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A single nucleotide polymorphism, rs129679860, in the 1L28B locus is
associated with the viral kinetics and a sustained virological response
in a chronic, monoinfected hepatitis C virus genotype-1 Brazilian
population treated with pegylated interferon-ribavirin
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Single nucleotide polymorphisms (SNPs) in the interleukin (IL)28B locus have been associated with a sustained
virological response (SVR) in interferon-ribavirin (IFN-RBV)-treated chronic hepatitis C virus (HCV)-infected pa-
tients in European and African populations. In this study, the genotype frequency of two IL28B SNPs (rs129679860 and
rs8099917) in a cohort of chronic HCV-monoinfected patients in Brazil was evaluated and the SNP sufficient to predict
the treatment response outcome was determined. A total of 66 naive genotype-1 chronic HCV-infected patients were
genotyped and the associated viral kinetics and SVR were assessed. The overall SVR was 38%. Both the viral kinetics
and SVR were associated with rs129679860 genotypes (CC = 62% vs. CT = 33% vs. TT = 18%, p = 0.016). However,
18099917 genotypes were only associated with SVR (TT = 53% vs. TG = 33% vs. GG = 18%;, p = 0.032). In this popula-
tion, the analysis of a single SNP, rs12979860, successfully predicts SVR in the IFN-RBV treatment of HCV.
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Chronic hepatitis C virus (HCV) infection is a com-
mon cause for liver transplantation in western countries
and can lead to progressive liver disease, resulting in cir-
rhosis and other complications including hepatocellular
carcinoma (El-Serag & Mason 1999, El-Serag 2002). Al-
though protease inhibitors have been recently approved
for HCV treatment in developing countries, the current
standard treatment for HCV continues to utilise subcu-
taneous alpha pegylated interferon (PEG-IFN) in com-
bination with oral ribavirin (RBV) administration for
24 or 48 weeks depending on the HCV genotype. This
treatment is costly and associated with significant ad-
verse effects, thereby resulting in reduced compliance.
Furthermore, approximately half of the treated subjects
achieve a sustained virological response (SVR) (Fried et
al. 2002, Ferenci et al. 2005, Moraes Coelho & Ville-
la-Nogueira 2010). However, SVR is clearly associated
with a reduced risk of long-term complications, such as
cirrhosis and hepatocellular carcinoma (Poynard et al.
2000). Many predictive factors associated with the HCV
treatment response have been identified (McHutchison
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et al. 2001, Ferrenci 2004, Ferenci et al. 2005, Moraes
Coclho & Villela-Nogueira 2010).

Recently, a host-specific genetic-based HCV response
to treatment was described. Genome-wide association
studies (GWAS) identified a single nucleotide polymor-
phism (SNP) located on chromosome 19 within an 8§0-KB
region containing the genes encoding the lambda IFNs.
Ge et al. (2009) observed that persons who were homozy-
gous for the major C allele at the rs12979860 SNP in prox-
imity to interleukin (IL)28B were two-fold more likely to
respond to treatment than those who were homozygous
for the alternative nucleoside (T). The results of two other
GWAS demonstrated that the rs8099917 SNP is associated
with a SVR to HCV treatment. This T/G SNP is located
near the gene /L28B, which encodes IFN lambda 3 (Sup-
piah et al. 2009, Tanaka et al. 2009). Rauch et al. (2010)
also reported that the frequency of the minor G allele was
over-represented among individuals with chronic hepati-
tis C with no response to PEG-IFN and RBV compared
with those who achieved a SVR (Balogopal et al. 2010).

Genetic association studies require replication for
use in different worldwide populations. Brazil is a large
country with a population of mixed ancestry containing
three million chronic HCV-infected persons. Similar to
other countries, the most prevalent HCV genotype in
Brazil is genotype 1 and the number of non-responders
to PEG-IFN and RBV increases daily. Recently, the
genotype frequencies of the IL28B SNPs rs12979860 and
rs8099917 in human immunodeficiency virus (HIV)-
coinfected and HCV-monoinfected Brazilian populations
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have been reported (de Araujo et al. 2011, Cavalcante et
al. 2012, Lunge et al. 2012). However, it is not known
whether the genotyping of both polymorphisms would be
relevant to therapeutic determinations. Thus, the objec-
tive of this study was to describe the frequency of the
IL28B C/T SNP for rs12979860 and that of the T/G SNP
for rs8099917 in a cohort of Brazilian patients with geno-
type 1 chronic HCV infections treated with PEG-IFN and
RBV. In addition, we evaluated the association of both
IL28B SNPs with SVR in this population and investigat-
ed whether the determination of both IL28B SNPs would
contribute to the prediction of SVR in these patients.

PATIENTS, MATERIALS AND METHODS

Naive chronic HCV genotype-l-infected outpatients
attending the Liver Clinic/University Hospital of the
Federal University of Rio de Janeiro (HU-UFRJ), Bra-
zil, treated with PEG-IFN and RBV from May 2005-Dec
2007 were included in this study. Data from the study
patients were subjected to a per-protocol analysis. Sub-
jects that did not received the full course of the planned
treatment, those who received less than 80% of the pre-
scribed drug dose or those for whom treatment response
information was not available were excluded from the
analysis. Patients who were co-infected with either HBV
or HIV or who had undergone liver transplantation were
excluded from the study. Moreover, patients who had
end-stage kidney disease, hepatocellular carcinoma or
decompensated liver cirrhosis, as defined by a Child-
Pugh score greater than 6, were also excluded from this
study. Informed consent was obtained from all patients
and approval for this study was obtained from the Ethi-
cal in Research Committee at the HU-UFRI.

Hepatitis C treatment - Patients were treated with
1.5 mcg/kg of PEG-IFN a-2b once per week and ad-
ministered RBV daily according to the inclusion and
exclusion criteria as previously described (Ghany et al.
2009). RBV doses were 1000 mg/day for patients up to
75 kg and 1.250 mg/day for those over 75 kg. The viral
load for all patients was determined prior to treatment
using real-time reverse transcription-polymerase chain
reaction (RT-PCR). The on-treatment viral kinetics were
also evaluated at weeks 4 and 12. The rapid virological
response was defined as an undetectable HCV-RNA at
the fourth week of treatment using real-time PCR (lower
limit of detection = 25 UI/L). The early virological re-
sponse (EVR) was defined as an at least two-log drop in
the viral load at week 12 compared to the pre-treatment
viral load level and the complete EVR (cEVR) was de-
fined as undetectable HCV-RNA at the 12th week of
treatment using real-time RT-PCR. When an EVR was
achieved, treatment was maintained for 48 weeks. Oth-
erwise, treatment was discontinued at the 12th week and
the patients were considered nonresponders.

IL28B genotyping - All patients were genotyped
for the rs12979860 and rs8099917 polymorphisms. Ge-
nomic DNA was extracted from peripheral blood using
a standard method for DNA precipitation by the addi-
tion of inorganic salts. The polymorphisms were geno-
typed using PCR with specific primers as follows: /L28B
1s8099917, 5°’-CCACTTCTGGAACAAATCGTC-3’ and

S’GATACGCTATAATTAAAGATGTGGGA-3" in 35
cycles at 94°C for 30 s, 54°C for 45 s and 72°C for 1 min
and IL28B rs12979860, 5’-TCGCCAGGGCCCCTAAC
CTCTGC-3” and 5’-CGCCCAGCAGGCGCCTCTC-
CTA-3’ in 35 cycles at 94°C for 30 s, 58°C for 45 s and
72°C for 1 min. The amplified products were sequenced
using the DYEnamic™ ET Dye Terminator Cycle Se-
quencing Kit for MegaBACE (Amersham Biosciences,
Sunnyvale, CA, USA).

Statistical analyses - The data were analysed using
SPSS 17.0 (SPSS for Windows, Chicago, IL). The categor-
ical variables are presented as numbers and percentages
and the continuous variables with a normal distribution
are presented as the means and standard deviations. Chi-
square and Fisher’s exact tests were used where appropri-
ate and p < 0.05 was considered statistically significant.

RESULTS

A total of 66 genotype-1 chronic hepatitis C patients
were included in this study and the IL28B rs12979860
and rs8099917 SNP genotypes were determined. The
baseline and on-treatment characteristics of the included
patients are shown in Table I.

Analysis of the rs12979860 polymorphism and HCV
treatment - The most prevalent rs12979860 genotype
was CT (44%), followed by CC (32%) and TT (24%)).
No association was observed among the pre-treatment
predictive factors of response and the genotypes of both
polymorphisms (Table IT). However, an association was
observed between cEVR and the CC genotype (Table II).
In addition, a significant association was also observed
between SVR and the CC genotype for rs12979860 (CC
=62% vs. CT =33% vs. TT = 18%; p = 0.016).

Analysis of the rs8099917 polymorphism and HCV
treatment - The most frequent rs8099917 genotype was
TT (48%), followed by GG (33%) and TG (19%). No as-

TABLE I

Baseline and on-treatment characteristics of the genotype-1
chronic hepatitis C virus (HCV) infected patients (n = 66)

Variable

Age (years) 53+£10
Male gender [n (%)] 38 (58)
BMI (Kg/cm?) 26+4
Abnormal ALT [n (%)] 46 (70)
Abnormal GGT [n (%)] 33 (50)
Cirrhosis [n (%)] 18 (27)
RVR [n (%)] 4 (6)
EVR [n (%)] 38 (58)
SVR [n (%)] 25 (38)

ALT: alanine aminotransferase; BMI: body mass index; EVR:
early virological response; GGT:gamma-glutamyl transpepti-
dase; RVR: rapid virological response; SVR: sustained viro-
logical response.
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sociation was observed between the pre-treatment or
on-treatment variables and the rs8099917 genotypes, as
shown in Table II. However, although no association was
observed between the rs8099917 genotypes and the viral
load and other viral kinetics variables, there was a sig-
nificant association between the TT genotype and SVR
(TT =53% vs. TG = 33% vs. GG = 18%; p = 0.032).

Analysis of the combined rs12979860 and rs8099917
genotypes and SVR - The merged frequencies of the com-
bined rs12979860 and rs8099917 genotypes are present-
ed in Table I1I. The highest frequency of SVR (79%) was
observed among patients with the rs12979860 CC geno-
type and the rs8099917 TT genotype. A lower frequency
of SVR was observed for the rs12979860 CC and TG
(66%) and the rs8099917 CT and TT (40%) genotypes,
which were the most frequently observed genotypes in
the population. As expected, the lowest frequency of
SVR (14%) was observed when the TT and GG geno-
types were present. No improved SVR prediction was
observed when the genotypes of the two polymorphisms
(rs12979860 with rs8099917) were combined.

DISCUSSION

The objective of this study was to determine the fre-
quency of two IL28B Jocus SNPs and their association
with SVR in Brazilian patients with chronic hepatitis C
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difference in frequency likely reflects the genetic back-
ground of the three ancestral populations (European, Af-
rican and Brazilian native Amerindian) that characterise
the Brazilian population (IBGE 2000, Silva & Moura-
Neto 2004). The genotype frequency of the rs8099917
polymorphism was also examined in our population. The
observed preponderance of the TT genotype is consis-
tent with previous studies of Japanese, Swiss, Australian
(Suppiah et al. 2009, Tanaka et al. 2009) and Brazilian
(Marabita et al. 2011, Cavalcante et al. 2012, Ferreira et
al. 2012) populations. According to the Human Haplo-
type Map project, only 15-19% of Caucasians carry the
rs8099917 minor allele. Remarkably, the GG genotype
was identified in 33% of Brazilian patients in the pres-
ent study, which was higher than previously described
in other countries. This result is consistent with the fact
that allele frequencies differ considerably (2-31%) in dif-
ferent ethnic groups (Lindh et al. 2010).

TABLE 111

Combined genotype frequencies of the interleukin (IL)28B single
nucleotide polymorphisms rs1297860 and rs8099917 (n = 66)

genotype-1 infections. This study also sought to evaluate 1s8099917
the predlct}ve value qf these SNPs for SVR in this popula- Rs12979860 TT TG GG Total
tion, showing that a single IL28B locus SNP (rs12979860) enotvhes n (%) n (%) n (%) n (%)
is sufficient to predict the HCV treatment outcome. £enotyp ’ ° ° ’

The rs12979860 CT genotype, followed by the CC 14 21) 365) 4(6) 21 (32)
genotype, was the most prevalent in this cohort of Bra- cT 10(15) 8(12) 11.(7) 29 (44)
zilian patients. Although these results are consistent with TT 8 (12) 1) 7011) 16 (24)
previous reports (Marabita et al. 2011, Cavalcante et al.
2012, Ferreira et al. 2012, Lunge et al. 2012), they differ 1., 32 (48) 12 (19) 233 66(100)
from others (Ge et al. 2009, Thompson et al. 2010). This

TABLE 11
Analysis of interleukin (IL)28B rs12979860 and rs8099917 genotypes and pretreatment,
on treatment characteristics and sustained virological response (SVR) (n = 66)

1L28B 1512979860 rs8099917
Variable CC CT TT p TT TG GG p
Age (years+SD) 512 56+2 53+3 0.30 512 56+2 53+3 0.30
Male gender (%) 50 67 64 0.47 50 67 64 0.47
BMI (Kg/cm?) 26+ 1 27+ 1 24+ 1 0.13 26+ 1 27+ 1 2541 0.13
High GGT (%) 33 57 68 0.14 44 58 57 0.47
High ALT (%) 75 67 81 0.56 72 67 79 0.54
Cirrhosis (%) 14 38 25 0.17 25 42 23 0.73
RVR (%) 5 7 0 0.54 6 9 0 0.45
EVR (%) 95 54 47 0.003 66 78 60 0.44
cEVR (%) 74 38 13 0.001 48 33 40 0.65
SVR (%) 62 31 19 0.016 53 33 18 0.032

ALT: alanine aminotransferase; BMI: body mass index; cEVR: complete early virological response; GGT: gamma-glutamyl
transpeptidase; RVR: rapid virological response; SD: standard deviation.
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No association was observed between both the
rs12979860 and rs8099917 polymorphisms and the base-
line characteristics of the population included in this
study. These results are consistent with previous reports
in which no association between the studied polymor-
phisms and fibrosis was observed (Marabita et al. 2011)
and differs from the results of Bochud et al. (2012), who
observed an association between the inflammatory re-
sponse and fibrosis. Other studies have described an as-
sociation between gamma-glutamyl transpeptidase and
the major rs8099917 genotype (Abe et al. 2010). Although
an association between SVR and gamma-GT levels has
been previously described (Villela-Nogueira et al. 2005),
in the present study, an association between this enzyme
and the IL28B polymorphisms was not observed. In ad-
dition, we demonstrated that the rs1297860 CC genotype
is associated with cEVR. A clear association between
SVR and the major C allele for rs12979860 and the major
T allele for rs8099917 was observed. These results are
consistent with previous studies (Ge et al. 2009, Suppiah
et al. 2009, Balagopal et al. 2010). The presence of the C
allele appears to influence the SVR; thus, it is possible
that the higher prevalence of the CT genotype observed
in this Brazilian cohort chronically infected with HCV
might contribute to the observed overall lower frequency
of SVR (38%) compared with the higher rates (40-50%)
observed in studies of American and European popula-
tions (Manns et al. 2001, Fried et al. 2002, McHutchi-
son et al. 2009). In a Brazilian population chronically
infected with HCV genotype-1, the rs8099917 polymor-
phism appears to be a good predictor of SVR, although
multicentre studies, including different Brazilian re-
gions, should be conducted. The genotype frequencies
of both the rs12979860 and rs8099917 polymorphisms
have been previously associated with SVR (Fukuhara et
al. 2010, Shebl et al. 2010, Tillmann et al. 2010). Finally,
although previous reports have shown that the combined
polymorphisms may increase the predictive value for
SVR (Fischer et al. 2012), no association with SVR was
observed in our population.

In conclusion, the genotyping of IL28B locus poly-
morphisms as predictive factors of the response to PEG-
IFN and RBV treatments was demonstrated in a Brazil-
ian population. As protease inhibitors gain in popularity
as HCV therapy, the implementation of IL28B genotyp-
ing in clinical practice in this population may help to
delineate health policies regarding the identification of
patients who might be treated without triple therapy. In
this setting, genotyping of the rs12979860 polymorphism
contributes to predicting patient treatment outcome.
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