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Abstract. Hepatitis C infection is a global health problem. Spontaneous viral clearance was ob-
served in approximately 30% of individuals with acute infection. In the therapy using a combina-
tion of pegylated interferon-a and ribavirin, approximately 50% of chronic hepatitis C patients
infected with high viremia of hepatitis C virus infection (HCV) genotype | reached a sustained
viral response. These findings were strongly expected to reflect variations of the host genome. To
reveal genetic effects against viral clearance or treatment response, four independent groups ap-
plied a genome-wide association study (GWAS) to HCV infection. These groups almost simulta-
neously reported a strong association of interleukin (11)-28B polymorphisms with viral clearance
or final decision of HCV therapy. The discovered single nucleotide polymorphisms (SNPs) also
revealed the enigma that the viral clearance rate was dependent on ethnic type. The significant
SNPs are useful for prediction prior to treatment because of the strong association with clinical
outcome. In addition, the unexpected results revealed by GWAS could promote the development
of a novel drug related to 1L-28B. Herein. we present current understanding in regard to the rela-
tionship between host variations and clinical outcome of hepatitis C.

Keywords: hepatitis C virus, genome-wide association study. interleukin-28. interfcron-A,
single nucleotide polymorphism, liver disease

1. Introduction

Chronic infection with hepatitis C virus (HCV) pres-
ents a significant health problem worldwide with ap-
proximately 3% of the world population, that is, more
than 170 million people. Only 20% - 30% of HCV-in-
fected individuals recover spontancously. The remaining
70% — 80% going on to develop chronic infection have a
significant risk for progressive liver fibrosis and subse-
quent liver cirrhosis (LC) and hepatocellular carcinomas
(HCC) (1). Successful treatment of chronic hepatitis C
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would reduce the morbidity and mortality of patients
because around 8% of patients progressing to LC will
develop HCC annually (2).

Spomaneous clearance following acute infection oc-
curs in some cases for reasons that remain unclear, and
previous studies report that 50% - 85% of patients prog-
ress o chronicity. The relationship between race and
spontancous viral clearance following acute infection
have been reported (3 — 6). These characteristics based
on cthnic types would suggest the effect of a host genetic
factor on HCV infection.
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2. HCV treatment and the response

The current standard of care for the HCV infections
comprises pegylated interferon (PEG-1FN}-« 2a or 2b
plus ribavirin (RBV). Successful trcatment. termed
“sustained virological response (SVR)", was defined by
an HCV RNA negative after 6 months of completing
therapy. whereas a transient viral response (TVR) was
defined as a reappearance of HCV RNA in serum after
reatment was discontinued in a patient who had unde-
tectable HCV RNA during the therapy or on completion
of the therapy (Fig. 1). A non-viral response (NVR) was
defined as cases with detectable viremia afier and during
treatment. The standard therapy is effective in only
42% - 52% of patients with HCV genotype 1 in the US
and Europe (7 - 9). A significant difTerence in response
1o PEG-IFN&RBYV therapy between ethnicities were re-
ported: the SVR achievement of African Americans was
only approximately 20% ~ 28% compared to 40% - 52%
in Caucasian patients with genotype 1 infection (10 - 12)
and 57% vs. 82% for genotype 2/3 (13). The current
therapies are limited by expensive. incffectiveness in part
of the patients, and numerous potentially severe side ef-
fects, which cause dose reduction and/or premature ter-
mination of treatment. Additionally. premature with-
drawal from IFN-based therapy (14) was necessary for
10% — 14% of the patients. leading to failure of the HCV
therapy.

Treatment Follow up
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Fig. 1. Represemtative changes of HCV viral load in patients treated
with PEG-IFN&RBYV combination therapy. The response type under
the therapy of PEG-IFN&RBV is divided inte three groups: SVR,
TVR, or NVR. SVR s defined as successiul treatment. which is HICV
RNA negative after 6 months of completing therapy. TVR is defined
as a transiently negative for HCV RNA during treatment. However,
after the end of therapy, HCV RNA of the patients reappears with
impaired biver function in TVR. NVR 1s defined as a constitutive high
viremia during and afler treatment. SVR. sustained viral response,
TVR. transicnt viral response: NVR, non-viral response
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3. Viral factors associated with HCV therapy

To prevent treatment failure in such patients, we must
identity the predictive factors Icading 10 treatment failure
as well as production of severe side effects in the clinic.
Previous studies have reported that viral titer. mutations.
or gene expression levels of innate immunity could be
prediction factors for NVR using clinical specimens of
chronic hepatitis C patients. Several viral factors such as
genotype 1 (HCV-1). high baseline viral load, viral kinet-
ics during treatment, and amino acid pattern in the IFN
sensitivity—determining region have been found to be
significantly associated with the outcome by a number of
independent studies (15 — 17). Accumulated data have
provided strong evidence that approximately 20% of
patients with HCV genotype 1 have NVR to PEG-
IFN&RBV. The reliable prediction for NVR would allow
avoidance of side effects and reduce the cost of treatment
in the 20% of patients with HCV-1 before starting the
treatment.

4. Host facters associated with response to PEG-
IFN&RBY therapy

Several host factors related to viral clearance have
been reported based on clinical features or laboratory
data, for example. gender, age <40 years, low HCV RNA
level prior to treatment. lack of liver cirrhosis, and HCV
genotypes 2/3 (18, 19). As for host genetic factor, candi-
date gene approaches have been adopted to identify host
factors related to clinical outcomes. single nucleotides
polymorphisms (SNPs), copy number variation (CNV),
or insertion/deletion of genes. The approach could la-
tently find weak associations and show significant differ-
ences because only one or a limited number of SNPs or
gene loci are detected in candidate genes. The focused
approach, however, contains the restraint to detect crucial
factors. In detail, the selection of candidate regions for
genetic study depends on the researcher’s knowledge or
the present data of the gene pathway'.

In contrast. a recent genome-wide association study
(GWAS) approach using high-throughput genotyping
technology usually for SNPs, ranging from 300.000 to
900,000 SNPs in each sample. is able to detect strong
association factors affecting disease susceptibility and
drug response without any a-priori hypotheses on caus-
ative SNP’s apart from the hypotheses (20, 21). On the
basis of the GWAS, four independent groups assessed
the role of genetic variation on response to PEG-
IFN&RBYV combination therapy for chronic hepatitis C
paticnts, and the data was reported in a short-term
(21 - 24). In all cases. the conclusive finding was that
polymorphisms in or near the /L-288 gene strongly de-
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termined the outcome of HCV therapy.
5. Study design of four studies for GWAS

Ge et al. and Suppiah et al. studied genetic variants
associated with SVR 10 PEG-IFN&RBYV therapy in indi-
viduals infected with HCV genotype 1 (21, 22). The
former examined genetic factors associated with treat-
ment response in patients from the IDEAL trial (Individu-
alized Dosing Efficacy vs. flat dosing to Assess optimal
pegylated interferon therapy) (25), a large randomized
controlled trial involving Caucasian, American-African,
and Hispanic individuals in North America (n=1137)
(Table 1). The latter study group analyzed Caucasians
consisting of 293 Australian individuals (Northern
European ancestry} with HCV genotype 1 and also vali-
dates an independent replication cohort consisting of 355
Europeans from the UK. Germany, ltaly. and Australia.
These two study groups mainly investigated GWAS in
Caucasians and analyzed host factors associated with
SVR.

Tanaka et al. studied host factors associated with the
response to PEG-IFN&RBYV treatment in 142 Japanese
patients with chronic hepatitis C of HCV genotype 1 for
GWAS and prepared an independent replication cohort
of 172 Japanese (Table 1) (24). In this study. patients
were divided into three groups. SVR. TVR. or NVR.
NVR vs. virological responder (VR) consisting of SVR
and TVR was used for the predication of NVR factors.
The data set of SVR vs. non-SVR (TVR and NVR) was

constructed to discover the host factor related 10 SVR
(Fig. 1).

Rauch et al. investigated 465 Caucasians infected with
HCV genotypes |, 2. 3. or 4 10 reveal genetic variations
associated with response to the combination therapy (23).
A case control study was designed to detect genetic varia-
tions related to SVR in European individuals. Three
study groups. except Suppiah et al.. selecied patients re-
ceiving at least 80% of the recommended treatment dose
to emphasize genetic associations.

6. ldentification of strongly significant SNPs associ-
ated with PEG-IFN&RBY therapy

Ge et al. identified a genetic polymorphism
{rs12979860) near the /L-288 gene on chromosome 19,
also known as IFN-43 (Fig. 2). Individuals with the CC
genotype showed the association with an approximately
two-fold change in response to PEG-IFN&RBV treat-
ment compared with those with the TT genotype. both
among paticnts of European ancestry (£ = 1.06 = 10™°)
and African-Americans (P = 2.06 x 107"). An important
finding in the study is the strong correlation between
being a carrier of this SNP and SVR rates in diverse
ethnic groups. which is significantly more frequent in
European-Americans and Asian populations than in Af-
rican-Americans. Approximately 23% — 55% of Africans
(<40% of African-Americans) carry advantageous C-
allcle frequency of rs12979860., compared with approxi-
mately 53% - 85% of Europeans (<70% of European-

Tabte 1. Four GWAS groups studying host factor related to the response to HCV therapy

Study (Ref No.)

Geetal (22)

Suppiah et al. 21)

‘Fanaka ¢t al. (24)

Rauchetal. 23)

Region Northem America Northern Europe, Australia  fapan

Ancestry Caucasin/ Africon/ Hispanic  Caucasian Japanese

GWAS size 8717191/ 75 293 142

Replication No replication 355 172

Case/ control SVR vs. non-SVR SVR vs. non-SVR gm’sl:can;iv;t{va
Over 80% adherent 1o Over 80% adherent o

Adherence PEG-IFN&RBY during Not controlled PEG-IFN&RBY during
the (irst 12 weeks ol therapy the first 12 weeks of therapy

HCV genotype | 1 1

Significant SNPs  x12979860 8099917 rs8099917

P value 1.37 % 107 9.25 x 107 1.18 x 107"

OR (95% (D 247 1.98(1.37-2.52) 12.1¢6.5-224)°

Platform Ilumina6 10-quad MuminaCNV370-quad Affymetrix SNPs 6.0

Switzerland
Caucasian
465

No replication
SVR vs. non-SVR

Over 80% adherent to
PEG-IFN&RBY duning

the first 12 weeks of therapy
1.2.3,4

8099917

3t x 10"

5.19(29-93)

Illumina Human IM-duo,
Human Hap550/
Human610W-quad

*The combined value in the study in comparison with SVR vs. non-SVR.

-98 -
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Chr 19

rs12979860

rs8099917

Fig. 2. /L-2856 gene and SNPs location in chromosome 19 Four in-
dependent GWAS discovered SNPs strongly associated with the re-
sponse 0 PEG-IFN&RBV therapy around /£-288 1n chromosome 19
Ge et al (22) reported 512979860 as a strongly associated SNP,
whereas Suppinh et al (21, Tanaka et al, (24), and Rauch ctal (23)
detected a stauistical difference on rs8099917. These 2 SNPs are in
strong linkage disequilibrium becanse these locr are very near to cach
other The mterferon lambda fanuly consists o [1-29 (IFN-=i1). /1.-
INAUEN-22) and JL-28B (1FN-43), winch are induced by tvpe TIFN,
or bactersal and viral infection

Americans) and approximately 90% of Chinese and
Japanese. Ge et al. showed that the SVR rates across
different population groups displayed a striking concor-
dance with the C-allele frequency. This SNP explained
about half of the difference in response rates between
African-Americans and Europeans,

Suppiah et al. and Tanaka et al. revealed the strong
association of particular haplotypes ot SNPs around /L-
288 in the population of PEG-IFN&RBV therapy. The
most  significant SNPs in both study groups was
rs8099917 (8 kb upstream of /L-288) associated with
SVR in European and Japanesc patients (Fig. 2). Suppiah
et al. also identified the association of rs8099917 in
European ancestry with HCV genotype | based on the
determination of SVR factors (combined 7+ 925 = 1077,
OR = 198, 95% CI = .57 - 2.52) (21). Homozygotes
for the risk allele (rs8099917 G-allele) showed 2-fold
higher risk of treatment failure than that of major allele
homozygotes. In the gene expression assay, the minor

allele of rs8099917 tended to suppress mRNA levels of

1L-284/8.

lanaka et al. identified several SNPs significantly as-
sociated with NVR to PEG-IFN&RBVY therapy in the
GWAS and the replication study. All significant SNPs
were located near the /L-288 locus on chromosome 19,
The SNPs. rs12980275 or rs8099917, validated in an
independent replication cohort showed the strongest as-
sociation (combined 72 2.84 - 107" and 2.68 ~ 10 *;
OR = 17.7,95%CIl = 10.0 - 31.3: OR = 27.1.95% (I
4.6 - 50.3. respectively) (24). Interestingly, the minor
alleles of the SNPs were accumulated in NVR (minor
allele frequency of NVR = 74.3% for rs12980273 and

- 99 .-

75.0% for rs8099917). Multivariate analyses containing
genetic and clinical factors revealed that rs8099917 was
the strongest predictor for response to therapy (7 =
0.0001, OR = 37.68.95% CI - 16.71 -~ 8§3.85).

Ihe fourth GWAS was published on the response to
HCV therapy. Rauch et al. studied patients infected with
HCV genotype 1.2, 3. or 4 (23). Rauch et al. also identi-
fied several SNPs around the /L-28B gene on chromo-
some 19 (Fig. 2). The strongest association with treatment
failure was found with rs8099917 (/2 3.01 - 107",
OR -~ 5.19). Interestingly, rs8099917 did not associate
with the response to PEG-1FN&RBV therapy in genotype
2 or 3 patients. The contribution of host factors to geno-
type 2 or 3 clearance would be low because HCV geno-
type 2 or 3 is likely to be eliminated by the standard
therapy compared with genotyvpe 1. In individuals in-
fected with HCV genotypes 1 and 4. the SVR rate of the
patients harboring the minor allele was 28%. whereas
that of the major allele homozygotes reached 63%.
However. patients infected with genotypes 2 or 3 showed
high viral response rate. approximately 80%, without
statistical significance between the patients and the
control.

7. The influence of genetic background on the statisti-
sal analysis

For the prediction of SVR. OR of the Japanese popula-
tion was much higher than that of the other populations
(Table 1), Individuals harboring the risk allele of
rs8099917 or rs12979860 was approximately 10% in
Asia. whereas the risk allele frequency was generally
over 20% in European Caucasians. Moreover. individu-
als with the risk allele were the major population in indi-
viduals with African ancestry. The differences of allele
frequency might explain, in part, the observed discrep-
ancy in the response rate of viral clearance and the statis-
tical power between racial groups.

Tanaka ct al. extracted the data ot TVR patients to ana-
Iy ze the genetic background. The minor allele frequency
(MAF) of the strongly associated SNPs (rs8099917. lo-
cated in the intergenic region between /L-28-4 and /L-
288) in TVR was similar to that of the SVR population
(Fig. 3) (24). The statistical analysis for SVR prediction
(SVR vs. non-SVR) using the SNPs showed lower statis-
tical power (OR = 12.1) than that of NVR prediction
(NVR vs. SVR plus TVR. OR = 27.1). indicating that the
significant SNPs are strongly associated with the out-
come of NVR. In other words, TVR patients share similar
genetie background with SVR patients, and they would
achieve SVR by prolonged therapy or PEG-IFN&RBV
plus protease inhibitor.
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MAF of 158099917 in Japanese pahents (%)

Fig. 3. Minor allele frequencies (MAF) of rs8099917 in cach re-
sponse type of chronic hepatitis C patients reported by Tanaka et al.
(24). In the Asian population. the MAF ol s8099917 is approximately
10% according to Thomas ct al. (20) and the dbSNPs international
database. The MAF of chronic hepatits C patients under a combina-
tion therapy of PEG-IFN&RBV revealed the deviation from that of
the general population. The minor allele of rs8099917 accumulated in
the population of NVR (approximately 40%). whereas those of SVR
and TVR were occurred at lower frequency than those of the general
population (approximately 5%o).

8. SNPs associated with spontancous clearance of
HCV

Two study groups searched for common SNPs related
to spontancous elimination of HCV using a Caucasian
cohort. Thomas et al. performed a candidate gene study
on the rs12979860 SNP reported by Ge et al. to determine
whether the SNP was also associated with spontaneous
clearance of HCV infection (20). This study included
388 individuals with spontaneous HCV clearance and
620 with persistent HCV infection in a cohort consisting
of HCV and HIV/HCV co-infected patients. The strong
association of rs12979860 with spontaneous recovery
was found in European and African American individu-
als (OR =2.6,95% Cl1=1.9-3.8:.0R=3.1,95%Cl =
1.7 - 5.8, respectively) (Table 2). The association was
also independent of co-infection with HIV., type of HCV
transmission, and history of HBV infection.

Rauch et al. revealed the host factor associated with

spontancous clearance of HCV based on GWAS technol-
ogy mounting more than 500K SNPs (23). The case-
control study was designed for 347 individuals with
spontaneous HCV clearance. 567 individuals with
chronic hepatitis C. and 448 individuals with HCV/HIV
co-infection, The significant SNP was also rs8099917
(combined P =6.07 x 107”,0R =2.31.95% Cl = 1.74 -
3.04). The effect of HIV co-infection was also similar to
that of HCV mono-infection (# = 8.25 ~ 107, OR = 2.16.
95% C1=1.47-3.18: P =196 x 107°, OR = 2.49,95%
Cl = 1.64 - 3.79. respectively) compared to Thomas et
al. Note that rs8099917 was in strong linkage disequilib-
rium with rs12979860 in European and Asian individuals
(26). These reports described by Thomas et al. and Rauch
ct al. scem to lead crucially identical results.

9. The characteristics of /L-28B and the IFN-/
family

IL-28B, referred to as 1FN-23. belongs to the IFN-2
family. which consists of /L-29/IFN-/1, /L-28A4/IFN-/2,
and /L-288. The IL-28B gene has been recently discov-
ered and classified into type [HI IFN, a member of the
class 1l cytokine family. This class 1l family includes
type I, 1, and 111 IFN and the /L-70 family (/L-10, IL-19,
1L-20. 1L-22, 11.-24, [L-26. [L-28, and [L-29). Peripheral
blood mononuclear cells (PBMCs) and dendritic cells are
main sources of [FN-4 (27. 28). which is induced by
IFN-a, viral infection, and/or stimulations of toll-like
receptors. IFN-Z behave as a interferon stimulated gene
(ISG) of IFN-a. which is expressed at low levels by a
broad variety of human cells. similar to IFN-« (29).

The signal pathway of IFN-Z is initiated through a
membrane receptor distinct from that of type I IFN. The
receptor is composed of heterodimer molecules consist-
ing of an [L-28RA/IFN-AR 1 subunit and IL-10R2 subunit
(27. 28). The 1L-10R2 subunit is expressed broadly and
shared by IL-10, IL-22, IL-26. and [FN-z. Compared
with the IFN-a /-8 receptor. which is ubiquitously ex-
pressed, the 11.-28RA receptor has a more restricted dis-
tribution. The signal transduction of 1FN-4 receptor is
mediated via Jak| and Tyk2. which can induce the phos-

Table 2. Summary of associated SNPs regarding spontancous clearance of HCV

Study (Ref. No.) Thomas ct al. (20)

Rauch et al. (23)

SNPs s 12979860
Population Furopean African
P value 10 - 107 1.0 - 10"
OR 206 3.1
93% CI 185 - 384 175-588

rs8099917
HCV mono-infection - HCV/HIV co-infection Combined
196 - 107 825,107 6.07 - 107
249 216 231
1.64 -3.79 147-3.18 1.74-3.04

- 100 -
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phorylation of STAT! and STAT2 molecules and is
followed by the expression of 1SG (30).

10. The antiviral effect of LFN-4 against HCV in basic
studies or clinical trials

Antiviral effects of IFN-2s against HCV have been
reported before the discovery of the association with the
response 1o HCV therapy. The treatment of IFN-a. or
IFN-£1 inhibited HCV replication at similar levels at low
concentrations (31}, The combination treatment of IFN-a
and /1-29/284 enhanced the antiviral effect against HCV
replicon synergistically (32). In microarray analysis on
ISG induction of IFN-a/f} or IFN-Al, IFN-/i1 showed a
unique pattern of 1SG expression compared to that of
IFN-e/f} (31). For example. a total of 19 genes. which
were not detected in the IFN-u-treated cells, were spe-
cifically up-regulated by IFN-i1 at the late phase of
treatment. indicating the signal pathway downstream of
IL-28R1 could differ from that of IFN-« and possess a
important biological function. although the pattern of
signal transduction currently thought to be similar to that
of IFN-a R1/2 (33). Further studies are needed to eluci-
date the biological consequences of these differences.

As described above, HCV replication is inhibited by
the antiviral effects of IFN-4. IFN-/ might have potential
as a therapeutic agem against chronic hepatitis C in pa-
tients. A pegylated IFN-41 has alrcady been tried against
chronic hepatitis C in phase 1B trials (34). Interestingly.
sufficient antiviral effecis were observed but not severe
side effects. The expression pattern of the IFN-2 receptor
is restricted in specific organs. The high expression of
the receptor was observed in the pancreas, liver, prostate,
or thyroid, whereas the central nerve system (the bone
marrow or the brain) showed the low expression (27. 28).
These results could explain the avoidance of severe tox-
icity induced by IFN-a/f3.

11. Conclusions

The recent discovery revealed by GWAS technology
provides the unexpected role of /L-288 in HCV infec-
tion. The findings could be strong cvidence to enhance
the development of a novel therapeutic strategy and basic
studies on IFN-Zs. The SNPs around the /L-28B gene
could improve the diagnostics for the prediction of spon-
taneous clearance and the response to anti-HCV treat-
ment. However, approximately 20% — 30% of the total
homozygotes with the risk alleles in Caucasians and 20%
of heterozypoteshomozygotes with risk alleles in the
Japanese population achieved a SVR and vice versa
(21 - 24). indicating that the response to a combination
therapy is not inevitably restricted because of genetic

factors. To improve the prediction rate, especiaily. host
epigenelic, rare SNPs, mutations. or viral factors are eli-
gible candidates 1o consider when trving to establish an
adequate tailor-made therapy. Although the strongly as-
sociated SNPs may have a big impact on the type of
therapy and outcome, this is the first step in the tailor-
made therapy for HCV infection. Further functional
studies of IFN-zs and the significant SNPs should be in-
vestigated to improve the positive predictive value using
the point mutation analysis of the targeted polymorphisms
(35). For applying a practical tailor-made therapy. it is
also necessary to reveal the cause of exceptional cases
that do not follow the /L-28B genotyping.
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ABSTRACT

We focused on determining the most accurate and convenient genotyping methods and most
appropriate SNP among four such polymorphisms associated with IL28B in order to design
tailor-made therapy for chronic hepatitis C patients. Firstly, five different methods (direct
sequencing, high-resolution melting analysis (HRM), Hybridization probe (HP), InvaderPlus
assay (Invader), and TagMan SNP genotyping assay (TagMan)) were developed for
genotyping four SNPs (rs11881222, rs8103142, rs8099917 and rs12979860) associated with
IL28B and their accuracy was compared in 292 Japanese patients. Next, the four SNPs
associated with IL28B were genotyped by Invader in 416 additional Japanese patients and the
response to PEG-IFN/RBV treatment was evaluated when the four SNPs were not in linkage
disequilibrium (LD). HRM failed to genotype one of the four SNPs in five patients. In two of
287 patients, the results of genotyping rs8099917 by direct sequencing differed from the
results of the other three methods. The methods of HP, TagMan and Invader were accurate for
determining the SNPs associated with IL28B. In ten of the 708 (1.4%) patients, the four SNPs
were not in LD. Eight of nine (88.9%) patients whose rs8099917 was homozygous for the
fnajor allele were virological responders, even though one or more of the other SNPs were
heterozygous. The methods of HP, TagMan and Invader were suitable to determine the SNPs
associated with IL28B. The rs8099917 polymorphism should be the best predictor for the

response to the PEG-IFN/RBV treatment among Japanese chronic hepatitis C patients.

Key Words: IL28B, SNP, chronic hepatitis C, tailor-made treatment, PEG-IFN/RBV
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INTRODUCTION

Hepatitis C virus (HCV) infection is a global health problem, with worldwide
estimates of 120-130 million carriers (1). Chronic HCV infection can lead to progressive
liver disease, resulting in cirrhosis and complications including decompensated liver
disease and hepatocellular carcinoma (25). The current standard-of-care treatment for
suitable patients with chronic HCV infection consists of pegylated interferon alpha 2a or
2b (PEG-IFN) given by injection in combination with oral ribavirin (RBV), for 24 or 48
weeks, dependent on HCV genotype. Large-scale treatment programs in the United
States and Europe showed that 42-52% of patients with HCV genotype 1 achieved a
sustained virological response (SVR) (4, 8, 13), and similar results were found in Japan.
This treatment is associated with well-described side effects (such as a flu-like syndrome,
hematologic abnormalities and neuropsychiatric events) resulting in reduced compliance
and fewer patients completing treatment (3). It is valuable to predict an individual’s
response before treatment with PEG-IFN/RBYV to avoid these side-effects, as well as to
reduce the treatment cost. HCV genotype, in particular, is used to predict the response:
patients with HCV genotype 2 or 3 have a relatively high rate of SVR (70-80%) with 24
weeks of treatment, whereas those infected with genotype 1 have a much lower rate of
SVR despite 48 weeks of treatment (8).

Recently, we reported from genome-wide association studies (GWAS) that several
highly correlated common single nucleotide polymorphisms (SNPs), located in the
vicinity of the IFN-lambda 3 (IL28B) gene on chromosome 19, are implicated in NVR

(non-virological response) to PEG-IFN/RBV among patients with HCV genotype 1 (21).
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At almost exactly the same time as our report, the association between response to PEG-
IFN/RBV and SNPs associated with IL28B was reported from the results of GWAS by
two other groups (7, 19). Determining these SNPs associated with IL28B before PEG-
IFN/RBV treatment will provide extremely valuable information, because the patients
predicted as NVR to PEG-IFN/RBV treatment could avoid the treatment. There are two
questions to be asked before using these SNPs in clinical practice: which methods for
genotyping these SNPs are efficient and which SNP is most informative in cases where
the SNPs are not in linkage disequilibrium (LD). We have developed five different
methods for detecting the SNPs associated with IL28B and compared their accuracy to
establish the most efficient genotyping method. The response to PEG-IFN/RBV
treatment was evaluated, when the SNPs associated with IL28B were not in LD, to

determine the best SNP to predict the response to PEG-IFN/RBV treatment.

MATERIALS AND METHODS
Study population

Samples were obtained from 708 Japanese chronic hepatitis C patients and divided
into groups of 292 (145 males, 147 females; mean age: 57.2 years) and 416 patients (194
males, 222 females; mean age: 56.6 years) for the first and second stages (Table 1). In
the first stage, we focused on analyzing the effective methods for determining the
genotypes of four SNPs (rs11881222, rs8103142, rs12979860, and rs8099917)
associated with IL28B (Figure 1A). Figure 2 shows the location of these four SNPs in

chromosome 19; rs11881222 and rs8103142 are located in the IL28B gene and
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rs12979860 and rs8099917 are located downstream from IL28B. The results of
genotyping the four SNPs by five different methods, described below, were compared
and evaluated for consistency. For this first stage, the 292 chronic hepatitis C patients
were recruited from the National Center for Global Health and Medicine, Hokkaido
University Hospital, Tonami General Hospital, and Shin-Kokura Hospital in Japan
(Table 1). From the results of the first stage, the InvaderPlus assay was chosen as one of
the best methods to determine the genotypes of the four SNPs associated IL28B and was
used for genotyping 416 patients (Figure 1B), recruited from NHO Nagasaki Medical
Center, Nagoya City University Hospital, Nagoya Daini Red Cross Hospital, and
Kawasaki Medical University Hospital in Japan, in the second stage (Table 1). We then
focused on ten patients whose four SNPs were found in the first and second stages not to
be in LD and investigated the response to PEG-IFN/RBV treatment in detail in these
patients. Informed consent was obtained from each patient who participated in the study.

This study was conducted in accordance with provisions of the Declaration of Helsinki.

Definition of treatment responses

Non-virological response (NVR) was defined as less than a 2-log-unit decline in the
serum level of HCV RNA from the pre-treatment baseline value, within the first 12
weeks, or detectable viremia 24 weeks after treatment. Virological response (VR) was
defined in this study as the achievement of sustained VR (SVR) or transient VR (TVR);
SVR was defined as undetectable HCV RNA in serum 6 months after the end of

treatment, whereas TVR was defined as a reappearance of HCV RNA in serum after
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treatment was discontinued in a patient who had undetectable HCV RNA during the
therapy or achieved more than 2-log-unit decline within the first 12 weeks after

treatment.

DNA extraction
Whole blood was collected from all participants and centrifuged to separate buffy coat.

Genomic DNA was extracted from the buffy coat with GENOMIX (Talent SRL, Italy).

Five different genotyping methods

Four SNPs (rs11881222, rs8103142, rs12979860 and rs8099917; shown in Figure 2)
were determined in 292 patients by five different genotyping methods. We developed
the five methods (direct sequencing, high-resolution melting analysis (HRM),
Hybridization probe (HP), InvaderPlus® assay (Invader), and TagMan SNP genotyping
assay (TagMan) to determine the genotypes of the rs11881222 and rs8103142
polymorphisms. We also developed four different methods (direct sequencing, HRM,
HP and Invader) to determine the genotypes of the rs12979860 and rs8099917
polymorphism. The genotype of rs12979860 was also determined by the TagMan
genotyping method developed by Duke University and the genotype of rs8099917 was
also determined by TagMan® Pre-Designed SNP Genotyping Assay. Figure 3, 4 and 5
show the primers and probes for each genotyping method. Because the sequence of

IL28B is very similar to those of IL28A, I129 and a homologous sequence upstream of

IL28B, we had to design the primers and probe for each method to distinguish II 28B
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from the others sequencies. Firstly, primers were designed using Visual OMP Nucleic

Acid software. Then, we confirmed that the candidate primers should not amplify

sequences other than the target region using UCSC Genome Browser. Next, we

confirmed that the amplicon was resolved as a single band, when the PCR products

amplified by the primers under evaluation were electrophoresed. Finally, we had to

optimize each set of primers and probe for each method (Figure 3-5 and Supplementary

table).

Direct Sequencing

PCR was carried out using 12.5 ul AmpliTaq Gold 360 Master Mix (Applied
Biosystems), 10 pmol of each primer and 10ng of genomic DNA under the following
thermal cycler conditions: stage 1, 94°C for 5 min; stage 2, 94°C for 30 s, 65°C for 30 s,
72°C for 45 s, for a total of 35 cycles; stage 3, 72°C for 7 min. For sequencing, 1.0 pl of
the PCR products were incubated with the use of a BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems). After ethanol purification, the reaction products

were applied to the Applied Biosystems 3130x]1 DNA Analyzer.

HRM analysis

HRM analysis was performed on a LightCycler 480 (LC480; Roche Diagnostics) as
described previously (6, 15, 24). We designed pairs of primers flanking each SNP
(Figure 3-5) to amplify DNA fragments shorter than 200 bp. PCR was performed in a 20

ul volume containing: 10 pl LightCycler 480 High-Resolution Melting Master mix
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(Roche Applied Science), 4 pmol of each primer and 10 ng genomic DNA. The cycling
conditions were as follows: SYBR Green I detection format; 1 cycle of 95°C for 10 min,
50 cycles of 95°C for 5 s, 60°C for 10s, and 72°C for 20 s; followed by an HRM step of
95°C for 1 min, 40°C for 1 min, 74°C for 5 s, and continuous acquisition to 90°C at 25
acquisitions per 1°C. HRM data were analyzed using the Gene Scanning Software

(Roche Diagnostics).

Hybridization probe

We designed oligonucleotide primers and hybridization probes for the four SNPs
(Figure 3-5). All éssays were performed using the LC480 as described previously (5, 18).
The amplification mixture consisted of 4 pl of 5 X reaction mix (LightCycler 480
genotyping master, Roche Diagnostics), 5 pmol of each oligonucleotide primer, 3.2
pmol of each oligonucleotide probe, and 10ng of template DNA in a final volume of 20
ul. Samples were amplified as follows: 45 cycles of denaturation at 95°C for 10 s,
annealing at 60°C for 10 s, and an extension at 72°C for 20 s. The generation of target
amplicons for each sample was monitored between the annealing and the elongation
steps at 610 and 640 nm. Samples positive for target genes were identified by the
instrument at the cycle number where the fluorescence attributable to the target
sequences exceeded that measured for background. Those scored as positive by the
instrument were confirmed by visual inspection of the graphical plot (cycle number

versus fluorescence value) generated by the instrument.
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10

InvaderPlus assay

The InvaderPlus® assay, which combines PCR and the Invader reaction (11, 12) was
performed using the LC480. The enzymes used in Invader Plus are native Tag
polymerase (Promega Corporation,Madison, WI) and Cleavase enzyme (Third Wave
Technologies,Madison, WI). The reaction is configured to use PCR primers with a
melting temperature (Tm) of 72°C and Invader detection probe with a target-specific Tm
of 63°C. The invader oligonucleotide overlaps the probe by one nucleotide, forming at
63°C overlap flap substrate for the Cleavase enzyme. The first step of Invader Plus is
PCR target amplification, in which the reaction is subjected to 18 cycles of a
denaturation step (95°C for 15s) and hybridization and extension steps (70°C for 1min).
At the end of PCR cycling, the reaction mixture is incubated at 99°C for 10 min to
inactivate the Taq polymerase. Next, the reaction temperature is lowered to 63°C for 15
to 30 min to permit the hybridization of the probe oligonucleotide and the formation of
the overlap flap structure. Data were analyzed by endpoint genotyping software (Roche

diagnostics).

TaqMan assay

The 1s8099917 polymorphism was determined using TagMan® Pre-Designed SNP
Genotyping Assays, as recommended by the manufacturer. The TagMan assay for
determining the genotype of rs12979860 was kindly provided by Dr David B. Goldstein
at Duke University. We designed primers and probes for TagMan genotyping assays for

the other two SNPs. Each genomic DNA sample (20 ng) was amplified using TagMan
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Universal PCR master mix reagent (Applied Biosystems, Foster City, CA) combined
with the specific TagMan SNP genotyping assay mix, corresponding to the SNP to be
genotyped. The assays were carried out using the LC 480 (Roche Applied Science) and
the following conditions: 2 min at 50°C, 10 min at 95°C, 40 cycles: 15 sec at 95°C, and

1 min at 60°C. Data were analyzed by endpoint genotyping software (Roche diagnostics).

RESULTS

Genotyping for four SNPs associated with IL28B was failed by HRM in five cases
Figure 1A shows the patient’s flow chart of the first stage. Genotyping of four SNPs
(rs11881222, rs8103142, rs12979860 and rs8099917) was attempted by five different
methods (direct sequencing, HRM, HP, Invader and TagMan) in 292 patients. In five
cases, one of the four SNPs could not be genotyped by HRM. Therefore, we excluded
the HRM method from further study. Genotyping failures by HRM were two cases for

rs11881222, two cases for rs8103142 and one case for rs8099917.

Consistencies of four different methods to determine genotypes for four SNPs
associated with IL28B.

Consistencies among the results of genotyping by the remaining four methods were
100%, except for the results of rs8099917 (Table 2). For rs8099917, the results
determined by direct sequencing were inconsistent with the other three methods in two
cases (Table 2 and 3). HP, TagMan, and Invader methods were accurate and reliable for

genotyping the four SNPs associated with IL.28B. Invader was chosen for genotyping in
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the second stage, because the analysis time was the shortest and the sensitivity was the

greatest of the three methods (HP, TagMan and Invader) as reported previously (20).

Genotyping Error for rs8099917 by direct sequence due by novel SNP

In two cases, the results of genotyping for rs8099917 by direct sequencing were
inconsistent with the results by the other methods (Table 3). Direct sequencing
determined the genotype for 1s8099917 as T/T in cases 1 and 2, however, the other three
genotyping methods (HP, Invader, and TagMan) determined the genotypes for
1s8099917 as T/G in both cases. Further study using alternative primers for direct
sequencing revealed that the correct genotypes were T/G and revealed a novel minor
SNP present in at the forward primer binding site in these two cases (data on file) and

which interfered with the PCR amplification step (Figure 3).

Distribution of haplotypes among four SNPs associated with IL28B.

In the first stage, the four SNPs were in LD in 281 (98.6%) of 285 cases and not in LD
in the remaining four (1.4%). The first stage revealed five different haplotypes
(haplotype 1-5; Table 4). In haplotypes 1-3, the four SNPs were in LD (haplotype 1:
homozygous of major allele among 4 SNPs; n=198 [69.5%], haplotype 2: heterozygous
among 4 SNPs; n=79 [27;.7%], and haplotype 3: homozygous of minor allele among 4
SNPs; n=4 [1.4%]). In haplotype 4 (3 cases) rs11881222, rs8103142, rs12979860 and
1s8099917 were AG, TC, CT, and TT, respectively. In haplotype 5 (one case)

rs11881222, rs8103142, rs12979860 and rs8099917 were AA, TT, CT, and TT,
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