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Abstract
Background/Aims—The response rates of HCV infection to interferon therapy vary depending
on viral and host factors. We hypothesized that key regulators of the IFN signaling pathway are
predictive of treatment outcome.

Methods—We measured the expression of signal transducer and activator of transcription 1
(STAT1) and suppressor of cytokine signaling 3 (SOCS3) in pretreatment liver biopsies. Staining
quantitation was compared to treatment outcomes.

Results—Forty-nine patients with HCV and 25 patients with HCV/HIV infection treated with
peginterferon/ribavirin were analyzed. Pretreatment hepatic SOCS3 expression was higher in non-
responders than responders. Genotype 1 responders had similar levels of SOCS3 as genotype 2/3
responders. African Americans (AA) had higher hepatic SOCS3 than non-AA. Pretreatment
hepatic SOCS3 was the most powerful independent predictor of sustained virologic response
(SVR), even more so than genotype by logistic regression analysis. Failure to achieve SVR and
AA race were independently associated with high hepatic SOCS3 levels. The hepatic expression
of STAT-1 did not differ between responders and non-responders.

Conclusions—Our data indicate that hepatic SOCS3 is a stronger baseline predictor of antiviral
response than viral genotype. Poor response to antiviral therapy in AA may be associated with
higher hepatic SOCS3 expression.
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1. Introduction
Hepatitis C virus (HCV) infection is a major cause of chronic liver disease, affecting 170
million persons world-wide, and can lead to serious outcomes such as end-stage liver
disease and hepatocellular carcinoma [1]. The most effective current treatment for chronic
hepatitis C is the combination of peginterferon (PEG-IFN) and ribavirin (RBV) [2], but this
regimen is expensive, has substantial side effects, and variable efficacy depending on viral
and host factors. Genotype 1, high viral load, older age, obesity, and advanced hepatic
fibrosis are associated with diminished treatment response [3,4], but there is no single
reliable pretreatment predictor of virologic response. Serum HCV RNA measurements at 4
and 12 weeks of antiviral therapy appear to be the current best predictor of treatment
response but cannot be determined prior to treatment initiation [3,5]. Therefore, it is
essential to identify accurate pretreatment predictors for treatment outcome in patients with
chronic hepatitis C.

The molecular mechanisms of poor or variable response to IFN-based therapy have been
explored. It is likely that both viral and host factors influence the response to HCV
treatment. There is now abundant evidence that several HCV proteins interfere with host
IFN signaling. For example, HCV polyprotein expression in replicon cell culture models is
associated with a decrease in 2′–5′oligoadenylate synthetase, MxA and signal transducer and
activator of transcription 1 (STAT1) [6–9]. Suppressor of cytokine signaling 3 (SOCS3),
which is thought to antagonize IFN signaling by interfering with Jak-STAT signaling at the
level of STAT1 phosphorylation, is increased by HCV core protein overexpression in cell
culture [10] and is associated with treatment outcome in in vivo studies [11,12].

In this context, we hypothesized that key regulators of the IFN signaling pathway would be
predictive of treatment outcome. We measured the hepatic protein expression of STAT1 and
SOCS3, each of which plays a key role in IFN signaling and is known to be altered in HCV
infection, and correlated their expression with treatment outcome.

2. Materials and methods
2.1. Patients

Two groups of patients were analyzed. The first group was composed of patients with
chronic hepatitis C infection who had been treated with PEG-IFN-based regimens at a single
center between 2002 and 2005. Subjects were included in the current study if they fulfilled
the following criteria: (a) chronic HCV with detectable circulating HCV RNA, (b) a
pretreatment liver biopsy consistent with chronic viral hepatitis, (c) compensated liver
disease, and (d) treatment with the combination of PEG-IFN-α and RBV for at least 12
weeks. Patients with other forms of chronic liver disease or antibodies to human
immunodeficiency virus (HIV) were excluded from this group. Clinical and laboratory data
were collected from the medical records at the time of treatment and/or liver biopsy. The
study protocol was approved by the MGH Institutional Review Board.

The second group consisted of chronic hepatitis C patients coinfected with HIV who were
enrolled in the Adult AIDS Clinical Trials Group A5071. A5071 was a prospective,
randomized, phase II/III trial evaluating the efficacy of PEG-IFN plus RBV in HCV/HIV-
coinfected individuals with stable HIV disease who had not previously been treated. The
study has previously been described in detail [13].

2.2. Laboratory data
HCV genotyping was performed with the use of a line-probe assay (LiPA, Innogenetics)
before treatment. HCV RNA was quantified by using the Amplicor Monitor HCV assay
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(Roche Molecular Diagnostics, Branchburg, New Jersey), which has a detection limit of 600
IU/mL. Sustained virologic response (SVR) was defined as undetectable HCV RNA by the
Roche Amplicor 2.0 assay (lower limit of detection 60 IU/mL) 24 weeks after the
completion of treatment. Patients who did not achieve SVR were classified as non-
responders.

2.3. Histological examination
Liver biopsy sections were reviewed by a single hepatopathologist (AKB) who was blinded
to the laboratory parameters and clinical data. The grade of inflammation and the stage of
fibrosis were scored according to the method of Ishak et al. [14].

Steatosis was assessed semiquantitatively by scoring the proportion of hepatocytes affected
in the whole sample, as follows: 0 = none; 1 = minimal (up to 5% hepatocytes containing
fat); 2 = mild, (>5%, and ≤33%); 3 = moderate (>33%, and ≤66%); and 4 = severe (>66%).

2.4. Immunohistochemistry
Liver sections (4 μm) were cut from paraffin blocks. Sections were deparaffinized with three
dips of xylene and rehydrated in decreasing concentrations of ethanol. Slides were heated in
a microwave for 20 min in 10 mM sodium citrate buffer (pH 6) for antigen retrieval and
allowed to cool for 40 min. Endogenous peroxidase activity was blocked by incubation in
3% hydrogen peroxide for 20 min. Nonspecific binding was blocked by applying 10% goat
serum (Invitrogen, Carlsbad, CA) for 1 h. Sections were incubated with monoclonal mouse
anti-STAT1 antibody (Cell Signaling Technology, Beverly, MA; dilution 1:100) and
polyclonal rabbit anti-SOCS3 antibody (Santa Cruz Biotechnology, Santa Cruz, CA;
dilution 1:100) in humid chambers overnight at 4 °C. After three washes in PBS,
peroxidase-conjugated secondary antibody and DAB substrate (Dako, Carpinteria, CA) were
applied for 30 and 3 min, respectively at room temperature. Sections were counterstained
with methyl green (Dako), dehydrated and coverslipped. Negative control sections were
incubated either with nonimmune serum or without any primary antibody. To demonstrate
IFN inducibility of STAT1, Huh7 cells treated with 100 IU interferon α-2a for 24 h were
used as a positive control.

Sections were examined with a Nikon Eclipse 50i microscope (Nikon, Melville, NY) and
photographed using a Nikon DS-Fi1 camera (Nikon) and software (NIS-Elements F version
2.30; Nikon). Five to twenty non-overlapping random high power fields were photographed
per section at a magnification of 400×. Identical imaging conditions, including illumination
intensity and camera exposure time, were applied to all photographs. All images were
analyzed with Image J software (available at http://rsb.info.nih.gov/ij). DAB-stained areas
were selected using the Image J thresholding tool followed by conversion to a binary image.
Thresholding conditions were set identically for all images. The percent positive area was
defined as the ratio of the selected DAB-positive pixels to the total number of pixels within
a defined area of interest.

Each step of immunohistochemistry and image processing was performed blinded to the
clinical data.

2.5. Statistical analysis
Statistical analyses were performed using non-parametric methods (Mann-Whitney U,
Kruskal–Wallis, and χ2 tests). Correlation was assessed by Pearson’s correlation
coefficients. All p values were two-tailed and were considered significant if the associated
value was less than 0.05. For multivariate analysis, two-way ANOVA was performed
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between response status, genotype, race, and infection/coinfection status to determine which
variables independently associated with hepatic SOCS3 staining and with SVR.

3. Results
3.1. Patient characteristics

A total of 49 patients with HCV monoinfection and 22 with HCV/HIV coinfection were
divided into responders and non-responders depending on the outcome of PEG-IFN and
RBV therapy (Tables 1 and 2). Responders were defined as those achieving sustained
virologic response (undetectable HCV RNA at 24 weeks after completion of therapy). Non-
responders were defined as failure to clear HCV RNA despite a minimum of 12 weeks of
PEG-IFN and RBV therapy. Age, gender, race, ALT, histologic grade, and steatosis score
did not differ significantly between responders and non-responders both in patients with
HCV monoinfection and HIV/HCV coinfection. Genotype 1 was more common in non-
responders compared with responders. Non-responders had higher serum HCV RNA levels,
and more advanced fibrosis in patients with HCV monoinfection, but not in patients with
HCV/HIV coinfection.

3.2. Hepatic SOCS3 expression was higher in nonresponders than responders
For all patients, SOCS3 staining within hepatocytes was diffusely cytoplasmic (Fig. 1A–C).
In HCV monoinfection, non-responders exhibited significantly higher pretreatment hepatic
SOCS3 expression compared with responders in patients with HCV monoinfection (21.6% ±
2.7 vs. 10% ± 1.3, p < 0.001) (Fig. 2A and B). Among patients with HCV genotype 1
infection, non-responders again had increased SOCS3 expression compared with responders
(23.0% ± 2.9 vs. 12.6% ± 1.8, p < 0.05) (Fig. 2C). Patients with genotype 1 infection
showed greater SOCS3 expression than those with genotype 2 or 3 (17.2% ± 1.9 vs. 7.7% ±
1.9, p < 0.005) (Fig. 2D). However, among responders, there was no significant difference in
SOCS3 expression between genotypes 1 and 2/3 (11.7 ± 1.8 vs. 7.4 ± 1.4, p = 0.124) (Fig.
2C).

None of the clinical, virological or pathological factors listed in Table 1 other than viral
genotype were significantly associated with hepatic SOCS3 expression in patients with HCV
monoinfection.

For patients with HCV/HIV coinfection, SOCS3 expression was also increased in non-
responders compared to responders (21.6% ± 3.2 vs. 10.5% ± 3.7, p < 0.05) (Fig. 3A).
Patients with genotype 1/4 infection tended to have higher SOCS3 expression than those
harboring genotype 2 or 3 infection (19.7% ± 3.0 vs. 10.1% ± 2.3, p = 0.097); however,
among responders, there was again no significant difference in SOCS3 expression between
genotypes 1 and 2/3 (11.5 ± 4.6 vs. 9.2 ± 2.5, p = 0.762) (data not shown). Logistic
regression analysis of the overall group revealed that pretreatment hepatic SOCS3
expression was the most powerful independent predictor of SVR (p = 0.002), even more so
than genotype (p = 0.056).

In patients with HCV/HIV coinfection, SOCS3 expression was higher in African Americans
(AA) compared to non-AA (25.4 ± 4.4 vs. 12.2 ± 2.1, p = 0.017) (Fig. 3B). Similarly, for all
patients, SOCS3 expression was higher in AA compared with non-AA (23.2 ± 3.5 vs. 13.5 ±
1.3, p = 0.003). There were too few AA patients in the HCV monoinfected group (n = 4) to
assess for meaningful differences in SOCS3 expression.

Using two-way ANOVA analysis, responder status was independently associated with
increased SOCS3 staining (p < 0.0001). AA race was also significantly associated with
elevated SOCS3 staining, even after adjustment for responder status (p = 0.05).
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In separate control studies on independently collected fresh liver tissue, we confirmed that
staining of SOCS3 correlated with tissue levels of protein by Western blot (data not shown),
supporting the ability of staining to quantitate SOCS3 levels.

3.3. Hepatic STAT1 expression is similar between responders and non-responders
As with SOCS3, STAT1 staining was diffusely cytoplasmic (Fig. 4A). There was no
difference in pretreatment hepatic STAT1 expression between responders and non-
responders (Fig. 4A–C and E), in patients with HCV monoinfection (Fig. 4E) and HCV–
HIV coinfection (data not shown). Hepatic STAT1 levels did not correlate with serum HCV
RNA levels, viral genotype, histologic activity or fibrosis stage. Phospho-STAT1
immunoreactivity was not observed in any of the samples (data not shown), likely because
they were obtained prior to the administration of IFN, a potent stimulus for STAT1
phosphorylation.

4. Discussion
IFN-based therapy is the only effective treatment for chronic hepatitis C at present, but
produces variable outcomes depending on host and viral factors. Considering its cost and
side effects, it would be extremely useful to be able to predict treatment outcome prior to the
initiation of treatment. In addition, identifying factors that influence treatment outcome
would be helpful in elucidating the mechanism of action and resistance to IFN in HCV
infection. We therefore investigated the hepatic expression of STAT1 and SOCS3, proteins
known to play key roles in IFN signaling and/or action and known to be altered in HCV
infection, and correlated their expression with treatment outcome.

SOCS3 is a member of the suppressors of cytokine signaling family and is thought to
interfere with intracellular IFN signaling by directly inhibiting JAK tyrosine kinase activity
[15]. Studies in cell culture models have suggested a role for SOCS3 in HCV IFN resistance.
First, HCV core protein overexpression has been reported to induce SOCS3 in cell culture
models, resulting in impaired IFN signaling [10]. Second, HCV replicon cells resistant to
IFN therapy have been shown to produce higher levels of SOCS3; silencing of SOCS3 in
these resistant cells partially restored IFN sensitivity [16]. Furthermore, several in vivo
studies have shown that hepatic SOCS3 expression is associated with response to IFN
treatment. One study showed that high pretreatment hepatic SOCS3 mRNA and protein
expression was associated with non-response to IFN therapy and obesity [11]. A second
study also showed that SOCS3 mRNA expression in peripheral lymphocytes was higher in
non-responders than responders [16]. In contrast, a third study reported that pretreatment
hepatic SOCS3 mRNA expression was higher in responders than non-responders, but fell
significantly more in response to IFN therapy in responders compared to non-responders
[12]. Finally, a genetic polymorphism in the SOCS3 gene was reported to influence the level
of SOCS3 expression and interferon treatment outcome in chronic hepatitis C [17].

Our study has the advantage of measuring SOCS3 protein, which is a more direct readout of
SOCS3 activity than mRNA levels. In this study, we show that nonresponse to PEG-IFN-
based therapy is associated with a significantly higher pretreatment hepatic SOCS3
expression in patients with chronic hepatitis C, which is consistent with the majority of
previous studies. Moreover, we investigated SOCS3 expression in patients with HCV/HIV
coinfection, and found results similar to those seen in HCV monoinfection. SOCS3
expression was significantly higher in genotype 1 than genotype 2/3 infections, but when
compared only among responders, there was no difference in SOCS3 expression between
genotypes. These data suggest that elevated pretreatment hepatic SOCS3 expression can
explain the higher rate of IFN non-response in patients with genotype 1 infection, and can
potentially distinguish future responders from non-responders, even within unfavorable

Kim et al. Page 5

J Hepatol. Author manuscript; available in PMC 2011 July 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



treatment groups. Ours is the first study to identify a possible basis for increased rates of
non-response in genotype 1 infection. We found that SOCS3 expression between genotype
2,3 responders and non-responders was not significantly different. However, it should be
cautioned that there were only two genotype 2,3 non-responders. Further study is therefore
needed in larger numbers of genotype 2,3 patients to determine whether SOCS3 levels are
predictive of outcome.

Another remarkable finding of our study is that African Americans had higher pretreatment
hepatic SOCS3 expression than Caucasians or Hispanics in patients with HCV/HIV
coinfection, independent of response status. This finding may help to explain why African
Americans exhibit consistently poor responses to IFN-based therapy for chronic hepatitis C.
It suggests that an intrinsic impairment of IFN responsiveness underlies the poor kinetic
responses to IFN-based therapies observed in this group. Whether increased SOCS3 levels
themselves are the driving force for limited responsiveness or rather reflect a compensatory
response to a primary block elsewhere in the IFN pathway is not known. As SOCS3 can be
induced by IFN-α [18], higher SOCS3 expression may reflect preactivation of the
endogenous IFN system. Indeed, several studies have shown that non-responders exhibit
higher pretreatment levels of interferon-stimulated genes than responders [19,20]. Further
confirmation of this observation in larger populations and additional mechanistic exploration
are warranted.

STAT1 is a key molecule mediating type I IFN signal transduction against HCV. HCV core
protein decreases STAT1 levels in cell culture models, which is thought to be one
mechanism of IFN resistance mediated by hepatitis C [9]. However, pretreatment hepatic
STAT 1 was reported to be higher in non-responders than responders in chronic hepatitis C
in vivo [20]. In this study, we showed that treatment outcome was not associated with
pretreatment hepatic STAT1 protein expression. In addition, pretreatment hepatic STAT1
expression was not correlated with serum HCV RNA levels (data not shown), which has
been suggested by others to correlate with the hepatic HCV RNA level [21].

Our study is limited by its retrospective design and the relatively small number of samples
studied. However, in examining two distinct patient populations, HCV monoinfection and
HCV/HIV coinfection, we observed strikingly concordant results, supporting the reliability
of the finding.

This study is the first report to show that hepatic SOCS3 levels differ between responders
and nonresponders with HCV/HIV coinfection and has more discriminatory value than
genotype itself. While there is overlap between responder and non-responder groups (Fig.
2B), it will be of interest to determine in future studies whether there is a quantifiable
threshold that clearly predicts non-response. Irrespective of its utility as a clinical tool, these
findings provide biological insight into the driving forces for non-response.

In summary, pretreatment hepatic SOCS3 protein levels are correlated with outcomes of
interferon-based treatment in patients with chronic HCV monoinfection and HCV/HIV
coinfection. The finding that SOCS3 levels were comparable among responders irrespective
of genotype suggests that SOCS3 can be a more powerful pretreatment predictor of response
than genotype. Higher hepatic SOCS3 expression in AA may be an explanation for poor
response to antiviral therapy in this group. These data strongly implicate SOCS3 as an
important antagonist of the in vivo response to IFN. Prospective studies to evaluate the
utility of this measurement should be performed to confirm its predictive power.
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HCV hepatitis C virus
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Fig. 1.
Immunohistochemistry of SOCS3 in patients with chronic hepatitis C. (A) Typical staining
in a non-responder. Strong SOCS3 staining is seen in hepatocyte cytoplasm. (B) Typical
staining in a responder. SOCS3 is faintly stained in hepatocyte cytoplasm. (C) Negative
control using normal rabbit serum in a non-responder. Original magnification 400×. [This
figure appears in colour on the web.]
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Fig. 2.
Comparison of hepatic SOCS3 expression in patients with chronic hepatitis C
monoinfection. (A and B) Pretreatment hepatic SOCS3 expression is higher in non-
responders (NR; n = 19) than responders (R; n = 30) across all genotypes. (C) Pretreatment
hepatic SOCS3 expression is higher in nonresponders (n = 17) than responders (n = 18)
among patients with genotype 1 infection. SOCS3 expression is not significantly different
between genotype 1 (G1, n = 18) and genotype 2/3 responders (G2/3, n = 12). (D) Patients
with genotype 1 infection showed greater SOCS3 expression than those with genotype 2 or
3. Data are presented as means ± SEM. *p < 0.001, **p < 0.05, ***p < 0.005. [This figure
appears in colour on the web.]
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Fig. 3.
Comparison of SOCS3 expression in patients with HCV–HIV coinfection. (A) Non-
responders (n = 15) exhibit higher pretreatment hepatic SOCS3 expression than responders
(n = 10) in patients with HCV/HIV coinfection. (B) AA (n = 9) have higher pretreatment
SOCS3 expression than non-AA (= 16). Data are presented as means ± SEM. *p < 0.05.
[This figure appears in colour on the web.]
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Fig. 4.
Immunohistochemistry of STAT1. (A) STAT1 antibodies diffusely stained the hepatocyte
cytoplasm in a responder. (B) STAT1 staining in a non-responder. (C) Negative control
using normal mouse serum in a responder. (D) STAT1 staining in Huh7 cells treated with
IFN as a positive control. (E) There was no difference in pretreatment hepatic STAT1
expression between non-responders (n = 19) and responders (n = 30) in patients with HCV
monoinfection. Data are presented as means ± SEM. [This figure appears in colour on the
web.]
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Table 1

Baseline characteristics of patients with hepatitis C monoinfection.

Characteristic Responders (n = 30) Non-responders (n = 19) p Value

Age, mean (SEM) 45.6 (1.8) 48.4 (1.5) 0.349

Gender (male/female) 20/10 13/6 1.0

Race 0.323

 African American 1 3

 White 27 15

 Others 2 1

Genotype

 1/2, 3 18/12 18/1 0.025

Viral load

 ≥800,000/< 800,000 IU/mL 14/14 14/3 0.03

ALT, mean (SEM) 104.4 (12.6) 95.2 (13.4) 0.711

Histology

 Inflammatory grade, median (interquartile) 6 (5,6) 6 (5,6.5) 0.707

 Fibrosis stage, median (interquartile) 2.5 (1.75,3) 3 (2,5) 0.039

 Presence/absence of cirrhosis 4/26 6/13 0.569

 Steatosis

  None 17 11 0.609

  Mild 8 7

  Moderate/severe 5 1
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Table 2

Baseline characteristics of patients with HCV/HIV coinfection.

Characteristic Responders (n = 10) Non-responders (n = 15) p value

Age, mean (SEM) 41.4 (2.2) 44.7 (1.5) 0.311

Gender (male/female) 9/1 10/5 0.345

Race 0.167

 African American 2 7

 White 8 6

 Hispanic 0 2

Genotype

 1,4/2,3 4/6 14/1 0.007

Viral load

 ≥800,000/< 800,000 IU/mL 7/3 13/2 0.175

Histology

 Inflammatory grade, median (interquartile) 6 (5,6) 6 (3.5,6) 0.557

 Fibrosis stage, median (interquartile) 3 (2,3) 2 (1,3.5) 0.516

 Presence/absence of cirrhosis 1/8 1/14 1.0

Steatosis 0.558

 None 2 5

 Mild 4 5

 Moderate/severe 3 5
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