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Background & Aims: Genetic variation in the interleukin 28B genotypes were observed in genotype 1- (33.9%), genotype 3-

(IL28B) gene has been associated with the response to inter-
feron-alfa/ribavirin therapy in hepatitis C virus (HCV) genotype
1-infected patients. The importance of three IL28B single nucleo-
tide polymorphisms (rs8099917, rs12980275 and rs12979860)
for HCV genotype 2/3-infected patients is unknown.
Methods: In patients with chronic hepatitis C genotype 2/3
(n = 267), IL28B host genotypes (rs8099917, rs12980275 and
rs12979860) were analyzed for associations with sustained viro-
logic response (SVR) to antiviral therapy with (pegylated) inter-
feron-alfa and ribavirin and with respect to epidemiological,
biochemical, and virological parameters. For comparison, hepati-
tis C genotype 1 patients (n = 378) and healthy controls (n = 200)
were included.
Results: The rs12979860 CC genotype, lower age, and genotype 2
were significantly associated with SVR in HCV genotype 2/3-
infected patients (p = 0.01, p = 0.03 and p = 0.03, respectively).
No association was observed for rs8099917 and rs12980275. In
addition, an SVR in patients with rapid virologic response (RVR)
was associated with the rs12979860 CC genotype (p = 0.05),
while for non-RVR no association was found. Furthermore, a sig-
nificant association with a higher baseline viral load was
observed for all three IL28B genotypes in genotype 1/2/3-infected
patients. Finally, increasing frequencies of the rs12979860 CC
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(38.9%), and genotype 2-infected (51.9%) patients in comparison
with healthy controls (49.0%) (p <0.01).
Conclusions: In genotype 2/3-infected patients, rs12979860 was
significantly associated with SVR. The frequency of the
rs12979860 CC genotype is lower in HCV genotype 1 vs. genotype
2/3 patients. All major IL28B genotypes are associated with HCV-
RNA concentration.
� 2010 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.
Introduction

Chronic hepatitis C virus infection is still a major cause for devel-
oping cirrhosis and hepatocellular carcinoma which often results
in liver failure and thus in liver transplantation. According to the
World Health Organisation, 180 million people are infected
worldwide and 3–4 million new infections per year were esti-
mated [1]. Up to now, the standard of care (SOC) treatment con-
sists of (pegylated) interferon-alfa and ribavirin. However,
depending on the viral genotype, treatment response rates differ
significantly among infected patients. While up to 80% of the
genotype 2 and 3 infected patients can be cured, the response
rate is only 40–50% in genotype 1 infections [2,3]. Virus-specific
characteristics (viral load, genotype, viral variants for example
within the interferon sensitivity determining region, ISDR) may
be responsible for these differences but also clinical parameters
(age, gender, BMI, fibrosis stage, liver enzymes) have been shown
to be associated with virologic response [4,5]. The impact of
genetic variation near the interleukin 28B (IL28B) gene for
response in HCV genotype 1 infected patients was shown
recently [6–9]. IL28B encodes interferon k-3 (IFN-k3) a cytokine
distantly related to type I interferons and the IL-10 family.
Together with interleukin 28A (IFN-k2) and interleukin 29 (IFN-
k1), IL28B forms a cytokine gene cluster on a chromosomal region
mapped to 19q13. Expression of the cytokines encoded by these
three genes can be induced by RNA virus infection [10].

While the association of the virologic response to (pegylated)
interferon-alfa/ribavirin combination therapy with IL28B variants
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in HCV genotype 1 infected patients was shown and confirmed in
several independent studies, little is known about the importance
of these IL28B polymorphisms for genotype 2 or 3 infected
patients [11,12].

In the present study, the three main IL28B single nucleotide
polymorphisms (SNPs), which had so far shown the strongest asso-
ciation with virologic response (rs12979860, rs8099917, and
rs12980275) in genotype 1 infected patients, were investigated
in HCV genotype 2/3 infected patients (n = 267) in correlation with
epidemiological, biochemical, and virological parameters as well
as in response to antiviral therapy with (pegylated) interferon-alfa
and ribavirin. For comparison, epidemiological IL28B genotype fre-
quencies in patients with chronic HCV genotype 1 infection
(n = 378) and healthy controls (n = 200) were investigated.
Methods

Patients

Consecutive patients infected with the HCV genotype 2/3 (n = 267; genotype 2,
n = 77; genotype 3, n = 190), who presented at tertiary hepatology referral centers
at University Hospitals in Frankfurt, Homburg/Saar, and Berlin between 1998 and
2008, were enrolled. Epidemiological, biochemical, and virological characteristics
of these patients are shown in Table 1. Antiviral therapy with known virologic
outcome was performed in 205/267 patients. The treatment consisted of standard
interferon-alfa 2a/b 3 million IU three times per week, pegylated interferon-alfa
2a 180 lg per week or pegylated interferon-alfa 2b 1.5 lg per kg body weight
and week in combination with ribavirin 600–1400 mg per day according to body
weight for 24–48 weeks. Sustained virologic response was defined as HCV RNA
negativity by a sensitive assay (detection limit <50 IU/ml) at least 24 weeks after
termination of antiviral therapy. Virologic relapse was defined as HCV RNA unde-
tectable at the end-of-treatment but positive thereafter and virologic non-
response as HCV RNA detectability throughout the entire therapy of at least
24 weeks. In addition, patients from an ongoing German multicenter study
(INDIV-2) [13] and a random sample of healthy volunteers (n = 200) were
enrolled for IL28B genotyping, as controls.

Race was obtained from patient charts based on self-definition. All patients
and controls in the present study were of Caucasian origin.

Analyses on viral load were limited to patients with available HCV RNA con-
centration at baseline before initiation of antiviral therapy. HCV RNA viral load
was measured by Cobas Amplicor Monitor 2.0, Cobas TaqMan HCV (Roche Diag-
Table 1. Epidemiological, biochemical, virological, and histological characteristics o

Age (years, mean ± SD)
Sex (male)
ALT (mean ± SD)
HCV RNA (log IU/ml ± SD)
HCV RNA
 <600.000 IU/ml
 ≥600.000 IU/ml
SVR*
Relapse*
Non-response*
METAVIR fibrosis stage
 F0-1
 F2
 F3-4

45.8 ± 11.3
194 (52.1%)
82 ± 60
5.6 ± 0.7

203 (55.3%)
164 (44.7%)
n.a.
n.a.
n.a.

227 (65%)
74 (21.2%)
48 (13.8%)

45.
145
78 
5.9

90 
139
160
25 
20 

72 
51 
52 

Variable GT1 (n = 378) GT

GT, genotype; SD, standard deviation; n.a., not available.
*Antiviral therapy with virologic response data is available in 205/267 genotype 2/3 pa
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nostics, Mannheim, Germany), Siemens Versant Quantitative bDNA 3.0 (Siemens
Diagnostics, Eschborn, Germany), or National Genetics Institute SuperQuant (NGI,
Culver City, CA, USA) assays.

HCV genotyping was performed by a reverse hybridisation assay (InnoLipa,
HCV assay vs1, Innogenetics, Zwijnaarde, Belgium).

Co-infection with hepatitis B virus (HBV) and human immunodeficiency virus
(HIV) was excluded in all patients by standard serological tests (HBs antigen, HIV-
1/2 antibodies).

Histological results of liver biopsies were classified by local pathologists at
the different study sites according to internationally standardized criteria. For
better comparison between the different local pathologists the individual fibrosis
stage was documented as stage 0–1, stage 2 or stage 3–4 (i.e., absence or minimal
fibrosis, moderate fibrosis, or advanced fibrosis/presence of cirrhosis).

The clinical studies were approved by local ethics committees. Written
informed consent was obtained from all patients and healthy controls and the
study was performed in accordance with provisions of the Declaration of Helsinki
and Good Clinical Practice guidelines.

DNA collection and extraction

Blood was collected into EDTA tubes. Genomic DNA was extracted using the
QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany) according to the manu-
facturer’s instructions. DNA quality was assessed by calculating the absorbance
ratio OD260nm/280nm using NanoDrop model ND-1000 (PeqLab, Erlangen).

IL28B genotyping

IL28B variants rs8099917T>G, rs12979860C>T and rs12980275A>G were diag-
nosed from whole blood samples using validated Pyrosequencing™ assays. Primers
for amplification were rs8099917: forward primer: 50-TCATCCCACTTCTGGAACA
AA-30 , reverse primer: 50-biotin-TGGGAGAATGCAAATGAGAGATAA-30; rs12979860:
forward primer: 50-ATTCCTGGACGTGGATGGGTACT-30 , reverse primer: 50-biotin-
GGAGCGCGGAGTGCAATT-30; rs12980275: forward primer: 50-GTCAGTGAAATAAGC
CAGTCTCAA-30 , reverse primer: 50-biotin-TACATTGTTCGGCAAGCAATCT-30 .Sequenc-
ing primers required for the detection of a short DNA sequence around the SNP of
interest were rs8099917: 50-TTTTCCTTTCTGTGAGC-30; rs12979860: 50-AGCTCCCCG
AAGGCG-30; and rs12980275: 50-GAAGTCAAATTCCTAGAAAC-30). Sequencing anal-
ysis took place on a PSQ 96 MA System using Pyrosequencing-specific enzyme mix,
substrate mix, and nucleotides (PyroMark™ Gold Q96 reagents set for SNP genotyp-
ing and mutation analysis; Qiagen GmbH, Hilden, Germany). The development of
IL28B genotyping assays is described in detail elsewhere [14]. Two samples of each
genotype per SNP were conventionally sequenced by an independent laboratory
(AGOWA GmbH, Berlin, Germany) and implemented as positive controls into all
local sequencing runs. Genotyping was performed at Frankfurt University Hospital
in a blinded fashion relative to the HCV genotype and treatment status.
f patients infected with HCV genotypes 1 and 2/3.

6 ± 10.7
 (54.1%)
± 73
 ± 0.7

(39.3%)
 (60.7%)
 (78.0%)
(12.2%)
(9.8%)

(41.1%)
(29.1%)
(29.7%)

51.4 ± 11.9
43 (56.6%)
63.5 ± 53.1
6.0 ± 0.7

21 (32.3%)
44 (67.7%)
51 (87.9%)
5 (8.6%)
2 (3.5%)

22 (46.8%)
10 (21.3%)
15 (31.9%)

43.3 ± 9.3
101 (53.4%)
84.3 ± 78.8
5.9 ± 0.7

69 (42.1%)
95 (57.9%)
109 (74.2%)
20 (13.6%)
18 (12.2%)

50 (39.1%)
41 (32.0%)
37 (28.9%)

2/3 (n = 267) GT2 (n = 77) GT3 (n = 190)

tients.
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Table 2. Predictors of sustained virologic response (IL28B rs12979860 CC genotype, age, sex, ALT, HCV RNA concentration, liver fibrosis) in genotype 2/3 infected
patients.

HCV genotype 2
rs12979860 CC vs. CT/TT
rs8099917 TT vs. TG/GG
rs12980275 AA vs. AG/GG
Lower Age
Sex
ALT
HCV RNA concentration
Fibrosis stage 

p = 0.03
p = 0.01
p = 0.37
p = 0.12
p = 0.03
p = 0.94
p = 0.10
p = 0.11
p = 0.04

p = 0.16
p = 0.13
p = 0.13
p = 0.07
p = 0.88
p = 0.92
p = 0.20
p = 0.09

p = 0.05
p = 0.91
p = 0.50
p = 0.02
p = 0.91
p = 0.11
p = 0.33
p = 0.11

p = 0.006 (OR 4.0; 95% CI 1.5, 10.7)
p = 0.009 (OR 2.8; 95% CI 1.3, 6.0)
n.a.
n.a.
p = 0.004 (OR 1.1; 95% CI 1.02, 1.1)
n.a.
n.a.
n.a.
n.a.

Predictor

GT2/3 GT2 GT3

Univariate nonparametric analysis Multivariate logistic regression

Odds ratios are for age (per year), HCV genotype (3 vs. 2), rs12979860 (CT/TT vs. CC). n.a., not applicable, because only parameters which were significant in GT2/3 patients
and additionally in GT2 or in GT3 patients, when analyzed separately, were included in the multivariate analysis.
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Statistical analysis

Predictors for sustained virological response were assessed by univariate and
multivariate logistic regression analysis. Multivariate analysis included all signif-
icant parameters from univariate analysis as well as the parameters which were
available from all patients. Differences between groups were assessed by v2 test
and Wilcoxon–Mann–Whitney U test as appropriate. The Yates-Cochran-Test was
used to determine the association between IL28B, the rs12979860 CC genotype,
SVR, and rapid virologic response. The Hardy–Weinberg equilibrium was assessed
with an exact conditional test implemented in the hwde package version 0.61 of R
(R Foundation for Statistical Computing, Vienna, Austria). All tests were two-sided
and p-values below 5% were considered significant.

For correlation with virologic response, all 205 HCV genotype 2 or 3 patients
were included in the analysis with 160 SVR and 45 non-SVR patients. According
to a power analysis, we were able to detect a difference of at least 25% in the prev-
alence of the CC genotype with a power of at least 87.5%.
Results

Association of IL28B genotypes with virologic response to PEG-IFNa
and ribavirin therapy in HCV genotype 2/3 infected patients

Clinical characteristics of HCV genotype 2/3 infected patients are
shown in Table 1. In 205/267 patients antiviral combination ther-
apy with (pegylated) interferon and ribavirin was completed and
the virologic treatment outcome was known. From the known
parameters associated with sustained virologic response, in the
present study only age (p = 0.03), genotype 2 (p = 0.03), and fibro-
sis stage (p = 0.04) were significant, while sex, ALT, and HCV RNA
concentration at baseline were not associated with sustained
virologic response (Table 2). Fig. 1A–C show the IL28B genotyping
results of patients with chronic hepatitis C genotype 2/3 infection
for the three SNPs related to virologic response.

Statistical analysis identified rs12979860 as being significantly
associated with virologic response to (PEG)-IFNa/ribavirin treat-
ment in HCV genotype 2 and 3 infected patients (p = 0.01). Rates
of sustained virologic response, relapse, and non-response were
78%, 12%, and 10%, respectively in the entire cohort of genotype
2/3 infected patients. For patients with the rs12979860 CC geno-
type a higher SVR rate (87.4%) was observed in comparison with
CT and TT genotypes (70.7% and 73.1%) (Fig. 1A). For virologic
relapse, a variable association with the different rs12979860 geno-
types was observed (Fig. 1B). The most pronounced difference was
observed for virologic non-response. Only 3.4% of patients with the
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CC genotype vs. 13.0% and 19.2% with the CT and TT genotypes,
respectively, were virologic non-responders (Fig. 1C).

Due to the high SVR rates obtained in genotype 2/3 infected
patients, the sensitivity for prediction of a sustained virologic
response in patients with the rs12979860 CC genotype vs. the
CT/TT genotype was only 47.5% (47.5% of all SVR patients had
the rs12979860 CC genotype, Fig. 2), while a high specificity for
the exclusion of non-response in patients with the rs12979860
CC genotype with 85.0% (85.0% of non-responders had
rs12979860 CT/TT genotypes) was observed (Fig. 2).

The rapid virologic response (RVR) rates for the rs12979860 CC,
CT, and TT genotypes were 87%, 77%, and 64%, respectively, but
this failed to be statistically significant (p = 0.17). For SVR in
patients who achieved an RVR, a significant correlation with
the rs12979860 genotype was observed (p = 0.05), while for SVR
in non-RVR patients no association was found (p = 0.48) (Fig. 4).

Genome-wide association studies also described the
rs12980275 and rs8099917 genotypes as predictive for treatment
outcome in HCV genotype 1 patients. In the present study, in
genotype 2/3 infected patients with the favorable genotypes
(rs8099917 TT and rs12980275 AA) high SVR rates of 80.5% and
83.9%, but also in the unfavorable genotypes (rs8099917 GG
and rs12980275 GG) high SVR rates of 87.5% and 80.0% in com-
parison with 78.0% in the overall cohort, were observed
(Fig. 1A). The unfavorable genotype (rs8099917 GG and
rs12980275 GG) was more rarely associated with virologic
relapse. Furthermore, a trend towards lower frequency of the
genotypes rs8099917 TT and rs12980275 AA was observed in
non-responder patients (Fig. 1B and C). However, in the present
study, for genotype 2/3 infected patients, no statistically signifi-
cant association between the IL28B rs8099917 and rs12980275
genotypes with virologic response, was observed.

Multivariate analysis revealed that lower age, HCV genotype
2, and the rs12979860 CC genotype were significantly associated
with sustained virologic response (Table 2).

Association of the IL28B genotype with ALT, HCV RNA concentration
and fibrosis

In addition to an association with virologic response, the IL28B
genotypes could also be related to biochemical, virological, and his-
tological parameters. ALT levels, HCV RNA concentration at base-
1 vol. 54 j 415–421 417



0%

20%

40%

60%

80%

100%

rs12979860

CC CT TT TT TG GG AA AG GG

CC CT TT TT TG GG AA AG GG

CC CT TT TT TG GG AA AG GG

rs8099917 rs12980275

rs12979860 rs8099917 rs12980275

rs12979860 rs8099917 rs12980275

SV
R

 [%
] 

0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

R
el

ap
se

 [%
]

0%

5%

10%

15%

20%

25%

N
R

 [%
]

GG/GG/TTGA/GT/TCAA/TT/CC

CC/TT/AA CT/TG/GG TT/GG/GG

CC/TT/AA CT/TG/AG TT/GG/GG

87.4%
80.5% 83.9%

70.7% 73.5% 72.8%73.1%

87.5%
80.0%

9.2%

11.7%
10.3%

16.5%
14.7% 15.2%

7.7%

0.0%

8.0%

3.4%

7.8%
5.7%

13.0% 13.0% 12.9%

19.2%

12.5% 12.0%

Fig. 1. Association of the IL28B genotypes with (A) sustained virologic
response (SVR), (B) relapse, (C) non-response (NR) to (pegylated) interferon-
alfa and ribavirin in HCV genotype 2/3 infected patients.
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Fig. 2. Frequency of rs12979860 CC genotype in HCV genotype 2, genotype 3,
and genotype 2/3 infected patients and association to different treatment
outcomes (SVR, Relapse, Non-response).
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Fig. 3. Frequencies of the IL28B rs12979860 CC genotypes in HCV genotype 1,
2, and 3 infected patients compared to healthy controls.
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line and the fibrosis stage were correlated with the IL28B SNPs
rs12979860, rs8099917, and rs12980275. For higher ALT values,
a significant association was observed for the rs12979860 CC geno-
type in HCV genotype 2/3 infected patients and for the rs12980275
418 Journal of Hepatology 201
AA genotype in HCV genotype 1 infected patients. In addition, for
the remaining major IL28B genotypes, we observed a trend towards
increased association with higher ALT levels (Table 3). A higher
HCV RNA concentration was significantly associated with the TT
genotype of rs8099917, the CC genotype of rs12979860, and the
AA genotype of rs12980275 for HCV genotype 1 and genotype 2/
3 infected patients (Table 3). Finally, the rs8099917 TT genotype
was significantly associated with a higher fibrosis stage in HCV
genotype 1 infected patients (Table 3).

Frequencies of the IL28B genotypes in HCV genotype 2, 3 compared
with HCV genotype 1 and healthy controls

Frequencies of the IL28B genotypes in HCV genotype 1, 2, and 3
infected patients as well as healthy controls are shown in Table 4.
There were no significant deviations from the Hardy–Weinberg
equilibrium (p >0.10). In the present study, only the
rs12979860 CC genotype was associated with virologic response
in genotype 2/3 infected patients. For genotype 1 infected
patients, a lower frequency of the rs12979860 CC genotype in
comparison with the healthy control was reported previously
[6] and this could be confirmed in the present study (genotype
1, 33.9% vs. healthy control, 49%). Interestingly, for the HCV geno-
1 vol. 54 j 415–421
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Fig. 4. Correlation of the IL28B rs12979860 genotype with (A) RVR, (B) SVR in
RVR patients and (C) SVR in non-RVR patients infected with HCV genotype 2/3.
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type 2/3 patients, an intermediate frequency of the rs12979860
CC genotype (42.7%) was obtained (Table 4, Fig. 3). The difference
between HCV genotype 1 infected patients and healthy controls
had a high level of statistical significance (p <0.001), while the
difference between control subjects and HCV genotype 2/3
patients was not significant (p = 0.116). Separate analysis of
genotype 2 and 3 infected patients showed that a significant dif-
ference is present between genotype 1 and 2 (p = 0.045), but not
for genotype 1 and 3 (p = 0.43) infected patients, for the fre-
quency of the rs12979860 CC genotype (33.9%, 51.9%, 38.9%)
(Fig. 3).
Table 3. Correlation of biochemical, virological, and histological parameters of ge
genotypes.

Higher ALT
Higher HCV RNA concentration
Higher fibrosis stage

0.065
<0.001
0.173

0.011
<0.001
0.850

Variable

GT1 P GT2/3 P

rs12979860
CC vs. CT/TT

Calculation is based on genotype 2/3 and genotype 1 infected patients with available d
A significant association of higher ALT values was observed for rs12980275 AA genotyp
genotype 2/3 infected patients. A higher HCV RNA concentration was observed for rs80
infected patients. A higher fibrosis stage was associated with rs8099917 TT genotype in H
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Discussion

Parameters for the prediction of sustained virologic response in
patients with chronic hepatitis C before initiation of antiviral
therapy are important in order to be able to estimate the poten-
tial for treatment success. They can help clinicians in the decision
on whether or not to start antiviral therapy and this information
can also motivate patients who might have a high chance for
virologic response. Different studies have shown that HCV geno-
type, HCV RNA concentration, age, gender, BMI, fibrosis stage,
alanine aminotransferase (ALT), and gamma glutamyltranspepti-
dase (GGT) levels, insulin resistance as well as host genetic poly-
morphisms of several genes (HLA, chemokines, interleukins and
IFN-stimulated genes) are associated with sustained virologic
response [4,5,15,16]. However, in clinical practice guidelines only
the HCV genotype and HCV RNA concentration at baseline are
currently recommended to be used in order to determine treat-
ment duration in response to guided therapy approaches [17–
19]. Most recently, three genome wide association studies
reported associations of different SNPs in IL28B (interferon
lambda gene region) with response to antiviral therapy [6–8].
Here, in HCV genotype 1 infected patients a highly significant
correlation of sustained virologic response to interferon-alfa/
ribavirin combination treatment was observed with the geno-
types rs12979860 CC, rs8099917 TT, and rs12980275 AA. In the
present study, the importance of these three major IL28B SNPs
for European patients with HCV genotype 2/3 infection was
investigated.

The main result of this study is that in genotype 2/3 infected
patients only a significant association of the rs12979860 CC geno-
type with SVR was observed. This is in line with a recent study on
a relative small cohort of genotype 2/3 infected patients (n = 45)
by McCarthy et al., in which only rs12979860 was investigated
and also found to be associated with SVR [12]. Because of the
high SVR rates of genotype 2/3 infected patients to interferon-
alfa/ribavirin combination therapy, differences among patients
with and without the rs12979860 CC genotype were much smal-
ler than in genotype 1 patients. Ge et al. reported a twofold
greater rate of SVR for the rs12979860 CC genotype in compari-
son with the TT genotype [6], while in the present study 87.4%
of patients with the rs12979860 CC genotype vs. 73.1% of patients
with the TT genotype achieved an SVR. Because of the high natu-
ral SVR rates of genotype 2/3 infected patients, differences
between the rs12979860 CC vs. the non-CC genotype patients
became more evident for virologic non-response. Only 47.5% of
all patients with SVR had the rs12979860 CC genotype but 85%
of patients with virologic non-response had CT or TT genotypes.
notype 1 (n = 371) and 2/3 (n = 241) infected patients with different IL28B

0.095
<0.001
0.032

0.077
0.017
0.802

0.030
<0.001
0.137

0.066
<0.001
0.589

GT1 P GT2/3 P

rs8099917
TT vs. TG/GG

GT1 P GT2/3 P

rs12980275
AA vs. AG/GG

ata on ALT, HCV RNA concentration and fibrosis stage.
e in HCV genotype 1 infected patients and for rs12979860 CC genotype in HCV

99917 TT, rs12979860 CC, and rs12980275 AA genotypes in genotype 1 and 2/3
CV genotype 1 infected patients only. Data are not corrected for multiple testing.
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Table 4. Frequencies of IL28B genotypes in patients with HCV genotype 1, 2, 3 infection and healthy controls.

rs12979860
 CC
 CT
 TT
rs8099917
 TT
 TG
 GG
rs12980275
 AA
 AG
 GG

128 (33.9%)
191 (50.5%)
59 (15.6%)

216 (57.1%)
143 (37.8%)
19 (5.0%)

140 (37.0%)
185 (48.9%)
53 (14.0%)

114 (42.7%)
122 (45.7%)
31 (11.6%)

169 (63.3%)
88 (32.9%)
10 (3.8%)

116 (43.4%)
122 (45.7%)
29 (10.9%)

40 (51.9%)
29 (37.7%)
8 (10.4%)

53 (68.8%)
22 (28.6%)
2 (2.6%)

44 (57.1%)
27 (35.1%)
6 (7.8%)

74 (38.9%)
93 (48.9%)
23 (12.1%)

116 (61.1%)
66 (34.7%)
8 (4.2%)

72 (37.9%)
95 (50.0%)
23 (12.1%)

98 (49.0%)
85 (42.5%)
17 (8.5%)

138 (69.0%)
60 (30.0%)
2 (1.0%)

105 (52.5%)
82 (41.0%)
13 (6.5%)

GT1 (n = 378) GT2/3 (n = 267) GT2 (n = 77) GT3 (n = 190) Healthy controls (n = 200)
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In addition, SVR in patients who achieved an RVR was signifi-
cantly associated with the rs12979860 CC genotype.

Generally, the separate analysis of genotype 2 and 3 infected
patients in the present study showed a significant association
of the IL28B rs12979860 genotype only in genotype 3 infected
patients. However, this might be due to the larger number of
genotype 3 patients together with the rare event of virologic
relapse or non-response in genotype 2 patients. For all single
parameters (SVR, RVR, and HCV RNA concentration), and also
for genotype 2 infected patients with the rs12979860 CC vs. CT/
TT genotype, a trend towards higher SVR and RVR rates as well
as higher HCV RNA concentrations at baseline was observed
and p-values increased in the combined analysis together with
HCV genotype 3 infected patients (data not shown).

For the other two IL28B SNPs we studied, rs8099917 and
rs12980275, no significant association with virologic treatment
response was observed. Investigation of a comparable number
of genotype 2/3 infected patients in a study by Rauch et al. also
showed no correlation between the rs8099917 genotype and
virologic response to pegylated interferon/ribavirin combination
therapy [11]. In the present study, only a slightly reduced fre-
quency of the genotypes rs8099917 TT and rs12980275 AA in
comparison with carriers of the risk alleles (rs8099917 TG/GG
and rs12980275 AG/GG) in patients with non-response was
detected and it remains unclear whether in a larger patient
cohort this association might become significant.

In addition, an association of the major IL28B genotypes with
higher baseline HCV RNA concentration in genotype 1 infected
patients is known from previous studies. Interestingly, in the
present study for all three IL28B SNPs, a highly significant associ-
ation with higher baseline viral loads was observed in genotype
2/3 as well as in genotype 1 infected patients carrying the geno-
types rs12979860 CC, rs8099917 TT, and rs12980275 AA. Usually
a lower baseline viral load is associated with a higher chance of
SVR and it remains unclear why here the same IL28B genotype
is associated with SVR and higher viral load. Furthermore, a trend
towards higher ALT levels was observed in carriers of the
rs12979860 CC genotype in HCV genotype 2/3 patients and in
carriers of the rs12980275 AA genotype in HCV genotype 1
infected patients. In addition, a trend towards higher fibrosis
stages in HCV genotype 1 infected patients was seen with the
420 Journal of Hepatology 201
rs8099917 TT genotype. Generally, it is possible that the IL28B
genotypes are also associated with inflammatory activity and
fibrosis stage. However, genotype 2 and 3 patients in the present
study were not completely balanced for the frequency of different
fibrosis stages and larger patient populations are required to
prove this potential association.

An interesting finding from a previous study describes a
strong association between the rs12979860 CC genotype with
the resolution of acute HCV infection in comparison to those
who developed chronic hepatitis C [9]. This implies that an unfa-
vorable IL28B rs12979860 genotype may predispose patients to
chronic HCV infection [8]. The favorable rs12979860 CC genotype
seems to be protective against the development of chronic hepa-
titis C and thus in patients who did not clear the virus spontane-
ously, non-favorable rs12979860 genotypes are enriched.
However, this may be different according to different HCV geno-
types. In the present study, the frequency of the rs12979860 CC
genotype in healthy controls was 49.0%. However, in patients
with chronic hepatitis C, different rs12979860 CC genotype fre-
quencies according to different HCV genotypes were observed.
The lowest frequency of the favorable rs12979860 CC genotype
for SVR was detected in genotype 1 infected patients (33.9%), fol-
lowed by genotype 3 patients (38.9%) and genotype 2 patients
(51.9%). For chronic hepatitis C, the lowest SVR rates are observed
in genotype 1 infected patients while for genotype 3 patients,
higher SVR rates are observed and the highest SVR rates can be
seen in genotype 2 infected patients [20–22]. Thus, the different
SVR rates seen in the different HCV genotypes might be in part
explained by different rs12979860 CC genotype frequencies. In
a recent study by McCarthy et al., lower rs12979860 CC genotype
frequencies in genotype 1 vs. genotype 2/3 infected patients were
also observed. However, in this study, the rs12979860 CC geno-
type frequencies were higher in genotype 3 vs. genotype 2
infected patients [12]. Thus, additional studies are required to
estimate the differences between IL28B genotype frequencies in
patients with different HCV genotypes. Furthermore, the underly-
ing functional mechanisms for the development of chronic hepa-
titis C with different HCV geno- and subtypes in the presence of a
specific IL28B genotype needs to be elucidated.

In conclusion, the rs12979860 CC genotype but not the
rs8099917 and rs12980275 genotypes was significantly associ-
1 vol. 54 j 415–421
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ated with sustained virologic response to (pegylated) interferon-
alfa/ribavirin combination therapy in genotype 2/3 infected
patients. All three major IL28B genotypes previously observed
to be associated with sustained virologic response and HCV
RNA concentration in genotype 1 infected patients are also asso-
ciated with HCV RNA concentration in genotype 2/3 infected
patients. In addition to a correlation with virologic response
and viral load, IL28B genotypes may also contribute to the grade
of inflammation and the stage of liver fibrosis. Finally, a correla-
tion between the frequencies of the rs12979860 CC genotype
with SVR rates in genotype 1-, 2- and 3-infected patients was
observed which needs further investigation.
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