
the medium was measured. Symbols
show the mean value ol triplicate
wells: error bars show the SD. * p <
0.05 vs. control (IFN Ong/ml).
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