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SUMMARY. Interferon-o (IFN-«) is widely used in the treat-
ment of chronic hepatitis C (CHC). The suppressor of cyto-
kine signalling (SOCS) family has been implicated in the
regulation of JAK-STAT signalling, including IFN signalling.
The negative effect of SOCS expression on the response of
CHC to IFN-q¢ is demonstrated here. The transcriptional
levels of SOCS-1 and -3 in the livers of 21 patients with CHC
and eight controls were investigated by quantitative reverse
transcription-polymerase chain reaction. We established
stable transfectants of SOCS-1 in a human hepatoma cell
line, PLC/PRF/5 and analysed the effects of SOCS-1 on the
phosphorylation of IFN-«-induced STAT-1 tyrosine by im-
munoblotting and the expression of antiviral genes by Nor-
thern blot. A prospective cohort study on SOCS-1 expression
and clinical outcome was carried out in 77 patients with

CHC who received IFN therapy. SOCS-1, but not SOCS-3,
transcripts in the livers of CHC were significantly higher
than controls (P < 0.005). IFN-a-induced STAT-1 phos-
phorylation and the expression of antiviral genes were
inhibited in SOCS-1-transfected cells. Patients showing high
SOCS-1 expression in the liver had a significantly lower rate
of sustained virological response (SVR) to IFN therapy than
those with low SOCS-1 expression (P = 0.0014). A multi-
variate analysis performed with host factors revealed that
SOCS-1 staining in the liver can serve as a significant pre-
dictor for IFN SVR (P = 0.004). SOCS-1 expression is
enhanced in the livers of CHC patients and might be involved
in resistance to IFN therapy.

Keywords: antiviral gene, hepatitis C, IFN signalling, SOCS.

INTRODUCTION

Hepatitis C virus (HCV) infection is a leading cause of
chronic liver diseases worldwide. Interferon-a (IFN-a) with
or without the guanosine analogue, ribavirin is widely
used in the treatment of chronic hepatitis C (CHC).
However, a sustained virological response (SVR) as a re-
sult of therapy is limited [1- 5]. The HCV genotype and
baseline levels of viraemia have been reported to be the

Abbreviations: 2’-5’-0AS, 2’-5’-oligoadenylate synthetase; PKR,
double-stranded RNA-dependent kinase; DMEM, Dulbecco’s modified
Eagle's medium; FBS, foetal bovine serum; PBS, phosphate-buffered
saline.
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most important predictive factors for responsiveness to IFN
therapy [4— 6]. Several host factors, namely a young age,
female sex and a low degree of fibrosis on liver biopsy
are correlated with a greater likelihood of a sustained
response {7, 8]. However, very little is known concerning
the issue of whether differences in intracellular IEN sig-
nalling in individuals contribute to the outcome of IFN
therapy. :

The main pathway of IFN-u/f signalling requires two
receptor subunits. The binding of type I IFN to their recep-
tors, IFNAR1 and IFNAR2, activates JAK1 and Tyk2. The
activated JAK phosphorylate specific tyrosine residues on
STAT1 and STAT2 in response to IFN-u/f and heterotri-
merize with IRF-9. These are then translocated into the
nucleus to initiate gene transcription by binding to IFN-sti-
mulated response elements (ISREs).

The suppressor of cytokine signalling (SOCS) family,
which consists of SOCS-1 to 7 and CIS, has been
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implicated in the negative feedback regulation of the JAK-
STAT pathway, which is induced by cytokine signalling
[9]. SOCS-1, also referred to as the STAT-induced STAT
inhibitor (SSI-1) or the JAK-binding protein (JAB), was
first identified by its ability to inhibit the differentiation of
macrophages in M1 cells in response to interleukin-6
(I-6) [10- 12]. It has been reported that the levels of
several cytokines, including IL-6, IFN-y and tumour
necrosis factor (INF)-« are elevated in patients with CHC
[13- 17]. A low responder rate to IFN therapy has been
reported in patients with high serum I1-6 levels [14]. It
has been shown that IFN-y induces SOCS-1 and IL-6
induces SOCS-3 in the mouse liver [18]. The induction of
SOCS-3 and the SH2-containing protein tyrosine phos-
phatase 2 (SHP2) by TNF-o has recently been reported
[19]. It was also recently reported that the HCV core
protein may impair IFN-o-induced signal transduction via
the induction of SOCS-3 expression [20]. Therefore, SOCS-
1 and -3 may regulate IFN signalling in the livers of CHC
subjects.

The objective of this study was to examine the expres-
sion levels of SOCS-1 and -3 gene in the livers of CHC
patients and to clarify their relationship with the clinical
outcome of IFN therapy by means of a prospective cohort
study.

MATERIALS AND METHODS

Cells culture and transfections

PLC/PRF/5 human hepatoma cells (American Type Culture
Collection, Rockville, MD, USA) were maintained in DMEM
(Sigma, St Louis, MO, USA) containing 10% foetal bovine
serum (FBS) (Trace Scientific Ltd, Melbourne, Australia) at
37 °C in 5% CO, and 95% air. The mouse SOCS-1 cDNA, a
gift from Dr M. Narazaki (Department of Molecular Medicine,
Grad. School of Med., Osaka University) [21] was ligated into
pcDNA3 (Invitrogen, Groningen, the Netherlands) digested
with BamHI/Agel generating pSOCS-1-pcDNA3. PLC/PRF/5
cells were transfected with pSOCS-1-pcDNA3 using Fu-
GENE™¢6 (Roche, Mannheim, Germany) according to the
manufacturer's protocol and SOCS-1-expressing colonies
were selected by 800 pg/mL G418 (Nacalai Tesque, Inc.
Kyoto, Japan). Transfection with pcDNA3 alone generated
mock transfectants.

Reagent and antibodies

A murine anti-mouse SOCS-1 monoclonal antibody, raised
against the oligopeptide, THFRTFRSHSD, was provided by Dr
M. Narazaki [21]. A mouse monoclonal antibody raised
against human phosphotyrosine-STAT-1 (Tyr"®) (sc-8394)
was purchased from Santa Cruz Biotechnology, Inc. (Santa
Cruz, CA, USA). The recombinant human IFN-a was pur-
chased from Pepro Tech Ec Ltd (London, UK).
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Quantitative reverse transcription-polymerase chain
reaction (RT-PCR) assay

Biopsied liver specimens, obtained prior to IFN treatment,
from 21 patients (14 males and seven females) with CHC
were each divided into two blocks: one was frozen for use in
RNA extraction and the other was used for a histological
analysis. Histologically, normal liver tissues from eight pa-
tients with gall stones, colon cancer and metastatic liver
tumour served as controls. Written informed consent was
obtained from all patients prior to the study. For analysing
SOCS-1 and -3 expression in the liver tissues, total RNAs
were isolated using the Trizol® reagent. First-strand cDNAs
generated by a reverse transcription kit (Applied Biosystems,
Foster City, CA, USA) were amplified with HotstarTag DNA
polymerase (Qiagen, Hilden, Germany) for SOCS-1 or Tag
DNA polymerase (Applied Biosystems) for SOCS-3. The spe-
cific sets of primers for SOCS-1 were 5-CGC CAG CGC CGC
GTG CGG CC-3’ and 5’-CTG CGG CCT CGT CTC CAG CC-3’,
and for SOCS-3 were 5-AGC CTG CGC CTC AAG ACC-3’ and
5-GGA GGG TTC AGT AGG TGG-3" [20]. The PCR protocol
for SOCS-1 consisted of 35 cycles and one cycle was com-
posed of 94 °C/30 s, 68 °C/3 min with an initial denatura-
tion of the sample cDNA at 94 °C for 1 min prior to PCR.
The PCR procedure for SOCS-3 consisted of 21 cycles and
one cycle was composed of 94 °C/30 s, 60 °C/30s, 70 °C
for 1 min with an initial denaturation of the sample cDNA at
94 °C for 1 min before PCR. The PCR products were stained
with SYBR® Green I (BioWhittaker Molecular Applications,
Rockland, ME, USA) and analysed as described [22—- 24].
PCR products were quantitated to confirm that they were in
the linear range of amplification. Amplification of the
housekeeping gene, f-actin served as an internal control.

Immunoprecipitation and Western blotting analysis

Immunoprecipitation and Western blotting with anti-STAT-
1 or antiphosphotyrosine-STAT-1 was performed as des-
cribed [25, 26]. Cells were stimulated with IFN-o for 10 min
at 37 °C after they were serum starved overnight to avoid
the effects of various cytokines included in the serum [27].

Northern blot analysis

A Northern blot analysis of 2’-5"-oligoadenylate synthetase
(27-5’-0AS), double-stranded RNA-dependent kinase (PKR)
was performed as described [28] after stimulating overnight
serum-starved cells with TFN-o for 24 h at 37 °C [29]. The
2/-5"-0AS cDNA fragment used as the probe was kindly
provided by Dr N. Kato (Department Mol. Biol. Grad. School
of Med. and Dent.Okayama University) [30]. The PKR and
SOCS-1 probes were obtained by reverse transcription-po-
lymerase chain reaction (RT-PCR) with the specific sets of
primers [31]. The primers for SOCS-1 were the same as those
described above.

© 2005 Blackwell Publishing Ltd, Journal of Viral Hepatitis, 12, 130-138

— 383 —



132 K. Imanaka et al.

Prospective cohort study

From June 1996 to December 1997, 77 patients with sero-
logically and histologically proven CHC (Table 1) were
consecutively registered by the Kansai Viral Hepatitis Re-
search Group and treated with 10 MIU IFN a-2b (Intron A;
Schering-Plough, Kenilworth, NJ, USA) daily for 4 weeks,
followed by three treatments per week for 20 weeks [32,
33]. No patient had received IFN therapy before being en-
rolled in the study. Contraindications to IFN treatment
included pregnancy, the presence of hepatitis B surface
antigen and other types of liver disease, autoimmune disease
and any other serious illness. Liver biopsies were performed
at least 2 months before IFN treatment. The histological
classification was conducted according to the European
classification of chronic hepatitis [34]. The Histological
Activity Index (HAI) score [35] was evaluated by two inde-
pendent pathologists with no knowledge of the patients. The
amount of baseline HCV-RNA was assessed by RT-nested
competitive PCR with a lower sensitivity of 100 copies/mL
(Otsuka Assay Laboratories, Diagnostic Division, Otsuka
Pharmaceutical Co., Ltd, Tokyo, Japan). Virological response
in the prospective trials was assessed by a combined RT-PCR
assay with a lower sensitivity of 100 copies/mL (Amplicor
HCV; Roche Molecular Systems, Inc., Alameda, CA, USA).
Patients with a negative serum HCV-RNA at 24 weeks after
the completion of IFN therapy were defined as having a SVR
and others were classified as having a nonresponse (NR).

Immunohistochemistry
Formalin-fixed paraffin-embedded liver tissue specimens

were used. Antigen retrieval was performed by microwaving

Table 1 Pretreatment characteristics of patients

Male/female 43/34
Age (years; mean *+ SD) 48.7 £ 11.5
HCV genotype

1b 49

2a 15

2b 11

2a+ 2b 1

2 1
Histology

CAHIB 1

CAH2A 54

CAH2B 21

CPH 1
HAI score (mean * SD) 9.9+ 39
HCV-RNA titre (10° copies/mL; mean + SD)  10.1 + 11.5
ALT level (U/L; mean * SD) 1024 + 74.4

CAH, chronic active hepatitis; CPH, chronic persistent
hepatitis.

for 5min at 90 °C using Dako target retrieval solution
(Dako, Carpinteria, CA, USA) [36]. The immunohistochem-
istry associated with anti-SOCS-1 was performed as des-
cribed previously [28]. For a negative control, the primary
antibody was replaced with non-immune normal mouse 1gG.

Computed image analysis assessment of immunostaining

To obtain an independent and objective evaluation of SOCS-1
expression, the intensity value of SOCS-1 immunostaining
was determined from light microscopic images (Provis AX
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Fig. 1 Expressions of SOCS-1 and -3 in the livers of CHC.
Total RNA was isolated from the livers of eight controls and
21 patients with CHC and then subjected to RT-PCR by
using primers specific for human SOCS-1 and -3 and elec-
trophoresed. PCR with f-actin primers served as an internal
standard. A quantitative densitometric analysis of PCR
products was carried out. The relative expression level of
SOCS-1 (a) and SOCS-3 (b) was expressed as a ratio of SOCS-
1 and -3 mRNA/f-actin mRNA normalized by the mean
value of the controls. The bars indicate mean + SD.
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80 equipped with a HDTV system and a colour-chilled three
charged coupling device camera; Olympus, Tokyo, Japan)
using an image analysis system (MacScope version 2.55;
Mitani, Fukui, Japan). Because of the triplicate nature of the
arrays, three values of the intensity were obtained from
every patient.

Statistical analysis

SOCS-1 and -3 transcripts were analysed by Mann—Whitney's
U-test with StatView software. SOCS-1 protein expression in
liver tissues was analysed using a chi-square test for inde-
pendence or Fisher's exact probability test. Univariate and
multivariate logistic regression analyses were performed with
StatView software (SAS Institute Inc., Cary, NC, USA) and SAS
software (SAS Institute Inc., Cary, NC, USA), respectively.

RESULTS

Expression of SOCS-1 and -3 in chronic liver disease
specimens by RT-PCR

We investigated the expression of SOCS-1 and -3 in liver
tissues from 21 patients with CHC and eight normal liver
tissues by means of quantitative RT-PCR analysis. SOCS-1
and -3 transcripts were detected in all the liver tissues
examined. The level of SOCS-1 expression was significantly
higher in CHC livers than in normal livers (P < 0.005)
(Fig. 1a). However, the level of SOCS-3 expression was

SOCS-1 expression in chronic hepatitis C 133

not significantly higher in CHC livers than in normal livers
(P = 0.31) (Fig. 1b).

Effect of SOCS-1 on STAT-1 phosphorylation induced by
IFN-o in PLC/PRF/5

To analyse the effect of SOCS-1 on TFN-¢-induced STAT-1
tyrosine phosphorylation and antiviral gene expression, we
established stable transfectants of SOCS-1 in the human
hepatoma cell line, PLC/PRF/5 which is frequently used in
experiments of IFN signalling transduction [30, 37]. In
addition, we confirmed that IFN-a-induced STAT-1 phos-
phorylation and antiviral gene expression was induced by
IFN in PLC/PRF/5. Two clones (denoted as 85 and S7 in
Fig. 2) with different expression levels of SOCS-1 mRNA
(PLC/PRE/5/S0OCS-1) were used in investigating the
involvement of SOCS-1 in IFN-« signalling. The SOCS-1
protein has been shown to inhibit JAK tyrosine kinase
activities and the phosphorylation of STAT-1 by directly
binding to JAKs. As the phosphorylation of STAT-1 at Tyr’01
is essential for IFN-« signalling by dimerizing and binding to
DNA, phosphorylation at this site in SOCS-1-expressing cells
was investigated by stimulation with IFN-o [38, 39].
Although IFN-u-induced STAT-1 phosphorylation in PLC/
PRF/5 parental and mock cells, IFN-g-induced STAT-1
phosphorylation was markedly absent in SOCS-1-expressing
cells (Fig. 2a): the extent of phosphorylation was slight in
low-expressing cells (clone S7 in Fig. 2) and completely
absent in high-expressing cells (clone S5 in Fig. 2). These

@ C
IFN-o (1000 U/ml) =
phospho-STAT-1 + :
STAT.] e e
Fig. 2 (a) Overexpression of SOCS-1 SOCS-1

markedly attenuated the STAT-1

phosphorylation. STAT-1 was phos-

phorylated when IFN-o (1000 U/mLj} is (b)
present in parental and mock cells.
However, it was completely or mark-
edly inhibited in SOCS-1-transfected
cells S5 and S7 respectively. (b) Nor-
thern blot analysis of IFN-inducible
antiviral genes. 2’-5-0AS and PKR
gene expression induced by IFN-u
(200 U/mL) was completely (85) or
markedly (8§7) inhibited in the SOCS-1-
overexpressing cells. GAPDH served as
a control. C, parental cells; M, mock
cells; S5 and S7, stable transfectants
highly and moderately expressing
SOCS-1, respectively.

2'-5'-0AS

SOCS-1

GAPDH
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results indicate that SOCS-1 may negatively regulate IFN-o-
induced JAK-STAT signalling in the liver.

Effect of SOCS-1 on IFN-a-induced antiviral gene
expression in PLC/PRF/5

Interferon-a has been shown to elicit antiviral effects by
inducing 2’-5-0AS, PKR and MxA proteins through the
activation of JAK/STAT signalling [37, 38]. 2-5"-OAS and
PKR mRNA expression was induced by IFN-« in parental
and mock cells. However, in SOCS-1-expressing cells, the
induced expressions of these proteins by IFN-¢ were mark-
edly attenuated (Fig. 2b) in comparison with the levels of
SOCS-1 expressed. These results suggest that SOCS-1 is
capable of attenuating IFN-a-induced antiviral effects.

Relationship between SOCS-1 expression in the liver
specimens of chronic hepatitis C and clinical outcome

To analyse the influence of SOCS-1 expression on IFN ther-
apy, a prospective cohort study was initiated on SOCS-1
expression and clinical outcome. From June 1996 to
December 1997, 77 patients (male 43 and female 34)
completed IFN therapy. Profiles of those patients are shown
in Table 1; 49 (63.6%) patients were of genotype 1b and 28
(36.4%) of genotype 2. Most patients had active hepatitis
with a mean HAI score of 9.9. Based on the intensity of
SOCS-1 expression by the automatic imaging analysis, we
classified those patients into two groups: high-expression
group (above 3 million pixel) with 61 patients; and low-
expression group (below 3 million pixel) with 16 patients
(Fig. 3). The SOCS-1 protein was expressed in the cytoplasm
and hepatocyte membranes in the livers of CHC in a diffuse
manner. Between these two groups, patient backgrounds
were compared with analyse the factors contributing to
SOCS-1 expression in the liver (Table 2). As a result, the
SOCS-1-high group had a significantly lower rate of SVR to
IFN therapy (P = 0.0014) and a significantly higher HCV-
RNA titre (P = 0.015) than the SOCS-1-low group. A uni-
variate logistic regression analysis was next performed to
investigate factors contributing to responsiveness to IFN
treatment (Table 3). Not only the HCV genotype (OR, 7.708;
95% CI, 2.705-21.964; P = 0.0001) and HCV-RNA titre
(OR, 13.179; 95% CI, 3.807-45.624; P < 0.0001), but
SOCS-1 expression was also found to be a significant pre-
dictor for SVR to IFN (OR, 6.150; 95% CI, 1.759-21.500;
P = 0.004) (Table 3). There was no significant difference in
the total IFN dose between patients who had SVR and pa-
tients who were nonresponsive (806 + 119 s
806 £ 144 MIU; P = 0.234). A multivariate analysis with
stepwise logistic regression identified the gender (OR, 6.072;
95% CI, 1.176-31.353; P = 0.031), the HCV genotype (OR,
25.952; 95% CI, 4.315-156.098; P < 0.0005) and the
HCV-RNA titre (OR, 27.810; 95% CI, 4.830-160.126;
P < 0.0005) as independent factors contributing to SVR to

IFN, in agreement with previously published reports [6]. In
addition, patients with low SOCS-1 expression in the liver
also tended to have SVR to IFN, but it was not statistically
significant (OR, 4.730; 95% CI, 0.852-26.265; P = 0.076)
(Table 4). Among the host factors including age, gender,
degree of fibrosis, baseline alanine aminotransferase (ALT)
level and SOCS-1 expression, the multivariate analysis
demonstrated that a negative SOCS-1 expression was the
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Fig. 3 (a) Computed image analysis assessment of immuno-
staining. Based on the automatic imaging analysis, SOCS-1
expression was grouped into two groups: low intensity

of expression (below 3 million pixel) with 16 patients; high
intensity of expression (above 3 million pixel) with

61 patients. (b) Representative immunohistochemical
staining of SOCS-1 in the livers of chronic hepatitis C
patients. (a, c) Representative case of SOCS-1 high intensity
of expression was 4.2 million pixel. (b, d) Representative
case of SOCS-1 low intensity of expression was 1.9 million
pixel. Original magnification; (a, b) x40 and (c, d) x200. For
a negative control, the primary antibody was replaced with
nonimmune normal mouse IgG.
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Table 2 Clinical characteristics of

patients expressing SQOCS-1 SOCS-1 expression

Parameter High (n = 61) Low (n = 16) P-value
Male/female 34/27 9/7 NS
Age (years; mean t+ SD) 49.8 £ 10.7 44.6 £ 13.7 NS*
HCV genotype
1b 40 9
Others 21 7 NS
Histology
CAHI1B 1 0
CAH2A 41 13 NS
CAH2B 18 3
CPH 1 -0
HAI score (mean * SD) 10.0 £ 3.8 9.4+ 43 NS*
HCV-RNA titre 11.5+12.1 4.7 £ 6.9 0.015*
(10° copies/mL; mean + SD)
Baseline ALT level 105.5 = 79.7 90.5 £ 49.5 NS*
(U/L; mean * SD)
Week 24 ALT level 47.7 + 45.5 29.9 £ 359 NS*
(U/L; mean * SD)
Week 48 ALT level 45.5 £ 34.3 36.4 + 35.7 NS*
(U/L; mean * SD)
SVR/NR 18/43 12/4 0.0014**

SVR, sustained virological response; NR, nonresponse.
P-value was calculated by chi-square test for independence.
*Mann-Whitney's U-test; **Fisher’s exact probability test.

sole significant predictor for SVR to IFN (OR, 7.472; 95% Cl,
1.934-28.878; P = 0.004) (Tabie 5). Further multivariate
analysis showed that a higher HCV-RNA titre (>10°) was
the only significant factor contributing to SOCS-1 expression
in the liver (OR, 5.399; 95% CI, 1.489-19.584; P = 0.010).

DISCUSSION

Hepatitis C virus genotypes and viral loads have been shown
to be the most important predictive factors for responsive-
ness to IFN therapy. Mutations in the nonstructural 5A
(NS5A) protein and hypervariable regions in the HCV have
also been reported as contributing factors to IFN respon-
siveness [40, 41]. In contrast to these viral indicators, very
little is known concerning host factors that contribute to IFN
responsiveness. The stage and duration of the disease have
also been reported to influence responsiveness. Recently,
several reports [13— 19] have suggested that SOCS-1 and
SOCS-3 in the livers of CHC patients may regulate IFN sig-
nalling. The findings herein demonstrate that SOCS-1 mRNA
in the livers of CHC patients is expressed at higher levels
compared to controls and that the SVR rate was significantly
lower in SOCS-1-positive patients compared with SOCS-1-
negative patients, as estimated by immunohistochemical
observation. Univariate analysis showed that the positive
SOCS-1 staining in the liver represents a significant predictor

of IFN responsiveness, in addition to HCV genotype and
HCV-RNA titre. These results suggest that patients who are
positive for SOCS-1 staining in the liver may be resistant to
IEN therapy. The multivariate analysis performed with host
factors in which a positive presence of SOCS-1 in the liver
was the only significant host factor contributing to IFN
responsiveness, supports this view.

As the SOCS family functions as a negative regulator for
JAK-STAT signalling, it is possible that SOCS-1 expression
may inhibit JAK-STAT signalling downstream from IFN-o/f8
receptors. Recently, the inhibition of [FN-«/f as well as [FN-y
signalling by SOCS-1 was reported in myelogenous leukae-
mia cells. JAK1 and Tyk2 phosphorylation induced by IFN-§
was suppressed in SOCS-1-overexpressing cells. In addition,
the phosphorylation of JAK1, Tyk2 and STAT-1, induced by
IFN-0, was inhibited in IFN-g-resistant Daudi cells that
overexpressed SOCS-1 [42]. Our findings show that STAT-1
phosphorylation induced by IFN-o was clearly inhibited by
SOCS-1 overexpression in a dose-dependent manner by using
two hepatoma clones expressing different levels of SOCS-1
are consistent with those findings. The inhibition of IFN
signalling by SOCS-1 was further confirmed by investigating
the transcriptional products of 2’-5-OAS and PKR that are
induced by IFN-o to elicit antiviral effects; the gene expres-
sion of 2’-5-0AS and PKR was suppressed in SOCS-
1-transfected cells in a dose-dependent manner. These results
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Table 3 Univariate analysis of factors contributing to SVR

Table 4 Multivariate analysis of factors contributing to SVR

Parameter n OR 95% CI P-value Parameter n OR 95% CI P-value
Gender Gender
Female 34 1 Female 34 1
Male 43 1.996  0.784-5.083 0.147 Male 43 6.072  1.176-31.353 0.031
Age (years) HCV genotype
50< 41 1 1b 49 1
<50 36 1.929 0.770-4.832 0.161 Others 28 25952  4.315-156.098 <0.0005
HCV genotype HAI (IV)
1b 49 1 3-4 59 1
Others 28 7.708  2.705-21.964 0.0001 1-2 18 3.858 0.691-21.541 0.124
HAI (I + IT + T HCV-RNA titre (10° copies/mL)
9-18 39 1 10%< 55 1
4-8 26 2437  0.699-8.500 0.162 <10° 22 27.810 4.830-160.126  <0.0005
1-3 12 1.950 0.545-6.975 0.304 Baseline ALT level (U/L)
HAI (1V) <70 35 1
3-4 18 1 70< 42 4.129 0.805-21.168 0.089
1-2 59 2.194 0.694-6.940 0.181 SOCS-1 expression
HCV-RNA titre (10° copies/mL) High 61 1
10%< 55 1 Low 16 4.730  0.852-26.265 0.076
<10° 22 13179  3.807-45.624  <0.0001
Baseline ALT level (U/L) Multivariate logistic regression. Wald chi-squared P-value
<70 35 1 was calculated.
70< 42 1.398  0.559-3.495 0.474
SOCS—I expression Table 5 Multivariate analysis of host factors contributing to
High 61 1 SVR
Low 16 6.150  1.759-21.500 0.004

Univariate logistic regression. Wald chi-squared P-value was
calculated.

suggest that SOCS-1 expression in the liver may lead to
resistance to IFN therapy via the inhibition of IFN signalling,

The mechanism by which SOCS-1 is overexpressed in the
livers of CHC is unknown. As mentioned above, the staining
of SOCS-1 in the liver was the only significant host factor
contributing to IFN responsiveness, as evidenced by a mul-
tivariate analysis performed with host factors. However,
another multivariate analysis performed with factors that
included viral indicators revealed that the staining of SOCS-1
in the liver could no longer be considered an independent
predictor of IFN responsiveness. As the SOCS-1-high patients
had a significantly higher HCV-RNA titre than SOCS-1 low
patients (P < 0.015), SOCS-1-expression in the liver may be
HCV-dependent. It was recently reported that the HCV core
protein may impair [FN-a-induced signal transduction via
the induction of SOCS-3 expression [20]. Therefore, it is
possible that the HCV core protein may induce SOCS-1 as
well as SOCS-3, leading to the inhibition of IFN-« signalling.
An alternative possibility is that elevated SOCS-1 expression
negatively regulates intrinsic IFN signalling, which may
cause a higher HCV-RNA titre in the pretreatment charac-
teristics of IFN-resistant patients, These results indicate that
the cytokine-induced SOCS family may negatively regulate

Parameter n OR 95% CI P-value
Age (years)

50< 41 1

<50 36 1.533 0.485-4.842 0.466
Gender

Male 34 1

Female 43 2.128 0.697-6.493 0.185
HAI (I + II + D)

1-3 12 1

4-8 26 1.455 0.276-7.674 0.556

9-18 39 2.117 0.380-11.788 0.392
HAI (IV)

3-4 18 1

1-2 59 2.714 0.616-11.960 0.187
Baseline ALT level (U/L)

<70 35 1

70< 42 1.336 0.452-3.953 0.601
SOCS-1 expression

High 61 1

Low 16 7.472 1.934-28.878 0.004

Multivariate logistic regression. Wald chi-squared P-value
was calculated.

IFN signalling, thus leading to IFN resistance and that anti-
cytokine or anti-SOCS family therapies may represent addi-
tional options for patients resistant to IFN therapy.
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In conclusion, the expression of SOCS-1, a negative
regulator for JAK-STAT signalling, is enhanced in the livers
of CHC patients and might be involved in their resistance to
IFN therapy.
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