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OBJECTIVES: Suppressor of cytokine signaling 3, myxovirus resistance protein and osteopontin gene
polymorphisms may influence the therapeutic response in patients with chronic hepatitis C, and an association
with IL28 might increase the power to predict sustained virologic response. Our aims were to evaluate the
association between myxovirus resistance protein, osteopontin and suppressor of cytokine signaling 3 gene
polymorphisms in combination with IL28B and to assess the therapy response in hepatitis C patients treated
with pegylated-interferon plus ribavirin.

METHOD: Myxovirus resistance protein, osteopontin, suppressor of cytokine signaling 3 and IL28B
polymorphisms were analyzed by PCR-restriction fragment length polymorphism, direct sequencing and real-
time PCR. Ancestry was determined using genetic markers.

RESULTS: We analyzed 181 individuals, including 52 who were sustained virologic responders. The protective
genotype frequencies among the sustained virologic response group were as follows: the G/G suppressor of
cytokine signaling 3 (rs4969170) (62.2%); T/T osteopontin (rs2853744) (60%); T/T osteopontin (rs11730582)
(64.3%); and the G/T myxovirus resistance protein (rs2071430) genotype (54%). The patients who had $3 of the
protective genotypes from the myxovirus resistance protein, the suppressor of cytokine signaling 3 and
osteopontin had a greater than 90% probability of achieving a sustained response (p,0.0001). The C/C IL28B
genotype was present in 58.8% of the subjects in this group. The sustained virological response rates increased
to 85.7% and 91.7% by analyzing C/C IL28B with the T/T osteopontin genotype at rs11730582 and the G/G
suppressor of cytokine signaling 3 genotype, respectively. Genetic ancestry analysis revealed an admixed
population.

CONCLUSION: Hepatitis C genotype 1 patients who were responders to interferon-based therapy had a high
frequency of multiple protective polymorphisms in the myxovirus resistance protein, osteopontin and
suppressor of cytokine signaling 3 genes. The combined analysis of the suppressor of cytokine signaling 3
and IL28B genotypes more effectively predicted sustained virologic response than IL28B analysis alone.
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& INTRODUCTION

Genetic and biological host factors such as the human leukocyte
antigen, ancestry, cytokine polymorphisms, gender, liver fibrosis
and insulin resistance are implicated in the effectiveness of
interferon (IFN)-a therapy in chronic hepatitis C (1,2).

The interferon system is a crucial component of the
natural immune response to infectious agents. Type I
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interferon induces numerous antiviral proteins, including
the myxovirus resistance (MxA) protein, 2-5 oligoadeny-
late synthetase 1 and double-stranded RNA-dependent
protein kinase. The MxA protein has selective activity
against a number of viruses, and its levels are higher in
chronic hepatitis C virus (HCV) patients during inter-
feron treatment; the single nucleotide polymorphisms
(SNPs) in the promoter region of MxA appear to be
associated with the response of HCV-infected patients to
interferon (3,4).

Osteopontin (OPN) is an extracellular matrix protein
expressed in activated Kupffer and stellate cells that
contributes to the migration of macrophages into the
necrotic areas of the injured liver. OPN is an essential
cytokine in initiating the Th1 immune response; recent
research has shown that genetic polymorphisms in the OPN
gene determine the magnitude of the immune reaction, and
SNPs in the promoter region of human OPN may affect the
necroinflammatory activity in chronic hepatitis C patients
(CHC) (5).

The mechanisms by which HCV interferes with IFN
signaling and attenuates antiviral efficacy are not fully
elucidated. HCV infection leads to endogenous IFN produc-
tion and increased expression of the suppressor of cytokine
signaling 3 (SOCS3) via viral core proteins or IFN inhibitory
factors (6). SOCS3 can suppress JAK-STAT signaling at the
level of STAT1 (Signal Transducer and Activator of
Transcription 1) phosphorylation by blocking the IFN-
induced formation of interferon-stimulated gene factor 3
(ISGF3) (7). Previous studies have reported that an SNP
(-4874nt A.G) in the promoter region of the SOCS3 gene is
associated with a poorer treatment outcome (8).

IL28A, IL28B and IL29 are cytokines related to the lambda
interferon family and have been structurally associated with
the IL-10 family (9). SNPs located upstream of the IL28B
gene are the most important genetic markers for predicting
the response to combination therapy with pegylated IFN-a
and ribavirin in HCV genotype 1 patients (10-12).

IFN-a acts through the well-characterized JAK-STAT
pathway to up- or downregulate hundreds of genes that
function in the immune response pathways (13). SNPs in the
interferon-a pathway genes and interferon-induced genes
within the MxA and OPN (4,14-16) promoter regions are
associated with therapeutic outcome. High intrahepatic
expression levels of interferon-stimulated genes are asso-
ciated with lower antiviral response rates to interferon plus
ribavirin in chronic hepatitis C patients (17).

The aim of this study was to evaluate the influence of host
genetic heterogeneity mediated by SNPs in the promoter
regions of MxA, OPN and SOCS3 in chronic hepatitis C
patients treated with pegylated interferon (Peg-IFN) plus
ribavirin combination therapy. The capacity of these
protective genotypes to predict therapeutic response in
HCV patients was compared with therapeutic response
prediction using IL28B genotypes.

& MATERIALS AND METHODS

Study design and patients
Between January 2010 and March 2011, 181 adult out-

patient clinic patients chronically infected with HCV
genotype 1 who were treated with a combination of Peg-
IFN alpha-2a or alpha-2b and ribavirin were consecutively
screened. Of these patients, 143 were treated for the first

time, whereas 38 had been previously treated with a
combination of standard alpha-2a or alpha-2b interferon
and ribavirin.

Inclusion criteria
We included viral genotype 1 CHC patients who were

older than 18 years old and were treated with Peg-IFN
alpha-2a or alpha-2b plus ribavirin.

Exclusion criteria
The exclusion criteria were hepatitis B or HIV co-infection

and alcohol intake $40 g of ethanol/day or other con-
comitant chronic liver disease.

The patients were divided into the following 2 groups: the
SVR (sustained virologic response) group (individuals who
had achieved SVR), and the non-response (NR) group
(individuals who were non-responders or relapsers to
therapy). Other data were obtained from patient interviews
and chart reviews. SVR was defined as undetectable HCV
RNA in serum 24 weeks after the end of therapy. Patients
received 48 weeks of treatment. Non-response to therapy
was defined as an HCV viral load decline of less than 2 logs
at week 12 during therapy or detectable serum HCV RNA at
any time during therapy up to 48 weeks. Relapse was
defined as undetectable HCV RNA in serum at the end of
therapy followed by detectable HCV RNA after disconti-
nuation of therapy.

Genotyping of allelic variants
Genomic DNA from the peripheral blood mononuclear

cells was isolated using the DNA Blood MiniKit (Invitrogen,
USA). We defined protective genotypes as those genotypes
associated with a sustained virological response.

MxA
The biallelic polymorphism in the promoter region of

MxA rs2071430 at position -88nt (G.T) and rs17000900 at
position -123nt (C.A) from the transcription start site was
determined by PCR-restriction fragment length polymorph-
ism (RFLP), as described by Hijikata et al. (4). Amplification
was conducted using Taq DNA Polymerase High Fidelity
(Invitrogen, USA).

OPN
The SNPs in the OPN promoter region at position -616nt

(rs2853744; G.T) and position -449nt (rs11730582; T.C) were
analyzed by the direct sequencing of DNA fragments (5). The
extracted genomic DNA was amplified using Taq DNA
Polymerase High Fidelity (Invitrogen, USA). The direct
sequencing was performed using BigDye Terminator v3.1
Ready Reaction Cycle Sequencing (Applied BioSystems, USA).

SOCS3 and IL28B
The SOCS3 and IL28B SNPs were genotyped by real-time

PCR. Thermal cycling was performed on a Step One Real-
Time PCR System (Applied BioSystems, USA). The fluores-
cence data were collected, and the genotypes were
determined using Sequence Detection Systems software
version 1.3.1 (Applied BioSystems). The genotyping of the
SOCS3 promoter region at -4874nt (of rs4969170 A.G) was
performed according to Persico et al. (8). The SNP for IL28B
was rs12979860 (T.C).
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Ancestry informative markers (AIMs)
Genetic ancestries were determined by analyzing the

ancestry informative markers (AIMs) for African,
Amerindian and European populations. The allele*1 was
defined as the presence of insertion or the lack of restriction
enzyme site (18). The AIMs were selected based on previous
studies that analyzed a panel of 48 ancestry markers in
different populations (18-20). Seven AIMs were selected that
had higher than 48% ethno-geographical differential fre-
quencies for Amerindian/European, African/European and
Amerindian/African ancestries.

The evaluated AIMs were as follows: African ancestry, AT3-
I/D (rs3138521) and LPL (rs285); European ancestry, Sb19.3
(rs3138524), APO (rs3138522) and FY-Null (rs2814778); and
Amerindian ancestry, PV92 (rs3138523) and CKMM (rs4884).
Three SNPs (FY-null, LPL and CKMM) were determined
using the Taqman assay (Applied BioSystems, USA); 3 Alu
insertion polymorphisms (APO, Sb19.3 and PV92) and a
polymorphic insertion of a 68-bp fragment at locus AT3-I/D
were analyzed for specific alleles using PCR (19-21).

Statistical analysis
The statistical analysis was performed using the R projects

software version 2.11.1 for Windows (http://www.r-project).
The categorical data were analyzed using Fisher’s exact tests
or the x2 test; the continuous data were analyzed using the
non-parametric Mann-Whitney U test. The univariate factors
with p-values less than 0.05 and confidence intervals of 95%
were considered to be statistically significant.

The allele frequencies were estimated by the gene
counting method using the GENEPOP online version
4.0.10 (http://genepop.curtin.edu.au) (22). The admixture
proportions of each population sample were estimated by
the ADMIX software version 2.0 software [www.genetica.
fmed.edu.uy] (23,24). The parental population allele fre-
quencies used were described by Shriver et al. (18).

Ethics
This study was approved by the ethics committee of the

institution, and all of the patients provided written informed
consent. All of the procedures were in accordance with the
ethical standards of the responsible committee on human
experimentation and with the Helsinki Declaration of 1975 as
revised in 1983.

& RESULTS

Of the 181 HCV individuals in the study, 52 achieved
SVR, and 129 were non-responders/relapsers to the

combined Peg-INF alpha-2a or alpha-2b and ribavirin
therapy. The patient characteristics are described in
Table 1. Severe fibrosis (Metavir F3 and F4) was observed
more frequently in those patients who did not respond to
the combination treatment (OR = 2.27; 95% CI: 1.11–4.65;
p = 0.018) when compared to the sustained responders.

Our studied population was admixed, and the genetic
ancestry analysis revealed a tri-hybrid population with the
following genetic ancestry contribution: African, 43.6%;
European, 31.9% and Amerindian, 24.6%. We found that
patients in the NR/R group had a higher contribution of
African ancestry (46.6%) compared to European (27.2%) and
Amerindian (26.1%) ancestries, whereas the patients in the
SVR group had a greater contribution of European ancestry
(40.4%) compared to African (35.6%) and Amerindian (24%)
ancestries (p = 0.048).

Polymorphisms in the MxA promoter
Linkage disequilibrium was observed between the MxA

SNPs rs2071430 and rs17000900 (p = 0.001).
The polymorphisms in MxA at position -88 (rs2071430)

were associated with patient response to Peg-INF and
ribavirin therapy (Table 2). The G/G was significantly less
frequent in the SVR group than in the NR/R group (11.2 vs.
88.8%, p,0.0001). G/T heterozygosis plus T/T homozygosis
was present in 54% of the patients who achieved SVR and in
46% of the subjects from the NR/R group. The T allele had a
significantly higher frequency in the patients with SVR
(OR = 0.39; 95% CI: 0.21–0.71; p = 0.003).

The SNP at position -123 (rs17000900) was associated with
a therapeutic response. As shown in Table 2, non-respon-
ders/relapsers had a higher frequency of C/C homozygotes
than did the sustained virological responders (82.6% vs.
17.4%, p,0.0001), which is similar to the frequency of G/G
homozygotes for rs2071430.

Polymorphisms in the OPN promoter
The direct sequencing of the DNA fragments between nt -

733 and -236 in 181 patients revealed 2 SNPs in the promoter
region of OPN, located at nt -616 (rs2853744) and -443
(rs11730582). The prevalence of these 2 SNPs is shown in
Table 2. The T/T genotype for the SNP at rs2853744 was
associated with a sustained virological response to
antiviral Peg-IFN-a therapy (60% vs. 40%, p = 0.013). The
T allele occurred more frequently in the SVR group
compared to the NR/R group (OR = 0.30; 95% CI: 0.12 -
0.73; p = 0.009).

Patients with the T/T genotype for the SNP at rs11730582
(64.3%) had a significantly higher SVR rate than patients

Table 1 - Comparison of the baseline characteristics of individuals infected with HCV by response to Peg-IFN-a/ RBV
therapy.

N SVR N = 52 (%) NR N = 129 (%) OR (95% CI) p-value

Gender

Female 62 13 (21) 49 (79) 1.83 (0.89-3.78) 0.066

Male 119 39 (32.8) 80 (67.2)

Age (years) ¡ SD 181 50¡9.6 53¡10.1 0.149

Liver fibrosis stage

#F2 78 28 (63.6) 50 (43.5) 2.27 (1.11–4.65) 0.018

F3/F4 81 16 (36.4) 65 (56.5)

ALT (U/L) 166 117.42 113.08 0.733

Viral Load (IU/ml) 73 5.6 5.9 0.270

SD = standard deviation; OR = odds ratio; 95% CI = 95% confidence interval.
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with the T/C or C/C genotypes (12.8%). T/C + C/C was
associated with non-response/relapse (12.8% vs. 87.2%,
p,0.0001). The T allele had a strong association with the
SVR rate (OR = 0.23; 95% CI: 0.12 - 0.43; p = 0.001). No
linkage disequilibrium was noted between the SNPs.

Polymorphisms in the SOCS3 promoter
Our data show that the SNP located at nt -4874

(rs4969170) in the promoter region of the SOCS3 gene is
associated with the antiviral treatment response. As shown
in Table 2, the A/G + A/A genotype was more frequent
among the subjects in the NR/R group compared to the SVR
group (79.9% vs. 20.1%, p,0.0001). The G/G genotype
frequency was much higher in the SVR patients than in the
NR/R patients (62.2% vs. 37.8%, p,0.0001).

The alleles were not associated with the antiviral therapy
response (OR = 0.56; 95% CI: 0.32 – 1.00; p = 0.065).

Analysis of the combination of protective
genotypes at the MxA, OPN and SOCS3 promoter
regions

A higher number of protective genotypes present in a
patient indicated a higher probability of achieving sustained
virological response (Figure 1). The patients who had 3 or
more protective genotypes had a greater than 90% prob-
ability of attaining SVR (OR = 0.01; 95% CI: 0.001 - 0.10;
p,0.0001). There were few patients with higher numbers of
protective genotypes.

Polymorphisms in the IL28B gene
Individuals with the C allele in the IL28B polymorphism at

rs12979860 had a greater probability of achieving SVR,
whereas patients with the T allele had a greater probability
of non-response (OR = 0.45; 95% CI: 0.25–0.80; p = 0.009). The
C/C genotype was more frequent in the SVR group, whereas

Table 2 - MxA, OPN, SOCS3 and IL28B polymorphism genotype and allele frequencies by therapeutic outcome in
patients with chronic hepatitis C.

SVR N = 52 (%) NR N = 129 (%) OR (95% CI) p-value

MxA (rs2071430)

Genotypes

G/G 12 (11.2) 95 (88.8) 0.10 (0.05-0.22) ,0.0001

G/T + T/T 40 (54) 34 (46)

Allele frequency

T 0.471 0.258 0.39 (0.21–0.71) 0.003

G 0.529 0.742

MxA (rs17000900)

Genotypes

C/C 20 (17.4) 95 (82.6) 0.22 (0.11-0.44) ,0.0001

C/A + A/A 32 (48.5) 34 (51.5)

Allele frequency

A 0.346 0.140 0.20 (0.09–0.41) 0.001

C 0.423 0.860

OPN (rs2853744)

Genotypes

T/T 9 (60) 6 (40) 0.23 (0.07-0.69) 0.013

G/T + G/G 43 (25.9) 123 (74.1)

Allele frequency

T 0.221 0.087 0.30 (0.12-0.73) 0.009

G 0.779 0.913

OPN (rs11730582)

Genotypes

T/T 36 (64.3) 20 (35.7) 0.08 (0.03-0.17) ,0.0001

T/C + C/C 16 (12.8) 109 (87.2)

Allele frequency

T 0.750 0.417 0.23 (0.12-0.43) ,0.0001

C 0.250 0.583

SOCS3 (rs4969170)

Genotypes

G/G 23 (62.2) 14 (37.8) 0.15 (0.07-0.33) ,0.0001

A/G + A/A 29 (20.1) 115 (79.9)

Allele frequency

G 0.577 0.443 0.56 (0.32-0.99) 0.065

A 0.423 0.557

IL28B (rs12979860)

Genotype

C/C 20 (58.8) 14 (41.2) 0.20 (0.09–0.47) 0.0008

C/T + T/T 24 (22.9) 81 (77.1)

Allele frequency

C 0.648 0.458 0.45 (0.25–0.80) 0.009

T 0.352 0.542

OR = odds ratio; 95% CI = 95% confidence interval.
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the C/T and T/T genotypes were more frequent in the NR/R
group (OR = 0.20; 95% CI: 0.09–0.47; p = 0.0008) (Table 2).

Polymorphisms in the MxA, OPN and SOCS3
promoter genes and prediction of therapy response
when analyzed in combination with IL28B gene

The comparisons of the separate analysis of each
protective genotype in the OPN and SOCS3 genes to the
IL28B C/C genotype (rs12979860) detected an association
between SVR and those polymorphisms. The protective
genotypes from MxA were not associated with SVR
compared to IL28B.

The combined analysis of the MxA, OPN and SOCS3
genotypes with IL28B C/C revealed that patients with 3 or
more protective genotypes had a greater probability of
attaining SVR compared to patients with only the IL28B C/
C genotype (OR = 0.07; 95% CI: 0.02 - 0.20; p,0.0001)
(Figure 1).

In this population, analysis of only the isolated protective
IL28B genotype (C/C) was associated with SVR in 58.8% of
patients. Analyzing the IL28B C/C with the protective OPN
genotype (T/T) at rs11730582 increased the SVR proportion
to 85.7% (OR = 0.23; 95% CI: 0.11-0.46; p,0.0001). The
combination of the IL28B C/C with the SOCS3 protective
genotype (G/G) achieved a predictive SVR rate of 91.7%
(OR = 0.12; 95% CI: 0.05-0.28; p,0.0001) (Figure 2).

For the 181 patients who were treated for chronic HCV,
the frequencies of the protective genotypes were 30.9%
for OPN T/T (rs11730582), 20.4% for SOCS3 G/G and 18.8%
for IL28B C/C. The frequencies of the combinations of
protective genotypes were 6.6% for the IL28B C/C plus
OPN T/T and 6.07% for the IL28B C/C plus SOCS3 G/G.

& DISCUSSION

SNPs may be associated with the therapeutic outcome of
treatment with Peg-INF and ribavirin, and IL28B genotypes
have been reported to be significant markers in recent trials

(10). In this study, we found that the combined presence of
more than 3 protective genotypes from the OPN, MxA and
SOCS3 genes was as effective at predicting the therapeutic
response as was CC IL28B alone. We verified that grouping
the SOCS3 and IL28B protective genotypes increased the
capacity to predict SVR.

Interferons exert their biological effects primarily through
the JAK-STAT pathway, which regulates gene transcription
and mediates antiproliferative, antiviral and immunomo-
dulatory responses (25). SOCS3 interacts with the JAKs,
resulting in impaired STAT1 and STAT3 phosphorylation,
reduced levels of STAT1, impaired binding to the inter-
feron-sensitive response element (ISRE) and decreased
interferon-stimulated gene (ISG) expression (26). Persico
et al. (8) reported that the SOCS3 rs4969170 A/A genotype
was strongly associated with a failure to respond to HCV
antiviral therapy. In our study, the G/G genotype was more
frequently found in the sustained virological responders,
whereas the A/G + A/A genotype was most frequent in
NR/R subjects. Persico et al. (8) found that the A/A
genotype carriers had significantly higher SOCS3 mRNA
and protein expression levels, suggesting that high SOCS3
expression in the liver, as observed in the non-responders,
may be associated with non-response to HCV therapy (27).
The SOCS3 rs4969170 A.G polymorphism is located within
the binding region for 2 transcription factors, RUNX1 and
PURa. The allelic G form binds both factors, whereas the
allelic A form only binds RUNX1 (28). The SOCS3 A allele
could predispose patients to overproducing SOCS3 and to
resistance to antiviral therapy (29). The MxA and OPN
proteins could be downregulated by SOCS3 overexpression,
suppressing IFN-a-induced STAT activation and the expres-
sion of antiviral proteins.

The SNPs in OPN may be crucial in stimulating diverse
Th1 immune responses to HCV by regulating OPN
expression in the liver. The Th1 response is involved in
inflammation in chronic hepatitis C; HCV-infected hepato-
cytes are eradicated by the Th1 response during IFN-based

Figure 1 - Analysis of combinations of MxA, OPN and SOCS3 protective genotypes compared with IL28B by therapeutic response.
Patients who had 3 or more protective genotypes had a greater than 90% probability of attaining SVR.
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therapies. The T/T genotype in the OPN polymorphism at
rs11730582 was significantly associated with SVR, whereas
the T allele was less frequently found in the NR/R group;
this observation is in agreement with the data from Naito et
al. (16). The SVR group had a higher frequency of the T/T
genotype at the OPN SNP rs2853744, although this finding
was not confirmed by other authors (5,16). OPN SNPs may
affect OPN expression in the liver because they are located
just upstream of the cis-acting enhancing element of human
OPN (29).

We evaluated the MxA gene at rs17000900 and noted
linkage disequilibrium with rs2071430. Therefore, only
rs2071430 was analyzed. The G/T and T/T genotypes were
present more frequently in the SVR patients, whereas the
G/G genotype was associated with NR/R, suggesting that
the T allele has a protective effect. This assertion is
supported by an in vitro study that reported higher
transcriptional activity when stimulated by interferon-alpha
and by the fact that the T allele polymorphism at rs2071430
increases the homology of its encompassing sequence
element to an ISRE (4). Patients with the G/G genotype
may produce a suboptimal MxA response from treatment
with interferon-alpha. Our data agree with the findings that
indicated a statistical association between heterozygosis and
SVR.

We detected a lower frequency of the C/C genotype
(18.8%) in the IL28B polymorphisms (rs12979860) than did a
previous study (35%) (10), possibly because of the high
African contribution in our admixed population. In separate
analyses of the 143 naı̈ve patients and the 38 previous NR/
Rs to standard interferon-based therapy patients who were
retreated with Peg-INF plus ribavirin, the results remained
identical for all of the analyzed SNPs (data not shown),
indicating that the low frequency of C/C IL28B may be a
result of the high African contribution in our population
(30). In our study population, the C/C genotype frequency

was highly associated with the SVR group (58.8%), which is
in agreement with the literature; Ge et al. found that the
protective IL28B genotype is associated with SVR in
approximately 55% of African Americans (10).

The MxA, OPN and SOCS3 protective genotypes exhib-
ited individual associations with the therapeutic response;
when analyzed together, the power to predict an SVR
response increased progressively. The SVR response rate
was 93.3% in patients with combinations of MxA, OPN and
SOCS3 protective genotypes, whereas 58.8% of patients with
the C/C IL28B genotype experienced SVR. The frequency of
the combined MxA, OPN and SOCS3 protective genotypes
in our study population was 10%.

We evaluated the combination of the MxA, OPN and
SOCS3 protector genotypes with C/C IL28B to increase the
probability of predicting the therapeutic response but found
significant associations only with the OPN and SOCS3
genes. The frequency of SVR for the OPN and IL28B (T/T +
C/C) combination of protective genotypes was 85.7%. The
combined genotypes were present at a frequency of 6.6%,
whereas the individual genotype frequencies were 30.9%
(T/T OPN) and 18.8% (C/C IL28B).

The frequency of SVR for the SOCS3 and IL28B (G/G +
C/C) combination of protective genotypes was 91.7%,
which is higher than the individual frequencies of G/G
SOCS3 (62.2%) and C/C IL28B (58.8%). The combined
genotype (G/G + C/C) frequency was 6.07%, which is lower
than the individual G/G SOCS3 (20.4%) and C/C IL28B
(18.8%) frequencies. Although the frequency of the com-
bined protective genotypes is low, its predictive power is
reasonably accurate and is superior to the predictive power
of C/C IL28B alone. A plausible biological explanation for
this finding is that a less active SOCS3 allows IFN-lambda
and IFN-alpha to signal more effectively via the JAK-STAT
pathway to transcribe anti-viral proteins.

Figure 2 - Prediction of therapeutic response based on the combined analysis of protective OPN (rs11730582) or SOCS3 genotypes
with the protective IL28B genotype. The protective IL28B genotype (C/C) alone was associated with SVR in 58.8% of the patients. The
IL28B C/C genotype combined with the protective OPN genotype (T/T) at rs11730582 increased the SVR proportion to 85.7%. The
combination of IL28B C/C with the SOCS3 protective genotype (G/G) achieved a predictive SVR rate of 91.7%.
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A previous study of HCV genotype 1 patients examined
the effect of the IL28B genotype; ancestry analysis indicated
that patients with the C/C genotype had an SVR rate
of approximately 80% (10). Self-classified European-
Americans had an SVR rate slightly higher than 80%. The
authors explained that European ancestry is associated with
a higher frequency of the IL28B C allele, which results in a
greater probability of SVR. In our study, the group with a
combination of the C/C IL28B and G/G SOCS3 genotypes
had a greater SVR rate than the group with only the C/C
IL28B genotype. Our results suggest that the association
between the protective genotypes G/G SOCS3 and C/C
IL28B is a more powerful predictor of SVR.

Our study population was admixed; the genetic ancestry
analysis revealed a tri-hybrid population. It appears that our
study population is more ethnically heterogeneous than
populations evaluated in European and North American
studies. We found that the patients in the NR/R group had
a higher contribution of African ancestry, whereas the
patients in the SVR group had a greater European
contribution.

In conclusion, the combination of the MxA, OPN and
SOCS3 protective genotypes was more frequent among the
SVR patients. The combined analysis of the SOCS3 and
IL28B protective genotypes (G/G + C/C) had greater power
than IL28B to predict SVR. The limitations of the study must
be clarified. Our study population was relatively small, and
most of the combinations of SNPs that predicted treatment
outcomes more effectively than did the IL28B genotype
alone were present in less than 10% of the patients. New
studies involving combination polymorphism analysis
should be encouraged to validate our findings.

& ACKNOWLEDGMENTS

This study was supported in part by the FAPESB (grant number 6081/

2010) and by the FAPESP (grant number 2010/10549-1).

& AUTHOR CONTRIBUTIONS

Angelo AL performed the majority of this work. Cavalcante LN provided

the data collection. Angelo AL, Machado TB, Lemaire DC, Malta F and

Pinho JR provided the DNA extraction and genotyping. Angelo AL, Abe-

Sandes K and Cavalcante LN provided the analytical tools. Lyra AC and

Lyra LG edited and wrote the manuscript. Angelo AL, Lemaire DC,

Cavalcante LN, Lyra AC and Lyra LG conceived the study.

& REFERENCES

1. Thio CL. Host genetic factors and antiviral immune responses to
hepatitis C virus. Clin Liver Dis. 2008;12(3):713-26, xi, http://dx.doi.
org/10.1016/j.cld.2008.03.002.

2. Mabee CL, Crippin JS, Lee WM. Review article: interferon and hepatitis
C--factors predicting therapeutic outcome. Aliment Pharmacol Ther.
1998;12(6):509-18, http://dx.doi.org/10.1046/j.1365-2036.1998.00328.x.

3. Fernandez M, Quiroga JA, Martin J, Herrero M, Pardo M, Horisberger
MA, et al. In vivo and in vitro induction of MxA protein in peripheral
blood mononuclear cells from patients chronically infected with hepatitis
C virus. J Infect Dis. 1999;180(2):262-7, http://dx.doi.org/10.1086/3148
59.

4. Hijikata M, Mishiro S, Miyamoto C, Furuichi Y, Hashimoto M, Ohta Y.
Genetic polymorphism of the MxA gene promoter and interferon
responsiveness of hepatitis C patients: revisited by analyzing two SNP
sites (-123 and -88) in vivo and in vitro. Intervirology. 2001;44(6):379-82,
http://dx.doi.org/10.1159/000050075.

5. Mochida S, Hashimoto M, Matsui A, Naito M, Inao M, Nagoshi S, et al.
Genetic polymorphims in promoter region of osteopontin gene may be a
marker reflecting hepatitis activity in chronic hepatitis C patients.
Biochem Biophys Res Commun. 2004;313(4):1079-85, http://dx.doi.org/
10.1016/j.bbrc.2003.12.045.

6. Bode JG, Ludwig S, Ehrhardt C, Albrecht U, Erhardt A, Schaper F,
et al. IFN-alpha antagonistic activity of HCV core protein involves
induction of suppressor of cytokine signaling-3. FASEB J. 2003;
17(3):488-90.

7. Yasukawa H, Sasaki A, Yoshimura A. Negative regulation of cytokine
signaling pathways. Annu Rev Immunol. 2000;18:143-64, http://dx.doi.
org/10.1146/annurev.immunol.18.1.143.

8. Persico M, Capasso M, Russo R, Persico E, Croce L, Tiribelli C, et al.
Elevated expression and polymorphisms of SOCS3 influence patient
response to antiviral therapy in chronic hepatitis C. Gut. 2008;57(4):507-15.

9. Gad HH, Dellgren C, Hamming OJ, Vends S, Paludan SR, Hartmann R.
Interferon-lambda is functionally an interferon but structurally related to
the interleukin-10 family. J Biol Chem. 2009;284(31):20869-75, http://dx.
doi.org/10.1074/jbc.M109.002923.

10. Ge D, Fellay J, Thompson AJ, Simon JS, Shianna KV, Urban TJ, et al.
Genetic variation in IL28B predicts hepatitis C treatment-induced viral
clearance. Nature. 2009;461(7262):399-401, http://dx.doi.org/10.1038/
nature08309.

11. Tanaka Y, Nishida N, Sugiyama M, Kurosaki M, Matsuura K, Sakamoto
N, et al. Genome-wide association of IL28B with response to pegylated
interferon-alpha and ribavirin therapy for chronic hepatitis C. Nat Genet.
2009;41(10):1105-9, http://dx.doi.org/10.1038/ng.449.

12. Thomas DL, Thio CL, Martin MP, Qi Y, Ge D, O’Huigin C, et al. Genetic
variation in IL28B and spontaneous clearance of hepatitis C virus.
Nature. 2009;461(7265):798-801, http://dx.doi.org/10.1038/nature08463.

13. David M. Signal transduction by type I interferons. Biotechniques
2002;Suppl:58-65.

14. Welzel TM, Morgan TR, Bonkovsky HL, Naishadham D, Pfeiffer RM,
Wright EC, et al. Variants in interferon-alpha pathway genes and
response to pegylated interferon-Alpha2a plus ribavirin for treatment of
chronic hepatitis C virus infection in the hepatitis C antiviral long-term
treatment against cirrhosis trial. Hepatology. 2009;49(6):1847-58, http://
dx.doi.org/10.1002/hep.22877.

15. Knapp S, Yee LJ, Frodsham AJ, Hennig BJ, Hellier S, Zhang L, et al.
Polymorphisms in interferon-induced genes and the outcome of hepatitis
C virus infection: roles of MxA, OAS-1 and PKR. Genes Immun.
2003;4(6):411-9, http://dx.doi.org/10.1038/sj.gene.6363984.

16. Naito M, Matsui A, Inao M, Nagoshi S, Nagano M, Ito N, et al. SNPs in the
promoter region of the osteopontin gene as a marker predicting the efficacy of
interferon-based therapies in patients with chronic hepatitis C. J Gastroenterol.
2005;40(4):381-8, http://dx.doi.org/10.1007/s00535-005-1558-3.

17. Abe H, Hayes CN, Ochi H, Maekawa T, Tsuge M, Miki D, et al. IL28
variation affects expression of interferon stimulated genes and peg-
interferon and ribavirin therapy. J Hepatol. 2011;54(6):1094-101, http://
dx.doi.org/10.1016/j.jhep.2010.09.019.

18. Shriver MD, Parra EJ, Dios S, Bonilla C, Norton H, Jovel C, et al. Skin
pigmentation, biogeographical ancestry and admixture mapping. Hum
Genet. 2003;112(4):387-99.

19. Parra EJ, Marcini A, Akey J, Martinson J, Batzer MA, Cooper R, et al.
Estimating African American admixture proportions by use of popula-
tion-specific alleles. Am J Hum Genet. 1998;63(6):1839-51.

20. Bonilla C, Parra EJ, Pfaff CL, Dios S, Marshall JA, Hamman RF, et al.
Admixture in the Hispanics of the San Luis Valley, Colorado, and its
implications for complex trait gene mapping. Ann Hum Genet. 2004;68(Pt
2):139-53, http://dx.doi.org/10.1046/j.1529-8817.2003.00084.x.

21. Batzer MA, Stoneking M, Alegria-Hartman M, Bazan H, Kass DH,
Shaikh, et al. African origin of human-specific polymorphic Alu
insertions. Proc Natl Acad Sci U S A. 1994;91(25):12288-92, http://dx.
doi.org/10.1073/pnas.91.25.12288.

22. Raymond M, Rousset F. GENEPOP (version 1.2): population genetics
software for exact tests and ecumenicism. J Hered. 1995;86(3):248-9.

23. Chakraborty R. Gene identity in racial hybrids and estimation of
admixture rates. In: Ahuja Y, Neel JV, eds. Genetic Microdi-
fferentiation in Human and Other Animal Populations. Delhi,
India: Anthropological Association, Delhi University Anthropology
Department. 1985;171-80.

24. Divers J, Vaughan LK, Padilla MA, Fernandez JR, Allison DB, Redden
DT. Correcting for measurement error in individual ancestry estimates in
structured association tests. Genetics. 2007;176(3):1823-33, http://dx.doi.
org/10.1534/genetics.107.075408.

25. Goodbourn S, Didcock L, Randall RE. Interferons: cell signalling,
immune modulation, antiviral response and virus countermeasures.
J Gen Virol. 2000;81(Pt 10):2341-64.

26. Yasukawa H, Sasaki A, Yoshimura A. Negative regulation of cytokine
signaling pathways. Annu Rev Immunol. 2000;18:143-64, http://dx.doi.
org/10.1146/annurev.immunol.18.1.143.

27. Miyaaki H, Ichikawa T, Nakao K, Matsuzaki T, Muraoka T, Honda T,
et al. Predictive value of suppressor of cytokine signal 3 (SOCS3) in
the outcome of interferon therapy in chronic hepatitis C. Hepatol Res.
2009;39(9):850-5, http://dx.doi.org/10.1111/j.1872-034X.2009.00529.
x.

28. Cartharius K, Frech K, Grote K, Klocke B, Haltmeier M, Klingenhoff A,
et al. MatInspector and beyond: promoter analysis based on transcription

CLINICS 2013;68(10):1325-1332 MxA, OPN, SOCS3 and IL28B polymorphisms in HCV
Angelo AL et al.

1331



factor binding sites. Bioinformatics. 2005;21(13):2933-42, http://dx.doi.
org/10.1093/bioinformatics/bti473.

29. Yamamoto S, Hijiya N, Setoguchi M, Matsuura K, Ishida T, Higuchi Y,
et al. Structure of the osteopontin gene and its promoter. Ann N Y Acad
Sci. 1995;760:44-58.

30. Cavalcante LN, Abe-Sandes K, Angelo AL, Machado TM, Lemaire
DC, Mendes CM, et al. IL28B polymorphisms are markers of therapy
response and are influenced by genetic ancestry in chronic hepatitis
C patients from an admixed population. Liver Int. 2012;32(3):476-
86.

MxA, OPN, SOCS3 and IL28B polymorphisms in HCV
Angelo AL et al.

CLINICS 2013;68(10):1325-1332

1332


	Title
	Authors
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study design and patients
	Inclusion criteria
	Exclusion criteria
	Genotyping of allelic variants
	MxA
	OPN
	SOCS3 and IL28B
	Ancestry informative markers (AIMs)
	Statistical analysis
	Ethics
	RESULTS
	Polymorphisms in the MxA promoter
	Polymorphisms in the OPN promoter
	Table 1
	Polymorphisms in the SOCS3 promoter
	Analysis of the combination of protective genotypes at the MxA, OPN and SOCS3 promoter regions
	Polymorphisms in the IL28B gene
	Table 2
	Polymorphisms in the MxA, OPN and SOCS3 promoter genes and prediction of therapy response when analyzed in combination with IL2
	DISCUSSION
	Figure 1
	Figure 2
	REFERENCES
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23
	Reference 24
	Reference 25
	Reference 26
	Reference 27
	Reference 28
	Reference 29
	Reference 30


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


