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Cytokines play a key role in the regulation of
immune responses. In hepatitis C virus infection
(HCV), the production of abnormal cytokine levels
appears to contribute to the progression of the
disease, viral persistence, and affects response
to therapy. Cytokine genes are polymorphic
at specific sites, and certain polymorphisms
located within coding/regulatory regions have
been shown to affect the overall expression
and secretion of cytokines. The aim of the present
study was to identify potential markers of cyto-
kines genes associated with the susceptibility
to HCV infection. The cohort was composed of
128 individuals infected by HCV and 94 healthy
controls.Genotypingwascarriedout byPCR-SSP.
The distributions of the following polymorphisms
were compared in these groups: TNF-a (�308G/A
[rs1800629]), TGF-b1 (codon 10 T/C [rs1982073],
codon 25 G/C [rs1800471]), IL-10 (�1082 A/G [rs
1800896]; �819T/C [rs1800871]; �592A/C [rs
1800872]), IL-6 (�174G/C [rs1800795]), and IFN-g
(þ874T/A [rs2430561]). This study demonstrated a
statistically significant difference in the frequency
of TGF-b1 codon 25 polymorphism between
healthy subjects and those infected with HCV.
No associations were observed between poly-
morphisms of TNF-a, IFN-g, IL-10, TGF-b1 codon
10, and IL-6 and HCV infection. These findings
suggest that TGF-b1 codon 25 polymorphism
could be a host genetic factor associated with
susceptibility to HCV infection. J. Med. Virol.
80:58–64, 2008. � 2007Wiley-Liss, Inc.
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INTRODUCTION

Hepatitis C virus (HCV) is a major cause of chronic
liver disease [Shepard et al., 2005]. An estimated
180 million people worldwide are carriers of HCV [Dai
et al., 2006]. Approximately 80% of infected patients fail
to clear thevirus andprogress to chronic hepatitis. Some

of those with chronic HCV infection may progress to
liver cirrhosis and eventually hepatocellular carcinoma
[Lauer andWalker, 2001]. In addition to viral genotypes
and environmental/behavioral factors (coinfections
or excessive alcohol intake), host genetic factors are
believed to influence the outcome of HCV infection [Yee,
2004].

Cytokines play an important role in defense against
viral infection [Koziel, 1999]. In HCV infection, several
studies have described associations between elevated
blood levels of interleukin-6 (IL-6) and transforming
growth factor-b (TGF-b) and development of disease
pathology [Malaguarnera et al., 1997; Oyanagi et al.,
1999; Tsushima et al., 1999; Lapinski, 2001]. The
production of abnormal levels of interleukin-10 (IL-10)
and tumour necrosis factor-a (TNF-a) has been associ-
ated with spontaneous elimination of HCV infection,
fibrogenesis, and even resistance to interferon-a (IFN-a)
therapy [Larrea et al., 1996; Kuzushita et al., 1997;
Nelson et al., 1997]. Studies on liver tissue revealed that
intrahepatic mRNA levels for interferon-g (IFN-g) were
higher in chronic HCV infection and the level of its
expression correlated with the degree of histologic
injury as well as the likelihood of non-responsiveness
to IFN-a therapy [Napoli et al., 1996].

Although immune responses are known to play a
key role in both HCV clearance and the development of
infection, the impact of host genetic factors and its effect
on the clinical outcome of HCV infection have not been
elucidated [Thursz, 2001; Yee, 2004; Richardson et al.,
2005; Hwang et al., 2006].

There are significant differences between individuals
in their ability to produce cytokines after in vitro
stimulation of peripheral blood leukocytes [Turner
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et al., 1995; Awad et al., 1998; Bidwell et al., 1998;
Pravica et al., 1999]. Such differences can be attributed
to several molecular mechanisms including variations
in transcription, translation, and secretion pathways
[Bidwell et al., 1999, 2001]. The maximal capacity of
cytokine production in individuals has a major genetic
component. A potential mechanism was described in-
volving polymorphisms within the regulatory regions
or signal sequences of cytokine genes [Turner et al.,
1997; Wilson et al., 1997; Fishman et al., 1998; Pravica
et al., 2000]. These genetic polymorphisms were shown
to affect the overall expression and secretion of cyto-
kines both in vitro and sporadically in vivo systems.
Associations between polymorphisms in cytokine genes
and inflammation, allograft rejection, autoimmune, and
infectious diseases have been reported [Awad et al.,
1998; Fishman et al., 1998; Powell et al., 2000; Ben-Ari
et al., 2003; Fernandez-Mestre et al., 2004; Bendicho
et al., 2005; Laguila Visentainer et al., 2005]. The role
of polymorphisms in TGF-b1, IFN-g, IL-6, IL-10, and
TNF-a in the pathogenesis of HCV infection has been
investigated, but some of these results are contradictory
[Hohler et al., 1998; Yee et al., 2000; Tambur et al., 2001;
Rosen et al., 2002; Vidigal et al., 2002; Barrett et al.,
2003; Abbas et al., 2005]. This discrepancy may be
due to ethnic differences in the populations examined,
leading to a differential distribution of these cytokines
genes polymorphisms.

Genetic variability in cytokine genes may account for
susceptibility to HCV infection. In particular, inher-
itance of allelic or genotype variations in the cytokines
genes may predispose an individual to HCV infection in
anethnically homogeneous cohort,withapredominance
of African descendents. To investigate this hypothesis,
polymorphisms in the cytokine-encoding genes TNF-a
(rs1800629), IL-10 (rs1800896; rs1800871; rs1800872),
IL-6 (rs1800795), IFN-g (rs2430561), and TGF-b1 (rs1
982073; rs1800471)were analyzed in patientswithHCV
infection and in healthy controls.

MATERIALS AND METHODS

Study Population

The study involved 128 Brazilian patients with
HCV infection who attended the Osvaldo Cruz Founda-
tion in order to confirm infection by detection of
circulating HCV RNA between March and October
2004. Out of the patients examined, the mean age
was 45.84� 10.61 years (range 22–64 years) and 94/
128 were males. The HCV genotype distribution was as
follows: 1 in 87 (68%) patients, 2 in 5 (3.9%) patients, and
3 in 36 (28.1%) patients. All patients did not have any
of the following exclusion criteria: hepatitis B or HIV
infection, or history of any disease to severely compro-
mise immune function. The patients could not be
stratified according to the stage of HCV infection. The
control group was comprised of 94 healthy blood
donors. All of the patients and the control group were
residents of Salvador and the surrounding region in the
State of Bahia and were ethnically homogeneous. All

individuals enrolled at the study had a similar mixed
genetic background ofEuropean,African, andAmerican
origin. Sera and whole blood were aliquoted within 2 hr
and stored immediately at �708C until use. Informed
consent was obtained from all subjects and the Ethics
Committee of the Osvaldo Cruz Foundation approved
the study protocol.

HCV-RNA and HCV Genotyping

HCV-RNA detection and genotyping were performed
as described previously [Chomczynski and Sacchi, 1987;
Davidson et al., 1995].

DNA Extraction

Genomic DNA was isolated from fresh peripheral
blood mononuclear cells using the QIAamp DNA blood
protocol according to the manufacturer’s instructions
(Qiagen Ltd, Crawley, UK).

PCR Sequence-Specific Primer

PCR amplification of TNF-a, TGF-b, IL-10, IL-6, and
IFN-g alleles and internal control, the human b-globin
gene, were carried out according to the manufacturer’s
recommendations (Cytokine Genotyping Tray, One
Lambda, Canoga Park, CA). Briefly, after addition of the
appropriate primer pairs, salts, buffer, and Taq poly-
merase, the sampleswere subjected toPCR.Amplification
conditionswere 1 cycle of 130 secat 968C,dropping to 638C
for an additional 60 sec; 9 cycles of 10 sec at 968C e 60 sec
at 638C; and the final 20 cycles, which included a three-
temperature ramp—denaturation for 10 sec at 968C,
annealing for 50 sec at 598C, followed by an extension
step of 30 sec at 728C. The amplified products were
analyzed by horizontal agarose gel electrophoresis
and visualized by staining with ethidium bromide and
exposure toultraviolet light. Interpretation ofPCRresults
was based on the presence or the absence of a specific
amplified fragment.

Cytokine Gene Polymorphism

Single nucleotide polymorphisms were analyzed in
five cytokine genes for genotype and phenotype assign-
ment. Specifically, for TNF-a, the presence of a G or A
nucleotide in position �308 of the promoter region
generates three potential genotypes corresponding to
two different phenotypes. The A/A and G/A genotypes
are associatedwith the production of high levels of TNF-
a while the G/G genotype is associated with low
levels of TNF-a [Wilson et al., 1997]. For IL-6 promoter,
we determined the nucleotide modification at position
�174. Both the G/G and G/C genotypes correlate with
the ability to produce high levels of IL-6, whereas C/C is
associated with low IL-6 production [Fishman et al.,
1998]. An additional polymorphism in the gene IFN-g
at position þ874 (T/A) was identified. The homozygous
T genotype is associated with the ability to produce
high levels of IFN-g, theheterozygousT/Agenotypewith
intermediate levels, and the homozygous A genotype
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with low levels [Pravica et al., 1999]. For TGF-b1,
two single nucleotide polymorphisms (SNPs) in the
coding region were analyzed: codon 10 (þ869) T/C,
and codon 25 (þ915) C/G. Potentially, there are nine
different combinations of these SNPs, which give rise to
three different phenotypes: high, intermediate, and low
producers of TGF-b1 [He et al., 1998]. Three different
polymorphisms were analyzed in the IL-10 promoter
region: position �1082 (G/A), position �819 (C/T), and
position �592 (A/C). These produce three haplotypes
GCC, ACC, and ATA corresponding to three dif-
ferent secretion phenotypes: high, intermediate, and
low producers of IL-10 [Turner et al., 1997; Tagore
et al., 1999].

Statistical Analysis

Statistical analysiswas carried out using the Statistical
Analysis System (SAS 8.0). Significant differences bet-
ween the observed frequencies of alleles/genotypes/
phenotypes in patients withHCV infection and in healthy
blood donors were assessed using the Chi-Square test or
Fisher’s exact test. All reported P-values were two-sided,
P< 0, 05 were considered significant. To verify Hardy–
Weinberg expectations, the software program BioEstat
3.0 was used.

RESULTS

A total of 128 patients infected with HCV were typed
for SNPs in five cytokine genes. Table I presents
allelic frequencies among patients infected with HCV
and healthy blood donors. Table II summarizes the
frequency of cytokine genotypes in the two groups and
Table III summarizes the cytokine phenotypes, deduced
fromgenetic polymorphisms in thefive cytokines in both
groups.

There was a significant association between a SNP in
the TGF-b1 gene and HCV infection. Statistically
significant differences were found in allele frequency
of TGF-b1 (codon 25 G) when HCV-infected patients
were compared with the healthy control group (P¼
0.0005; OR¼2.9; 95% CI¼1.6–5.6; Table I). The high-
producing TGF-b1 (codon 25) genotype was associated
withHCV infection (Table II). Among 128HCV-infected
patients, 113 (88.3%) had the GG genotype compared to
64 (68.1%) of 94 healthy controls (P¼ 0.0002; OR¼3.7;
95% CI¼ 1.8–7.4). An association between the high-
producing TGF-b1 phenotypes (T/T G/G and T/C G/G)
and HCV infection became apparent when both codons
were combined (Table III). Among HCV-infected
patients, 94 (73.4%) had the high phenotype compared
to 49 (52.1%) healthy controls (P¼0.0015; OR¼2.6;
95% CI¼ 1.4–4.9).

No other statistically significant differences were
found in the distribution of the two TGF-b1 poly-
morphisms analyzed as combined haplotypes between
HCV patients and healthy controls (data not shown).

None of the remaining cytokinesSNPswere associated
with HCV infection. Similarly, no significant differences
in the frequency of cytokines genes polymorphisms were
associated with HCV genotype distribution (data not
shown).

DISCUSSION

This study investigated the distribution of the follow-
ing cytokine genes SNPs: TNF-a (�308G/A), TGF-b1
(codon 10 T/C, codon 25 G/C), IL-10 (�1082A/G;�819T/
C;�592A/C), IL-6 (�174G/C), IFN-g (þ874T/A), in order
to determine whether any of these genetic factors
correlated with the occurrence of hepatitis C in a
Brazilian population.

J. Med. Virol. DOI 10.1002/jmv

TABLE I. Allelic Frequencies of Cytokines Genes Among Patients With Chronic HCV
Infection and Healthy Blood Donors

Gene Allele
Chronic HCV

patients (n¼ 128)
Healthy blood
controls (n¼ 94)

Statistical
analysis

TGF-b
Codon 10 T 139 (54.3%) 91 (48.4%) NS

C 117 (45.0%) 97 (51.6%)
Codon 25 G 240 (93.7%) 157 (83.5%) 0.0005

C 16 (6.3%) 31 (16.5%)
IFN-g (þ874)

T 91 (35.5%) 63 (33.5%) NS
A 165 (64.5%) 125 (66.5%)

IL-6 (�174)
G 203 (79.3%) 150 (79.8%) NS
C 53 (20.7%) 38 (20.2%)

IL-10
(�1082) A 167 (65.3%) 119 (63.3%) NS

G 89 (34.7%) 69 (36.7%)
(�819) C 160 (62.5%) 120 (63.8%) NS

T 96 (37.5%) 68 (36.2%)
(�592) C 160 (62.5%) 120 (63.8%) NS

A 96 (37.5%) 68 (36.2%)
TNF-a (�308)

G 217 (84.8%) 167 (77.7%) NS
A 39 (15.2%) 21 (22.3%)
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The results showed that the frequency of allele G at
TGF-b1 codon 25 was significantly higher in patients
with hepatitis C than in healthy controls. The TGF-b1
gene polymorphism at codon 25 is significantly asso-
ciated with TGF-b1 production in vitro. After in vitro
stimulation of peripheral blood mononuclear cells,
patients with the arginine/arginine homozygous geno-
type produce substantially more TGF-b1 protein than
individuals with the arginine/proline genotype [Awad
et al., 1998]. TGF-b1 is a polypeptide that is potentially
linked with fibrogenesis in the liver and also has a
number of suppressive effects on cells of the immune

system, including inhibition of T-cell proliferation
and differentiation and negative effects on macrophage
activation and dentritic cells maturation [Schuppan
et al., 2003]. The CD4þCD25þ regulatory T-lympho-
cytes have been implicated in suppressing T-cell
immune responses by secretion of TGF-b1 and IL-10
[Nakamura et al., 2001; Zheng et al., 2004; Fahlen et al.,
2005]. A characteristic of HCV infection is the impair-
ment of HCV-specific effector T-cell responses, thus it
is intriguing to hypothesize that T-regulatory cells
may play a role in the long-term persistence of HCV
infection.
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TABLE II. Genotypic Frequencies of Cytokines Genes Among Patients With Chronic HCV
Infection and Healthy Blood Donors

Gene Genotype
Chronic HCV

patients (n¼ 128)
Healthy blood
controls (n¼ 94)

Statistical
analysis

TGF-b (codon 10) T/T 37 (28.9%) 21 (22.4%)
T/C 65 (50.8%) 49 (52.1%) NS
C/C 26 (20.3%) 24 (25.5%)

TGF-b (codon 25) G/G 113 (88.3%) 64 (68.1%)
G/C 14 (10.9%) 29 (30.8%) 0.0002
C/C 1 (0.8%) 1 (1.1%)

IFN-g (þ874) T/T 20 (15.6%) 9 (9.6%)
T/A 51 (39.8%) 45 (47.8%) NS
A/A 57 (44.6%) 40 (42.6%)

IL-6 (�174) G/G 80 (62.5%) 60 (63.8%)
G/C 43 (33.6%) 30 (31.9%) NS
C/C 5 (3.9%) 4 (4.3%)

IL-10 (�1082) G/G 17 (13.3%) 13 (13.8%)
G/A 55 (43.0%) 43 (45.8%) NS
A/A 56 (43.7%) 38 (40.4%)

IL-10 (�819) C/C 50 (39.1%) 36 (38.3%)
C/T 60 (46.9%) 48 (51.1%) NS
T/T 18 (14.0%) 10 (10.6%)

IL-10 (�592) C/C 50 (39.1%) 36 (38.3%)
C/A 60 (46.9%) 48 (51.1%) NS
A/A 18 (14.0%) 10 (10.6%)

TNF-a (�308) G/G 94 (73.4%) 73 (77.7%)
G/A 29 (22.7%) 21 (22.3%) NS
A/A 5 (3.9%) 0

TABLE III. Phenotypic Frequencies of Cytokines Genes Among Patients With Chronic HCV
Infection and Healthy Blood Donors

Gene Phenotype
Chronic HCV

patients (n¼ 128)
Healthy blood
controls (n¼ 94)

Statistical
analysis

TGF-b
High 94 (73.4%) 49 (52.1%) 0.0015
Intermediate 26 (20.3%) 36 (38.3%) NS
Low 8 (6.3%) 9 (9.6%) NS

IFN-g
High 20 (15.6%) 9 (9.6%) NS
Intermediate 51 (39.8%) 45 (47.9%) NS
Low 57 (44.6%) 40 (42.5%) NS

IL-6
High 123 (96.1%) 90 (95.7%) NS
Low 5 (3.9%) 4 (4.3%) NS

IL-10
High 17 (13.3%) 13 (13.8%) NS
Intermediate 55 (43.0%) 43 (45.8%) NS
Low 56 (43.7%) 38 (40.4%) NS

TNF-a
High 34 (26.6%) 21 (22.3%) NS
Low 94 (73.4%) 73 (77.7%) NS
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Sugimoto et al. [2003] reported a higher frequency
of CD4þCD25þ regulatory T-cells in individuals
with chronic hepatitis C compared to healthy controls.
Cabrera et al. [2004] reported that depletion of CD4þ
CD25þ cells in vitro enhanced HCV-specific CD4þ and
CD8þ T-cell proliferation. In the same study, cytokine
analysis suggested CD4þCD25þ T-cells secrete TGF-b1
and IL-10 and the inhibitory role for TGF-b1 was
confirmed by anti-TGF-b1. A positive correlation was
also detected between CD4þCD25þ T-cell frequency
and HCV RNA titer, supporting the association between
T-regulatory cells and persistence of infection. Kanto
et al. [1997] reported that TGF depletion in vitro
increases cytotoxic T-lymphocytes. It was demonstrated
that TGF-b1 and IL-10 producing CD4þCD25þ T-
regulatory cells are able to induce other activated
CD4þ cells to become T-regulatory cells [Zheng
et al., 2004]. TGF-b1 seems to act as an effector cyto-
kine involved in the immunosuppressive function of
T-regulatory cells in vitro and in vivo. In addition, TGF-
b1 signaling in peripheral T-regulatory cells seems to be
essential for the regulation of peripheral T-regulatory
cell numbers and for their immunosuppressive function
in vivo. Others studies suggested that the suppression
of proliferation of CD8þ T-cells is contact-dependent
[Boettler et al., 2005; Rushbrook et al., 2005]. However,
in both of these studies proliferation was not inhibited
by anti-TGF-b antibody. These data suggested that
assays of different CD8þ T-cells functions may identify
distinct activities ofmembrane-boundand secretedTGF-
b1 by CD4þCD25þ T-cells. Further investigations are
required to elucidate potential differences in the activity
of CD4þCD25þregulatoryT-cells onHCV-specificCD4þ
and CD8þT-cells.
NK cells produce IFN, and their proliferation and

cytotoxicity are critical for viral clearance. Kimura et al.
[2006] suggested that lowTGF-b1 producersmight have
less suppression ofNK cells and bemore likely to resolve
HCV infection. They reported that �509C SNP was
significantly linked to higher HCV clearance rates and
to lower transcriptional activity.
Theoretically, it is plausible that TGF-b1 suppressive

effects on the immune response in high production
phenotype individuals may be more pronounced and
contributes to HCV infection. One possible mechanism
is that the activation of T-regulatory cells is stronger in
these subjects. This may favor suppressive effects on
TCD4þ and TCD8þ cells and impairment of NK cells
functions. Further studies are required to confirm this
hypothesis.
It has been established that TNF-a is an important

cytokine in the immune pathogenesis of HCV infection
particularly with regard to the noncytolytic control
of viral replication [Biron, 1994; Tough et al., 1996].
Hohler et al. [1998] have reported such an association
with a polymorphism in the TNF-a promoter (�238A)
and chronic active hepatitis C infection. The latter
study investigated the role of two TNF polymorphisms,
one at position �238 and the other at position �308.
While the�238polymorphismwasassociatedwithHCV

outcome, no such correlation was observed with the
�308 polymorphism. Similarly this study demonstrated
no correlation between the�308 polymorphism and the
susceptibility to HCV infection.

IL-6 is considered to be a Th2 cytokine that functions
both in innate and adaptative immunity. Mononuclear
phagocytes, vascular endothelial cells, fibroblasts, and
other cells, in response to inflammatory stimuli and
to other cytokines, notably IL-1 and TNF-a, synthesize
IL-6 [Diehl and Rincon, 2002]. Barrett et al. [2003]
demonstrated that a significant proportion of patients
with persistent HCV infection had a high production
genotype, whereas those who cleared the virus had a
low production genotype. The current study could not
confirm this observation.

IL-10, produced mainly by macrophages, is a potent
immunosuppressive cytokine that downregulates the
expression of major histocompatibility complex (MHC)
class I and class IImolecules, aswell as the production of
Th1 cytokines [Pestka et al., 2004;Vicari andTrinchieri,
2004]. Thus is reasonable to assume that hepatitis
C patients who produce high levels of IL-10 have less
ability to control infection. The �1082A SNP is asso-
ciated with reduced IL-10 production in vitro [Turner
et al., 1997]. Vidigal et al. [2002] reported an association
between inheritance of the IL-10 �1082 G/G genotype
and susceptibility to chronic HCV infection, as this
genotypewas foundmore commonly in patients infected
chronically than in healthy controls. However, not all
studies support the influence of these polymorphisms.
Three polymorphic sites in the IL-10 gene promoter
were studied in two independent DNA banks, each
with appropriate controls [Constantini et al., 2002].
No significant difference in the distribution of any of
the polymorphisms was reported in either study set.
Similarly, no significant difference in the distribution of
the IL-10 gene polymorphisms was found in these study
groups.

Similarly, nodifferences in the frequency of genotypes
associated with IFN-g polymorphisms were observed
between infected patients and healthy controls.

Ethnicity influences greatly the distribution of cyto-
kine gene polymorphism and these polymorphisms
located within the promoter or other regulatory regions
affect gene transcription and cause inter-individual
variation in cytokine production. Allele frequency varia-
tion is suchthat,withineachcytokine, there isa tendency
for at least one population to present itself as different
from the other groups. The present study contributes to
the knowledge of cytokine genotype distribution in an
ethnically homogeneous cohort.

Firstly, the data concerning TGF-b1 codon 25 poly-
morphism identified in this study must be confirmed
in groups of patients of different origins to exclude a
false positive result. On the other hand, the C allele of
TGF-b1 codon 25 polymorphismmay be interpreted as a
protective allele against HCV infection or liver fibrosis.
Additionally, this polymorphism may be in linkage
disequilibrium with other SNPs within or outside the
TGF-b1 gene, only acting as a marker of an extended
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haplotype. Considering that only one to three SNPs for
each gene have been studied, a genetic association may
have been missed for the others genes. Based on these
finding, a further analysis of others immune response
genes polymorphisms in large series is required to
elucidate the consequence of gene variants in HCV
infection. A previous study demonstrated that the TGF-
b1 polymorphism in codon 25 is associated with the
progression of fibrosis in chronic HCV infection [Powell
et al., 2000]. This preliminary study is the first report of
a Brazilian cohort with HCV infection and clinical data
of patients, as a progression of liver disease, is not
available. Since TGF-b1 is profibrogenic and data about
liver fibrosis are not provided for the studied population,
cohorts with moderate/severe liver disease need to be
studied to determine the role of these cytokine gene
polymorphisms in the progression of HCV infection.

In summary, the results of this study suggest that the
presence of the TGF-b1 G/G genotype at codon 25 was
associated with HCV infection. Further studies are
required to confirm the role of cytokine genotypes in
terms of susceptibility to HCV infection. The knowledge
of the genetic markers may contribute to the under-
standing of the host’s immune response to HCV and
allows the development of new therapeutic strategies.
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