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ABSTRACT

Single nucleotide polymorphisms (SNPs) upstream of the IL28B gene have been associated 
with the spontaneous clearance of hepatitis C virus (HCV) and with a sustained virological 
response (SVR) to HCV infection treatment. This study aimed to investigate the association 
between IL28B SNP rs12979860 and SVR in patients with hepatitis C in Central Brazil. A 
total of 101 HCV genotype 1 mono-infected chronic patients treated with pegylated interferon 
and ribavirin (PEG-IFN/RBV) were studied in the City of Goiânia, Central Brazil. Analysis 
of rs12979860 showed that the most prevalent genotype was CT (57.4%), followed by CC 
(23.8%) and TT (18.8%). An overall SVR rate of 28.7% (95% CI: 20.4-38.7) was found in 
the study population. In a multivariate analysis, only IL28B rs12979860 CC genotype (OR: 
3.77; 95% CI: 1.13-12.60; p = 0.031) was associated with SVR. These findings show that 
IL28B SNP rs12979860 is a strong predictor of SVR in the PEG-IFN/RBV treatment in 
patients infected with genotype 1 of HCV in Central Brazil.

KEY WORDS: IL28B; rs12979860; hepatitis C treatment; sustained virological response.

RESUMO

Associação entre o polimorfismo IL28B rs12979860 e a resposta terapêutica em pacientes 
infectados com o genótipo 1 do vírus da hepatite C no Brasil Central

Polimorfismos de nucleotídeo único (SNPs) relacionados ao gene IL28B têm sido associados 
à eliminação espontânea do vírus da hepatite C (VHC) e à resposta virológica sustentada 
(RVS) no tratamento da infecção pelo VHC. Este estudo teve como objetivo investigar a 
associação entre o SNP IL28B rs12979860 e a RVS em pacientes com hepatite C no Brasil 
Central. Um total de 101 pacientes crônicos monoinfectados com o genótipo 1 do VHC, 
tratados com interferon peguilado e ribavirina (PEG-IFN/RBV), foi estudado na cidade de 
Goiânia, estado de Goiás, Brasil Central. A análise de rs12979860 mostrou que o genótipo 
mais prevalente foi CT (57,4%), seguido por CC (23,8%) e TT (18,8%). A taxa global de 
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28,7% (IC 95%: 20,4-38,7) para a RVS foi encontrada na população estudada. Na análise 
multivariada, somente o genótipo CC para o SNP rs12979860 (OR: 3,77; IC 95%: 1,13-
12,60; p = 0,031) mostrou-se associado à RVS. Estes achados mostram que o SNP IL28B 
rs12979860 é um forte preditor de RVS no tratamento com PEG-IFN/RBV nos pacientes 
infectados com o genótipo 1 do VHC no Brasil Central.

DESCRITORES: IL28B; rs12979860; tratamento da hepatite C; resposta virológica sustentada.

INTRODUCTION

Hepatitis C virus (HCV) is a major cause of chronic hepatic diseases 
including cirrhosis and hepatocellular carcinoma (WHO, 2015). Currently, 
there is no hepatitis C vaccine, although HCV infection is potentially curable. 
In developed countries, several direct acting antiviral (DAAs) treatments for 
hepatitis C are now available (Webster et al., 2015). Nevertheless, the limitations 
of DAAs include high cost and potential low genetic barriers to resistance. 
Therefore, in most developing countries, therapy with pegylated interferon-alfa 
(PEG-IFN-α) in combination with ribavirin (RBV) will still be used to treat 
HCV infection in the immediate future (Liu et al., 2015). In Brazil, new DAAs 
in interferon-free combinations are now available (Brasil, 2015).

Both viral and host factors may influence the outcome of PEG-IFN/
RBV therapy. Regarding the viral factors, HCV genotypes are a well-known 
and widely observed factor (Liu et al., 2015; Matsuura et al., 2014). Among 
host genetic factors, polymorphisms near the interleukin-28B (IL-28B) locus on 
chromosome 19 have been associated with response to hepatitis C treatment. 
Concerning the single nucleotide polymorphism (SNP) rs12979860, the 
homozygous CC genotype is associated with a better response to therapy than 
heterozygous CT or the homozygous TT genotype (Ge et al., 2009; Olmedo 
et al., 2015). In addition, IL28B genotyping may be useful to identify patients 
who would benefit from shorter treatment with a first-generation DAA (Muir 
et al., 2013; Matsuura et al., 2014). Also, the IL28B rs12979860 CC genotype 
may affect the response to IFN-free combination therapy in HCV genotype 1 
infected patients (Chu et al., 2012; Zeuzem et al., 2013). It was suggested that 
the importance of innate immunity and IL28B SNP genotype may affect HCV 
therapy efficacy in certain IFN-free regimens (Matsuura et al., 2014).

In Brazil, HCV genotype 1, the most prevalent, is known as a difficult to 
treat genotype (Lampe et al., 2013; Webster et al., 2015). Concerning host factors, 
the Brazilian population has a wide range of genetic backgrounds due to the high 
degree of miscegenation, which may also influence the response to the HCV 
therapy (Cavalcante et al., 2012). However, there are few studies determining 
the IL28B polymorphisms in Brazilian HCV genotype 1 mono-infected patients 
treated with PEG-IFN and RBV (Cavalcante et al., 2012; Ramos et al., 2012; 
Garcia et al., 2013; Vasconcelos et al., 2014), and there is available data on these 
patients in Central Brazil. Therefore, the aim of the study was to estimate the 
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frequency of the genotypic variants of IL28B SNP rs12979860 (C/T) and to 
evaluate the association of this polymorphism with sustained virological response 
(SVR) to PEG-IFN/RBV treatment among patients infected with genotype 1 of 
HCV in Central Brazil.

MATERIAL AND METHODS

From January 2012 to February 2014, adult patients (older than 18 years 
of age) chronically infected with HCV genotype 1, who had been treated with 
a combination of PEG-IFN and RBV [48-wk combination of PEG-IFN-α 2a/2b 
and RBV (15 mg/kg)], were consecutively subjected to the genotyping of IL28B 
SNP rs12979860 at the Institute of Tropical Pathology and Public Health in the 
City of Goiania, Central Brazil. Patients who were co-infected with hepatitis B 
virus or human immunodeficiency virus or had other concomitant chronic liver 
diseases were excluded from the study.

Data on treatment outcome and a blood sample were collected for each 
enrolled patient. The treatment outcome of SVR was defined by a negative result 
for HCV RNA detection up to 6 months after treatment. Patients who did not 
achieve SVR (including those who relapsed) were categorized as non-responders 
(NR). Written informed consent was obtained from all participants prior to the 
start of the study. The protocol used in this study was approved by the Ethics 
Committee of the Federal University of Goiás.

Whole-blood samples of all patients were subjected to DNA extraction 
using the QIAamp DNA Blood Mini kit (Qiagen, Hilden, Germany) according 
to the manufacturer’s instructions. Polymerase chain reaction (PCR) targeting 
the IL28B SNP rs12979860 was performed, and PCR products were genotyped 
by restriction fragment length polymorphism (RFLP) analysis using BstUI 
restriction endonuclease (New England Biolabs, UK), essentially as described 
previously (Fabris et al., 2011).

Allele frequencies were estimated by direct allele counting. Both 
deviation from Hardy-Weinberg equilibrium and comparisons between groups 
were assessed using the chi-square test. To determine the baseline factors 
predicting SVR, these variables were initially assessed by univariate,  a p 
value ≤0.20 was used to select variables for inclusion in a multivariate logistic 
regression model to estimate adjusted odds ratios (ORs) and 95% confidence 
intervals (CIs). P values < 0.05 were considered statistically significant. The data 
were analyzed using SPSS version 17.0 (SPSS for Windows, Chicago, IL, US). 

RESULTS 

A total of 101 HCV genotype 1 infected patients treated with PEG-IFN/
RBV were included in the present study. Most of the study participants (73.3%) 
were previously treatment-naïve. The mean age was 48.2 years, 54.5% were 
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males, 69.3% were non-White (brown/pardo 62.4% and black 6.9%), with a 
mean body mass index (BMI) of 25.6 Kg/cm2 and 77.2% with basal HCV RNA 
≥ 600.000 IU/mL. Histopathological analysis of liver biopsy tissues was only 
available for 77 patients; of these, 64.9% had Metavir F0-F2 scores (Table 1). An 
overall SVR of 28.7% (95% CI: 20.4-38.7) was found in the study population.

As shown in Table 2, the SNP rs12979860 genotypic frequencies found 
in the whole sample (n = 101) and in the SVR group (n = 29) were in Hardy-
Weinberg equilibrium (p = 0.128 and 0.925, respectively), but not that observed 
in the non-responders (NR) group (n = 72) (p = 0.029). Overall, the most 
prevalent genotype was CT (n = 58, 57.4%), followed by CC (n = 24, 23.8%) 
and TT (n = 19, 18.8%). The frequency of the CC genotype was higher in the 
SVR group. On the other hand, the frequencies of CT and TT genotypes were 
higher in the NR group (p = 0.006).

Table 3 shows the association between the baseline characteristics 
and SVR. Univariate analysis revealed that the mean BMI (p = 0.048), liver 
fibrosis stage F0-F2 (p = 0.019), and rs12979860 CC genotype (p = 0.002) were 
significantly associated with SVR. In a multivariate analysis, only rs12979860 
CC genotype (OR: 3.77; 95% CI: 1.13-12.60; p = 0.031) was independent factor 
associated with SVR in HCV genotype 1 infected patients.

                   
Table 1.   Baseline characteristics of patients chronically infected with hepatitis 
C virus (HCV) genotype 1 in Central Brazil (n = 101)

Variables
Age (years) (mean ± sd) 48.2 ± 10.6
Gender (male) [n (%)] 55 (54.5)
Race/ethnicity [n (%)]
White 31 (30.7)
Black/Brown 70 (69.3)

BMI (Kg/cm2) (mean ± sd) 25.6 ± 4.5 
HCV RNA viral load (IU/mL) [n (%)]
˂ 600.000 23 (22.8)

≥ 600.000 78 (77.2)
Liver fibrosis (Metavir)* [n (%)]
F0-F2 50 (64.9)
F3-F4 27 (35.1)

Sd: standard deviation; BMI: body mass index *Histopathological analysis of liver biopsy tissues 
was only available for 77 patients: F0-F2 and F3-F4: Metavir score (mild-moderate and severe-
cirrhosis, respectively)
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Hepatitis C involves a quite complex interaction between the host 
and HCV. Treatment decisions in patients with chronic hepatitis C are 
based on demographic, virological, and clinical characteristics of infected 
patients. Accumulating evidence supports that the analysis of the IL28B SNP 
rs12979860 may be a useful tool to determine which chronic HCV genotype 1 
infected patient would be most likely to respond to PEG-IFN/RBV treatment 
(Olmedo et al., 2015).

Analysis of rs12979860 showed that the most prevalent genotype was 
CT (57.4%) in the study population, followed by CC (23.8%) and TT (18.8%). 
These frequencies were comparable with those reported in HCV infected 
patients in Brazil (Cavalcante et al., 2012;  Ramos et al., 2012; Garcia et al., 
2013; Grandi et al., 2013;  da Silva Conde et al., 2014; Vasconcelos et al., 
2014; Bertol et al., 2015). 

In this study, a significant association was observed between SVR 
and the rs12979860 CC genotype. This result was consistent with previous 
reports among HCV genotype 1 mono-infected patients treated with PEG-IFN 
and RBV in Brazil (Cavalcante et al., 2012; Ramos et al., 2012; Garcia et 
al., 2013; Vasconcelos et al., 2014). It is important to emphasize that the CC 
genotype was a strong predictor of SVR to PEG-IFN and RBV therapy in the 
study population (OR: 3.77; 95% CI: 1.13-12.60; p = 0.031). Similar results 
were previously reported in another Brazilian cohort of chronically infected 
patients with HCV genotype 1 (Cavalcante et al., 2012). Additionally, in a 
recent systematic review, Olmedo et al. (2015) confirmed the association of the 
rs12979860 with SVR in treatment-naive patients infected with HCV genotype 
1 (CC versus CT/TT-genotype; OR: 4.18; 95% CI: 3.37-5.17).

An overall SVR of 28.7% was found in these chronically HCV 
genotype 1 infected patients, and 32.4% among those who were previously 
treatment-naïve, percentages which were similar to those reported in two other 
Brazilian cohorts of chronically infected patients with HCV genotype 1 (29.4-
48%) (Brandão et al., 2006; Azevedo et al., 2012). However, when these rates 
were compared to those observed in studies with American and European 
populations (40-50%) (Webster et al., 2015), our SVR rates were slightly 
lower. As suggested elsewhere (Ramos et al., 2012), this may be explained 
by the higher frequency of the rs12979860 CT genotype in Brazilian patients 
chronically infected with HCV.

This study suffered a few limitations. Firstly, the sample size was 
relatively small. Secondly, the race/ethnicity categories (white, brown, and 
black) were self-reported by each participant. Of note, it is difficult to classify 
race/ethnicity of the study participants since the Brazilian population has a 
wide range of genetic backgrounds due to the high degree of miscegenation 
(Cavalcante et al., 2012). Additionally, IL28 polymorphisms are influenced 
by race/ethnicity (Ge et al., 2009, Cavalcante et al., 2012), which may be a 
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confounding factor in this study. Therefore, IL28B polymorphisms did not 
account for all of the ethnic differences in response to PEG-IFN/RBV therapy 
(Matsuura et al., 2014).

In conclusion, this study shows that the IL28B SNP rs12979860 CC 
genotype is present in 23.8% of HCV genotype 1 infected patients in Central 
Brazil and this polymorphism is associated with SVR to PEG-IFN and RBV 
therapy, reinforcing its role as a predictor of patient treatment outcome.
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