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Abstract

Background: Previous studies have shown that single nucleotide polymorphisms (SNP) in IL28B and IL10R are
associated with sustained virological response (SVR) in chronic hepatitis C patients treated with pegilated interferon
plus ribavirin (P/R). The present study extends our earlier investigations on a large East-Central European cohort. The
allele frequencies of IL28B and IL10R in genotype 1 HCV infection were compared with that of healthy controls for
the purpose of examining the relationship between the polymorphisms and the SVR to P/R treatment.

Methods: A total of 748 chronic HCV1 infected patients (365 male, 383 female; 18–82 years) and 105 voluntary
blood donors as controls were enrolled. Four hundred and twenty HCV patients were treated with P/R for 24–72
weeks, out of them 195 (46.4%) achieved SVR. The IL28 rs12979860 SNP was determined using Custom Taqman
SNP Genotyping Assays. The IL10R −1087 (also known as IL10R −1082 (rs1800896) promoter region SNP was
determined by RT-PCR and restriction fragment length polymorphism analysis.

Results: The IL28B CC genotype occurred with lower frequency in HCV patients than in controls (26.1% vs 51.4%,
p<0.001). P/R treated patients with the IL28B CC genotype achieved higher SVR rate, as compared to patients with
CT (58.6% vs 40.8%, p=0.002). The prevalence of IL10R −1087 GG genotype was lower in patients than in controls
(31.8 % vs 52.2%, p<0.001). Among patients achieving SVR, the IL10R −1087 GG genotype occurred with higher
frequency than the AA (32.0% vs 17.4%, p=0.013). The IL28B T allele plus IL10R A allele combination was found with
higher prevalence in patients than in controls (52% vs 20.7%, p<0.001). The IL28B CC plus IL10R A allele
combination occurred with higher frequency among patients with SVR than in non-responders (21.3% vs 12.8%,
p=0.026). Both the IL28B CC plus IL10R GG and the IL28B CC plus IL10R A allele combinations occurred with lower
frequency in patients than in controls.

Conclusions: In our HCV1 patients, both the IL28B CC and IL10R GG genotypes are associated with clearance of
HCV. Moreover, distinct IL28B and IL10R allele combinations appear to be protective against chronic HCV1 infection
and predictors of response to P/R therapy.
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Background
Hepatitis C virus (HCV) is a major global health problem:
currently 170 million subjects are suffering from HCV
infection worldwide [1,2]. The outcome of HCV infection
ranges from spontaneous viral clearance to hepatitis,
cirrhosis and hepatocellular carcinoma. Some individuals
have rapidly progressive liver disease, while others remain
symptom-free virus carriers. The exact causes of the differ-
ent disease courses are not known. Immune mechanisms,
as well as environmental factors are responsible for
the various HCV-related events [3]. As genetic factors
controlling the host immune response play a pivotal
role in HCV infection, a genetic predisposition may also
be crucial [4-6]. Cytokines are among the predominant
mechanisms of host defense against infection; they induce
inflammatory response that often leads to tissue injury,
but also serve as antiviral effectors. Moreover, cytokine
synthesis capacity has a significant genetic component.
This explains why differences exist between individuals in
their ability to produce cytokines, a fact which may also
be due to single-nucleotide polymorphisms (SNPs) within
the coding regions of cytokine genes. Cytokine genes are
polymorphic and certain SNPs modify the cytokine
production and affect the host immune response. In
HCV infection, secretion of an inappropriate amount of
cytokines may be associated with chronicity or resistance
to interferon (IFN) treatment [7].
The interleukin-28B (IL-28B) – also referred to as

interferonλ-3 (IFNλ-3) [8-12] – was shown to be
involved in the control of HCV infection. The genetic
polymorphisms of the encoding IL28B gene region deter-
mine the spontaneous and treatment induced clearance of
genotype 1 HCV (HCV1) [13-15].
IL-28B is expressed by peripheral blood mononuclear

cells, dendritic cells, and hepatocytes upon infection
with viruses or stimulation with double-stranded RNA.
IL28B in turn activates signal transduction through the
JAK-STAT pathway, exerts antiviral activity and has an
impact on natural clearance of HCV. IL-28B exhibits
fewer IFN-like adverse effects because IL-28B receptors are
expressed on a limited number of cell types. The receptor
for IL-28 is composed of a unique IL-28R-α chain that pairs
with the IL-10R-β chain [10,11]. IL28B gene on human
chromosome 19q was discovered using genomic screening
process in which the entire human genome was scanned
for putative functional variants [8,9].
Ge et al. [12] identified first a SNP (rs12979860) located

only 3 kilobases upstream from the IL28B gene, that
encodes IL-28B. They applied genome-wide association
study (GWAS), retrospectively analysed samples of 1,137
HCV infected individuals participating in a clinical trial
with pegylated interferon plus ribavirin (P/R) therapy, and
found that the high IL-28B production CC genotype was
associated with approximately a threefold greater rate of
SVR to P/R when compared with the TT genotype. This
finding was confirmed by others [13,14]. At the same
time it was also shown that the frequency of the CC
genotype was significantly lower in HCV patients
when compared to matched controls; thus, suggesting
that this variant may be linked to a higher rate of
natural clearance of HCV. This hypothesis was soon
strengthened by Thomas et al., who reported that the
IL28B CC genotype enhanced the spontaneous reso-
lution rate of HCV infection [15]. Thus, it became evident
that HCV patients who harbor the CC genotype at
rs12979860 are more prone to respond to P/R treatment
and to clear the virus than patients who do not possess
this genetic polymorphism.
The standard of care (SOC) treatment for HCV infection

is peginterferon plus ribavirin (P/R) therapy of 24–72 month
duration, depending on HCV genotype, pre-treatment viral
load and viral kinetic. This type of treatment may result in
sustained virological response (undetectable HCV RNA
after 24 weeks of the end of therapy) in approximately
40–45% of patients infected by genotype 1 HCV (HCV1)
the most common genotype in Europe. In the past 2 years,
new compounds, “direct acting antivirals” (DAAs) have also
been developed such as HCV protease- and polymerase
inhibitors, that significantly enhance SVR compared
with SOC even to 68–74% in treatment-naïve HCV1
individuals [16].
Since there are conflicting data on the role of the

regulatory Th2 cytokine interleukin-10 (IL-10) in HCV
infection [17-20], the polymorphism of the IL10R
gene has also been examined. In our preliminary studies,
the first from an East-Central European country, we
reported that not only IL28B but also IL10R −1087
(also known as IL10R-1082) genetic variants may play
a role in HCV infection [21,22].
Interleukin-10 (IL-10), produced by monocytes,

macrophages and T cells, inhibits both the activation
of CD4+ T-helper cells and the function of cytotoxic
CD8 + T, NK and antigen-presenting cells, and also
modulates hepatic stellate cell collagen synthesis. IL-10
plays a regulatory role in immune reaction and suppresses
inflammatory responses by inhibiting the production of
pro-inflammatory cytokines. Its effect is mediated through
the IL-10 receptor (IL-10R), which is a heterodimer
that consists of both IL-10R1 required for binding,
and IL-10R2 required for signaling. Increased IL-10
production was reported in association with the -1082G,
-819C, -592GCC IL-10 promoter (ATA) haplotype [23,24].
If macrophages secrete large amount of IL-10, it may
decrease circulating TFN-α and IL-6 levels, thus, reducing
their harmful effects. A higher frequency of IL10 -1082 GG
genotype was found in older healthy controls than in
patients with myocardiac infarction; high IL-10 production
was protective for longevity [25].



Pár et al. BMC Research Notes 2014, 7:12 Page 3 of 7
http://www.biomedcentral.com/1756-0500/7/12
The present study extends our previous investigations
on a large East-Central European cohort in Hungary. The
allele frequencies of IL28B and IL10R −1087 in HCV1
infection were compared with that of healthy controls for
the purpose of examining the relationship between the
polymorphisms and the response to PEG-IFN and ribavirin
(P/R) treatment. We find that in HCV1-infected
East-Central European patients, both the IL28B CC and
IL10R GG genotypes are associated with clearance of HCV.
Moreover, distinct IL28B and IL10R allele combinations
appear to be protective against chronic HCV1 infection
and predictors of response to P/R therapy.

Methods
Ethics
This work has been carried out in accordance with the
guidelines of the 1975 Declaration of Helsinki and has
been approved by both the National Ethics Committee
(ETT TUKEB Budapest, No 490/010) and the Regional
Ethics Committee at the University of Pécs.
All the patients agreed to participate in the study, and

provided written informed consent.

Patients
A total of 748 HCV1 infected patients (365 men, 383 female,
ranging in age from 18 to 82 years, mean 54 ± 10 years)
were enrolled. All subjects were inpatients in 10 Hungarian
city hospitals or university clinics between January 2007
and December 2009.
The diagnosis of chronic hepatitis C was based on

persistent elevation of serum alanine aminotransferase
(ALT) levels >6 months in the presence of anti-HCV by
ELISA and HCV RNA by real-time reverse transcriptase-
polymerase chain reaction (RT-PCR). Quantitation of
plasma HCV RNA was carried out using Cobas Amplicor
2.0 (Hoffmann-La Roche Inc.). HCV genotype was deter-
mined by a genotype specific probe based assay in the 5′
untranslated region (LiPA; Innogentics, Ghent, Belgium).
(In Hungary, >95% of HCV patients have been infected
with HCV genotype 1. In Eastern European countries the
prevalence of genotype 1 ranges between 57% and 99%
[26]). In 70% of our patients percutaneous liver biopsy
was performed.
Of the 748 HCV1 patients, 420 were treated with pegy-

lated interferon alfa 2a/2b (Pegasys, Hoffmann-La Roche
Inc./Pegintron, SP Labo N.V. Belgium) 135–180 μg/1.0-
1.5 μg/kg subcutaneously per week, and ribavirin (Copegus,
Hoffmann-La Roche Inc./Rebetol, SP Labo N.V. Belgium)
1000–1200 mg orally per day for 24–72 weeks, then
followed up for 24 weeks.
Subjects who had undetectable HCV RNA levels

following 24 weeks of therapy were designated as sustained
virological response (SVR), undetectable serum HCV RNA
at week 4 after starting treatment as rapid virological
response (RVR), undetectable HCV RNA at week 12 after
starting therapy as early virological response (EVR). In our
paper, patients who did not achieve SVR were regarded as
“non-responders” (non-SVR).
One hundred and five healthy individuals (64 men, 41

female, mean age 45 ± 3 years), who were consecutive
voluntary blood donors with normal liver function tests
and negative for HBV, HCV and HIV serology, served as
controls.

Genotyping
DNA was isolated from peripheral blood by a standard
desalting method. The IL28B rs12979860 SNP was
determined using Custom Taqman SNP Genotyping
Assays (Applied Biosystems, Life Technologies, Foster, CA,
USA). The IL10R −1087 (also known as IL10R −1082)
(rs1800896) promoter region was required for the formation
of the EcoNI recognition sequence 5′-AAGACAACAC
TACTAAGGCT-3′; the lower primer was 5′-TAAA
TATCCTCAAAGTTCC-3′. After cutting the amplified
product (584 bp) by EcoNI, homozygote GG was identified
by two fragments 315 and 279 bp, while heterozygote AG
had 310, 280, 252 and 28 bp fragments and homozygote
AA had 310, 252 and 28 bp fragments [27].

Statistical analysis
Statistical analysis was carried out using the SPSS 16.0
for Windows (SPSS Inc., Chicago, IL, USA). The allele
and genotype frequencies were compared with Pearson’s
χ2 test. Binary logistic regression analysis was performed to
observe the individual contributions of the polymorphisms.
A p value of <0.05 was considered significant.

Results
Of 420 peginterferon and ribavirin (P/R) treated patients
195 (46.4%) achieved SVR. Patients with RVR (20% of
treated) achieved a 86% SVR rate, while those with EVR
(55% of treated) showed a 65% SVR rate.
As shown in Table 1, when comparing the IL28B

genotype frequencies between groups of healthy controls
and patients, the CC genotype occurred with lower
frequency in HCV patients than in controls, thus,
suggesting its protective effect against chronic hepatitits C.
On the other hand, CT heterozygosity and T alleles were
more prevalent in patients, and may, therefore, convey
susceptibility for the disease.
As shown in Table 2, subjects that received P/R therapy

and who had the IL28B CC genotype achieved higher rates
of SVR than subjects who had CT genotype (58.6% vs
40.8%) (OR 2.057, 95% CI: 1.305-3.058, p = 0.002), or those
carrying the T allele (41.8%, OR 1.976, 95% CI: 1.263-3.058,
p = 0.002).
As shown in Table 3, IL10R GG genotype occurred

with lower frequency in patients (31.8%) than in controls



Table 1 Prevalence of IL28B genotypes in Hungarian HCV
patients and healthy controls

IL28B genotype HCV1
(n = 748)

Controls
(n = 105)

OR

CC 195 (26.1%) 54 (51.4%) 0.333 (0.22 - 0.505)

P < 0.001

CT 411 (54.9%) 39 (37.1%) 2.064 (1.354 - 3.145)

p = 0.001

C allele 606 (81.02%) 93 (88.6%) 0.551 (0.294-1.032)

p = 0.059

TT 142 (19.0%) 12 (11.4%) 1.816 (0.969 – 3.404)

p = 0.059

T allele (non-CC) 553 (73.9%) 51 (48.6%) 3.003 (1.981 – 4.552)

P < 0.001

Table 3 Prevalence of IL10R −1087 genotypes in HCV
patients and healthy controls

IL10R −1087
Genotype

HCV1
(n = 672)

Controls
(n = 92)

OR

GG 214 (31.8) 48 (52.2%) 0.428 (0.276 - 0.665)

p < 0.001

GA 333 (49.6%) 32 (34.8%) 1.842 (1.169 – 2.903)

p = 0.008

G allele 547 (81.4%) 80 (87.0%) 0.656 (0.347-1.241)

p = 0.192

AA 125 (18.6%) 12 (13.0%) 1.523 (0.806 – 2.881)

p = 0.192

A allele (non-GG) 458 (68.15%) 44 (47.8%) 2.335 (1.504 – 3.625)

p < 0.001
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(52.2%) (OR: 0.428, p < 0.001). The prevalence of IL10R
AA allele was 68.15% in patients and 47.8% in healthy
individuals (OR: 2.335, p < 0.001).
Among P/R treated patients with SVR, the IL10R GG

genotype occurred with higher frequency than the AA
genotype, (57/178, 32.0% vs 31/178, 17.4%, (OR: 1.84,
95% CI 1.13-2.98, p = 0.013).
The SVR rate in patients with IL10R GG genotype was

42.2% (59/125); in those with GA 47.4% (88/178) and in
AA patients 39.7% (31/78). HCV patients with A allele
(non-GG genotype) achieved SVR in 46.4% (119/256).
Genotype combinations
Healthy controls and HCV1 patients
The prevalence of the double wild type combination
of the IL28B CC plus IL10R GG was lower (9.2%) in
HCV patients than in healthy controls (23.9%) (OR 0.322,
p < 0.001).
The IL28B CC plus IL10R A allele combination

likewise occurred with lower frequency in patients
(16.1%) when compared with controls (27.2,%, OR 0.515,
p = 0.009). Both combinations suggest a protective effect
against chronic HCV infection.
The prevalence of IL28B T allele plus IL10R A allele

combination was higher in patients (52.4%) than in healthy
Table 2 Sustained virological response (SVR) rate
stratified by IL28B genotypes in Hungarian HCV patients

Treated SVR

IL28B genotype n Number of patients Percentage

CC 116 68 58.6%

CT 228 93 40.8%

TT 76 34 44. 7%

T allele (non-CC) 304 127 41.8%
controls (20.7%), thus, leading to a more than fourfold risk
increase of the disease (OR 4.231, p < 0.001) (Table 4).

Comparison of subjects with sustained virologic response
(SVR) versus non-responder (non-SVR) patients
The IL28B CC plus IL10R −1087 AA allele combination
was found with higher frequency among patients achieving
SVR (21.3%), than in non-responders (12.8%, OR 1.848,
95% CI 1.070-3.190, p = 0.026). In patients with SVR, the
prevalence of the IL28B CC plus IL10R GG combination
was 12.4%, whereas in non-responders it was 7.9%
(OR 1.648, NS) (Table 4).
Cumulatively, the data suggest that SNPs in both IL28B

and the IL-10 promoter region, and specific combinations
thereof, are associated with protection against HCV infection
and differential responsiveness to IFN therapy.

Discussion
Previous studies have shown that IL28B SNP at the poly-
morphic site rs129798060 with the CC genotype, and IL10
receptor SNP at −1082 with the G allele are associated with
susceptibility to chronic hepatitis C virus infection and
response to combined antiviral therapy [12-14,17,28,29]. In
our cohort of Hungarian patients, we evaluated these SNPs
in a total of 748 patients infected with genotype 1 HCV
from 10 centers throughout Hungary. To our knowledge,
this is largest study of its type on HCV-infected subjects
from East-Central Europe. Our results show that polymor-
phisms of both IL28B and IL10R genes play a role in the
outcome of chronic hepatitis C in a new cohort. We were
able to demonstrate that IL28B CC genotype is a strong
predictor of SVR in patients treated with P/R, and protects
against the disease. The current study on a large cohort
confirms the results of our earlier studies [21,22]. This gen-
etic variant of IL28B may be associated with an elevated
production of IL-28B (IFNλ-3) but this has not been found
in all studies [12].



Table 4 IL28B and IL10R −1087 genotype combinations in the different study groups

IL28B genotype

CC CC T allele T allele

IL10R genotype HCV n = 664 GG 61 (9.2%) OR:0.322 (0.186-0.556) 148 (22.3%) 0.728 (0.446-1.188)

A allele 107 (16.1%) p < 0.001 348 (52.4%) p = 0.202

Controls n = 92 GG 22 (23.9%) OR:0.515 (0.311-0.852) 26 (28.3%) OR:4.231 (2.497-7.169)

A allele 25 (27.2%) p = 0.009 19 (20.7%) p < 0.001

SVR n = 178 GG 22 (12.4%) OR:1.648 (0.837-3.247) 37 (20.8%) OR:0.803 (0.496-1.301)

A allele 38 (21.3%) p = 0.146 81 (45.6%) p = 0.372

Non-responders n = 203 GG 16 (7.9%) OR: 1.848 (1.070-3.190) 50 (24.6%) OR:0.692 (0.462-1.037)

A allele 26 (12.8%) p = 0.026 (54.7%)111 p = 0.074

Prevalence of IL28B CC plus IL10R GG in HCV patients vs. controls OR: 0.322.
IL28B CC plus IL10R A allele OR: 0.515.
IL28B T allele plus IL10R A allele OR: 4.231.
Prevalence of IL28B CC plus IL10R A allele in pts with SVR vs. non-responders OR:1.848.
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Our results are in accordance with the previous findings
[12-14]. The frequency of IL28B CC in HCV1 patients
was lower than in healthy controls, this fact may mean
that individuals with IL28B CC genotype are protected
against chronic hepatitis C. Patients with IL28 CC geno-
type may have a high likelihood of SVR and possibly need
only the standard of care P/R treatment, particularly if
they have other positive predictors: low viral load, young
age, female, short duration of infection, absence of cirrho-
sis and low BMI. Under such circumstances, an IL28B CC
will not only predict SVR but also motivate both the pa-
tient and the doctor, serving to enhance adherence as well
However, it must be also emphasised that the strongest
positive predictor of SVR is not the IL28B CC, but the
RVR [30,31] as it was found in our cases too, when 86% of
patients with RVR eliminated their HCV1 infections.
The question arises whether HCV1 patients carrying

the IL28B TT genotype always require a more complex
(e.g. triple) therapy with direct acting antivirals (DAAs)?
It is conceivable that patients with the TT homozygosity,
who also have other negative predictors (such as previ-
ous non-response, high viral load, cirrhosis, obesity,
insulin resistance), will be candidates for treatment with
DAAs.
Recently, it was found that both the triple therapy

with DAAs, (e.g. protease inhibitors plus P/R) and the
IFN-free anti-HCV treatment may overcome the effect of
the unfavourable TT IL28B polymorphism. Thus, in the
future, the relevance of IL28B genotyping may become
limited in the individualized treatment for HCV1 infection
[32-35]. However, Bronowicki et al. reported that 100% of
treatment-naive HCV1 patients with IL28B CC achieved
SVR, even with 12 weeks of a protease inhibitor telaprevir
and P/R combination therapy [36]. Therefore, IL28B
genotyping may continue to be of importance in the
shortening of treatment duration.
Thus, the findings of IL28B polymorphisms will allow
one to predict with better accuracy which patients are
likely to respond to the standard of care P/R therapy.
However, it must be stressed that the effect of the
favourable variant is not absolute: not all carriers of the
“good response genotype” clear the virus; nor do all patients
lacking it fail to benefit from the P/R treatment [30,31].
It was noted previously that IL10 -1082 GG genotype

was frequent in HCV, when mononuclear cells produced
two-fold greater quantities of IL-10 compared with patients
with IL10 AA genotype [25,26]. Vigidal et al. reported, that
IL10 gene promoter −1082 GG genotype occurred more
frequently in HCV patients than in controls and that the
GG homozygosity was associated with poor response to
IFN. This genotype was identified in 34.6% of 80
HCV patients compared with 6/33 (16.7%) of controls
(p = 0.048). However, this study focused on limited numbers
of both patients and control subjects [28]. Meta-analysis of
Zhang et al., also showed that the IL10 -1082 GG genotype
was associated with susceptibility for chronic HCV infection
[29]. Yet, Afzal et al. reported that the frequency of −1082
GA genotype was higher in healthy individuals than in
HCV patients, suggesting the protective effect of this
variant [19]. Lio et al. noted that the IL10 -1082 GG
was associated with spontaneous recovery from HCV
infection [18], while according to Gao et al. -1082 AA
conferred an increased risk of persistent HCV infection
[37]. Knapp et al. found that HCV patients with SVR
showed higher frequency of IL10 -1082 GG genotype
than non-responders (26.9% vs 14.0% OR 2.28, 95%
CI 1.21-4.32, p = 0.05) [17].
In this study we investigated the IL10R promoter gene

polymorphisms at position −1087 relative to transcription
start site and proved that the −1087 GG occurs at a lower
frequency in HCV patients as compared with controls;
thus, this variant may be protective against the disease. At
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the same time, the frequency of GA genotype and A allele
was higher in the patients’ group - as a potential genetic
marker of susceptibility to the HCV1 infection. In patients
who achieved SVR, the IL10R GG genotype occurred with
higher (32.%) frequency than AA (17.4%), and the IL28B
CC plus IL10R −1087 A allele combination was also found
with higher rate among patients achieving SVR (21.3%),
than in non-responders (12.8%).
Our findings on the role of IL10R gene polymorphism

in HCV1 infection are rather conflicting, and may
contradict both some of the previously published data
[28,29] as well as the known biological effect of IL-10.
The reasons for these discrepancies are not clear. The
study populations may differ with regard to factors that
influence SVR: viral load, obesity, fibrosis, ethnicity and
sex. Additional studies are required to define the roles of
these factors in connection with IL10 polymorphisms in
chronic hepatitis C.

Conclusions
We demonstrated that not only IL28B CC but also
IL10R GG genotype and certain IL28B plus IL10R
allele combinations may be protective genetic variants
in Hungarian patients with chronic HCV1 infection.
By predicting which persons are most likely to respond to
IFN-based therapy, the examination of these polymorphisms
may help to manage an individualized approach to treat
HCV patients. Genotyping both IL28B and IL10R may
offer a baseline screening test, that, however, should be
combined with other well-known pre- and on-treatment
predictors for the outcome of the disease and choosing
the most appropriate type of anti-HCV therapy. In the era
of DAAs for the treatment of HCV infection, the prognos-
tic role of these genetic tests may be of less importance.
Yet, in certain circumstances, the IL28B genotyping can
be useful; e.g. in the shortening of treatment duration
in P/R plus DAA-treated HCV patients. It is evident,
however, that as an on-treatment predictor, rapid viro-
logical response remains the strongest prognostic factor,
even across IL28B genotypes [38].

Abbreviations
ALT: Alanine aminotransferase; DDA: Direct acting antiviral; GWAS: Genome-
wide association study; HCV: Hepatitis C virus; IFN: Interferon; IL: Interleukin;
NK: Natural killer; PEG-IFN: Pegylated interferon; P/R: Pegylated interferon
plus ribavirin; RBV: Ribavirin; RVR: Rapid virological response; SNP: Single
nucleotid polymorphism; SVR: Sustained virological response; Th: T helper;
TNF: Tumor necrosis factor.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
AP, GP, IT, FS, BH initiated and participated in the design of the study, PK
carried out the genotyping studies; DV, EF, MP, GL, JF, MV, JG, JS, ZN ZP, AT,
AH, ZS, ÁV contributed to acquisition of patients and their data; AP, GP, LS
drafted the manuscript; BM revised the paper critically for intellectual
content. All authors read and approved the final manuscript.
Acknowledgements
Alajos Pár has received research funding from the Hungarian National
Research Fund (OTKA K81454) and from the United European
Gastroenterology Federation (UEGF) (2011 Top Abstract Prize).
The authors thank Noemi Polgar and Laszlo Pota for performing statistical
analysis.

Author details
1First Department of Medicine, University of Pécs, Rákóczi u. 2, 7623 Pécs,
Hungary. 2Second Department of Medicine, University of Debrecen, 4012
Debrecen, Hungary. 3First Department of Medicine, Semmelweis University,
1082 Budapest, Hungary. 4Department of Dermatology, University of Pécs,
7627 Pécs, Hungary. 5Second Department of Medicine, Semmelweis
University, 1088 Budapest, Hungary. 6Réthy Pál Hospital, 5600 Békéscsaba,
Hungary. 7Szent György Hospital, 8000 Székesfehérvár, Hungary. 8United
Szent István and Szent László Hospital, 1097 Budapest, Hungary. 9Hetényi
Géza Hospital, 5004 Szolnok, Hungary. 10Kaposi Mór Teaching Hospital, 7400
Kaposvár, Hungary. 11Department of Medical Microbiology and Immunology,
University of Pécs, 7624 Pécs, Hungary. 12Department of Medical Genetics,
University of Pécs, 7624 Pécs, Hungary.

Received: 12 September 2013 Accepted: 3 January 2014
Published: 8 January 2014
References
1. Lavanchy D: The global burden of hepatitis C. Liver Int 2009,

29(Suppl 1):74–81.
2. Gravitz L: Introduction: a smouldering public-health crisis. Nature 2011,

474:S2–S4.
3. Dustin LB, Rice CM: Flying under the radar: the immunobiology of

hepatitis C. Annu Rev Immunol 2007, 25:71–99.
4. Thimme R, Bukh J, Spangenberg HC, Wieland S, Pemberton J, Steiger C,

Govindarajan S, Purcell RH, Chisari FV: Viral and immunological
determinants of hepatitis C virus clearance, persistence, and disease.
Proc Natl Acad Sci U S A 2002, 99:15661–15668.

5. Andrade DR: AJR: The influence of the human genome on chronic viral
hepatitis outcome. Rev Inst Med Trop Sao Paulo 2004, 46:119–126.

6. Donaldson PT: Genetics of liver disease: immunogenetics and disease
pathogenesis. Gut 2004, 53:599–608.

7. Thio CL: Host genetic factors and antiviral immune responses to
hepatitis C virus. Clin Liver Dis 2008, 12:713–726. xi.

8. Kotenko SV, Gallagher G, Baurin VV, Lewis-Antes A, Shen M, Shah NK, Langer JA,
Sheikh F, Dickensheets H, Donnelly RP: IFN-lambdas mediate antiviral
protection through a distinct class II cytokine receptor complex.
Nat Immunol 2003, 4:69–77.

9. Sheppard P, Kindsvogel W, Xu W, Henderson K, Schlutsmeyer S, Whitmore TE,
Kuestner R, Garrigues U, Birks C, Roraback J, Ostrander C, Dong D, Shin J,
Presnell S, Fox B, Haldeman B, Cooper E, Taft D, Gilbert T, Grant FJ, Tackett M,
Krivan W, McKnight G, Clegg C, Foster D, Klucher KM: IL-28, IL-29 and their
class II cytokine receptor IL-28R. Nat Immunol 2003, 4:63–68.

10. Robek MD, Boyd BS, Chisari FV: Lambda interferon inhibits hepatitis B and
C virus replication. J Virol 2005, 79:3851–3854.

11. Uzé G, Monneron D: IL-28 and IL-29: newcomers to the interferon family.
Biochimie 2007, 89:729–734.

12. Ge D, Fellay J, Thompson AJ, Simon JS, Shianna KV, Urban TJ, Heinzen EL,
Qiu P, Bertelsen AH, Muir AJ, Sulkowski M, McHutchison JG, Goldstein DB:
Genetic variation in IL28B predicts hepatitis C treatment-induced viral
clearance. Nature 2009, 461:399–401.

13. Suppiah V, Moldovan M, Ahlenstiel G, Berg T, Weltman M, Abate ML,
Bassendine M, Spengler U, Dore GJ, Powell E, Riordan S, Sheridan D,
Smedile A, Fragomeli V, Müller T, Bahlo M, Stewart GJ, Booth DR, George J:
IL28B is associated with response to chronic hepatitis C interferon-alpha
and ribavirin therapy. Nat Genet 2009, 41:1100–1104.

14. Tanaka Y, Nishida N, Sugiyama M, Kurosaki M, Matsuura K, Sakamoto N,
Nakagawa M, Korenaga M, Hino K, Hige S, Ito Y, Mita E, Tanaka E, Mochida S,
Murawaki Y, Honda M, Sakai A, Hiasa Y, Nishiguchi S, Koike A, Sakaida I,
Imamura M, Ito K, Yano K, Masaki N, Sugauchi F, Izumi N, Tokunaga K,
Mizokami M: Genome-wide association of IL28B with response to pegylated
interferon-alpha and ribavirin therapy for chronic hepatitis C. Nat Genet
2009, 41:1105–1109.



Pár et al. BMC Research Notes 2014, 7:12 Page 7 of 7
http://www.biomedcentral.com/1756-0500/7/12
15. Thomas DL, Thio CL, Martin MP, Qi Y, Ge D, O’Huigin C, Kidd J, Kidd K,
Khakoo SI, Alexander G, Goedert JJ, Kirk GD, Donfield SM, Rosen HR, Tobler LH,
Busch MP, McHutchison JG, Goldstein DB, Carrington M: Genetic variation in
IL28B and spontaneous clearance of hepatitis C virus. Nature 2009,
461:798–801.

16. Thompson A, Patel K, Tillamn H, McHutchison JG: Directly acting antivirals
for the treatment of patients with hepatitis C infection. A clinical
development update addressing key future challenges. J Hepatol 2009,
50:184–194.

17. Knapp S, Hennig BJW, Frodsham AJ, Zhang L, Hellier S, Wright M, Goldin R,
Hill AVS, Thomas HC, Thursz MR: Interleukin-10 promoter polymorphisms
and the outcome of hepatitis C virus infection. Immunogenetics 2003,
55:362–369.

18. Lio D, Caruso C, Di Stefano R, Colonna Romano G, Ferraro D, Scola L,
Crivello A, Licata A, Valenza LM, Candore G, Craxì A, Almasio PL: IL-10 and
TNF-alpha polymorphisms and the recovery from HCV infection.
Hum Immunol 2003, 64:674–680.

19. Selzner N, McGilvray I: Can genetic variations predict HCV treatment
outcomes? J Hepatol 2008, 49:494–497.

20. Afzal MS, Tahir S, Salman A, Baig TA, Shafi T, Zaidi NUSS, Qadri I: Analysis of
interleukin-10 gene polymorphisms and hepatitis C susceptibility in
Pakistan. J Infect Dev Ctries 2011, 5:473–479.

21. Par A, Kisfali P, Melegh B, Miseta A, Tornai I, Papp M, Hunyady B, Vincze A,
Par G: Genetic polymorphisms in IL-10R, IL-28B and LTA genes in HCV
infection. Do they have protective role and predict sustained virological
response? J Hepatol 2010, 52:S457.

22. Pár A, Kisfali P, Melegh B, Tornai I, Lengyel G, Nemes Z, Péterfi Z, Hunyady B,
Vincze Á, Pár G: Cytokine (IL-10, IL-28B and LT-A) Gene Polymorphisms in
Chronic Hepatitis C Virus Infection. Clin Exp Med J 2011, 5:9–19.

23. Kuzushita N, Hayashi N, Katayama K, Kanto T, Oshita M, Hagiwara H,
Kasahara A, Fusamoto H, Kamada T: High levels of serum interleukin-10
are associated with a poor response to interferon treatment in patients
with chronic hepatitis C. Scand J Gastroenterol 1997, 32:169–174.

24. Yee LJ, Tang J, Gibson AW, Kimberly R, Van Leeuwen DJ, Kaslow RA: Interleukin
10 polymorphisms as predictors of sustained response in antiviral therapy
for chronic hepatitis C infection. Hepatology 2001, 33:708–712.

25. Lio D, Candore G, Crivello A, Scola L, Colonna-Romano G, Cavallone L,
Hoffmann E, Caruso M, Licastro F, Caldarera CM, Branzi A, Franceschi C,
Caruso C: Opposite effects of interleukin 10 common gene polymorphisms
in cardiovascular diseases and in successful ageing: genetic background of
male centenarians is protective against coronary heart disease. J Med Genet
2004, 41:790–794.

26. Gervain J, Simon G Jr, Simon J: Genotype distribution of hepatitis C virus
in the Hungarian population with chronic viral hepatitis C. Eur J
Gastroenterol Hepatol 2003, 15:449–450.

27. Padyukov L, Hahn-Zoric M, Lau YL, Hanson LA: Different allelic frequencies
of several cytokine genes in Hong Kong Chinese and Swedish Caucasians.
Genes Immun 2001, 2:280–283.

28. Vidigal PG, Germer JJ, Zein NN: Polymorphisms in the interleukin-10,
tumor necrosis factor-alpha, and transforming growth factor-beta1
genes in chronic hepatitis C patients treated with interferon and
ribavirin. J Hepatol 2002, 36:271–277.

29. Zhang L-Z, Zhang T-C, Pan F-M, Zhang Z-H, Li X: Interleukin-10 gene
polymorphisms in association with susceptibility to chronic hepatitis C
virus infection: a meta-analysis study. Arch Virol 2010, 155:1839–1842.

30. Asselah T: Genetic polymorphism and response to treatment in chronic
hepatitis C: the future of personalized medicine. J Hepatol 2010,
52:452–454.

31. Clark PJ, Thompson AJ, McHutchison JG: IL28B genomic-based treatment
paradigms for patients with chronic hepatitis C infection: the future of
personalized HCV therapies. Am J Gastroenterol 2011, 106:38–45.

32. Poordad F, Bronowicki J-P, Gordon SC, Zeuzem S, Jacobson IM, Sulkowski MS,
Poynard T, Morgan TR, Burroughs M, Sniukiene V, Boparai N, Brass CA, Albrecht
JK, Bacon BR: IL28B polymorphism predicts virological response in patients
with hepatitis CC genotype 1 treated with Boceprevir (BOC) combination
therapy. J Hepatol 2011, 54:S6.

33. Pol S, Aerssens J, Zeuzem S, Andreone P, Lawitz EJ, Roberts S, Younossi Z,
Foster GR, Focaccia R, Horban A, Pockros PJ, Van Heeswijk RPG, De Meyer S,
Luo D, Botfield M, Beumont M, Picchio G: Limited impact of IL28B
genotype on response rates in telaprevir-treated patients with prior
treatment failure. J Hepatol 2013, 58:883–889.
34. Poordad F, Lawitz E, Kowdley KV, Cohen DE, Podsadecki T, Siggelkow S,
Heckaman M, Larsen L, Menon R, Koev G, Tripathi R, Pilot-Matias T, Bernstein B:
Exploratory study of oral combination antiviral therapy for hepatitis C.
N Eng J Med 2013, 368:45–53.

35. King LY, Chung RT: IL28B testing in a rapidly changing world: still
relevant? J Hepatol 2013, 58:847–849.

36. Bronowicki J-P, Hezode C, Bengtsson L, Pol S, Bourliere M, Serfaty L, De
Ledinghen V, Tran A, Benhamou Y, Grange J-D, Mathurin P, Marcellin P,
Trepo C, Zarski J-P, Seepersaud S, Kelliher K, Botfield M, Pawlotsky J-M:
100% SVR in IL28B CC patients treated with 12 weeks of Telaprevir,
Peginterferon and Ribavirin in the PROVE2 Trial. J Hepatol 2012,
56:S430–S431.

37. Gao Q-J, Liu D-W, Zhang S-Y, Jia M, Wang L-M, Wu L-H, Wang S-Y, Tong L-X:
Polymorphisms of some cytokines and chronic hepatitis B and C virus
infection. World J Gastroenterol 2009, 15:5610–5619.

38. Fried MW, Hadziyannis SJ, Shiffman ML, Messinger D, Zeuzem S: Rapid
virological response is the most important predictor of sustained
virological response across genotypes in patients with chronic hepatitis
C virus infection. J Hepatol 2011, 55:69–75.

doi:10.1186/1756-0500-7-12
Cite this article as: Pár et al.: IL28B and IL10R −1087 polymorphisms
are protective for chronic genotype 1 HCV infection and predictors
of response to interferon-based therapy in an East-Central European
cohort. BMC Research Notes 2014 7:12.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Ethics
	Patients
	Genotyping
	Statistical analysis

	Results
	Genotype combinations
	Healthy controls and HCV1 patients

	Comparison of subjects with sustained virologic response (SVR) versus non-responder (non-SVR) patients

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


