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Fig. 3. Association between relapse and the IL28B allele or mutations in the
ISDR. The rate of relapse was calculated for patients who had undetectable HCV-
RNA at serial time points after the start of therapy (4, 8, 12, 24, and 48 weeks).
Patients were stratified according to (A) the IL28B allele (minor allele vs. major
allele) and (B) the number of mutations in the ISDR (0-1 mutation vs. 2 or more
mutations). The p values are from Fisher’s exact test. [This figure appears in
colour on the web.]

12%). After stratification by the IL28B allele, patients with low
platelet counts (<140 x 10°/L) had a lower probability of SVR
and higher probability of NVR than those with high platelet
counts (>140 x 10%/L): for the minor IL28B allele, SVR was 7%
vs. 19%, and NVR was 84% vs. 62%, and for the major IL28B allele,
SVR was 32% vs. 66% and NVR was 16% vs. 8%. Among patients
with the major IL28B allele and low platelet counts, those with
two or more mutations in the ISDR had a higher probability of
SVR and lower probability of relapse than those with one or no
mutations in the ISDR (SVR: 75% vs. 27%, and relapse: 8% vs.
57%). Among patients with the major IL28B allele and high plate-
let counts, those with a low HCV-RNA titer (<600,000 IU/ml) had
a higher probability of SVR and lower probability of NVR and
relapse than those with a high HCV-RNA titer (SVR: 90% vs.
61%, NVR: 0% vs. 10%, and relapse: 10% vs. 29%). The sensitivity
and specificity of the decision tree were 78% and 70%, respec-
tively. The area under the receiver operating characteristic
(ROC) curve of the model was 0.782 (data not shown). The pro-
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Fig. 4. Associations between the IL28B allele and HCV sequences. The
prevalence of HCV sequences predicting a resistant phenotype to IFN was higher
in patients with the minor IL28B allele than those with major allele. (A) 0 or 1
mutation in the ISDR of NS5A, (B) Gln or His at Core70, and (C) Met at Core91. p
values are from Fisher’s exact test. [This figure appears in colour on the web.]

portion of patients with advanced fibrosis (F3-4) was 39% (84/
217) in patients with low platelet counts (<140 x 10°/L) com-
pared to 13% (37/279) in those with high platelet counts
(>140 x 10°/L).

Validation of the data mining analysis

The results of the data mining analysis were validated with 165
patients who differed from those used for model building. Each
patient was allocated to one of the six subgroups for the valida-
tion using the flow-chart form of the decision tree. The rate of
SVR and NVR in each subgroup was calculated. The rates of SVR
and NVR for each subgroup of patients were closely correlated
between the model building and the validation patients
(* =0.99 and 0.98) (Fig. 6).

Discussion

The rate of NVR after 48 weeks of PEG-IFN/RBV therapy among
patients infected with HCV of genotype 1 is around 20-30%. Pre-
viously, there have been no reliable baseline predictors of NVR or
SVR. Because more potent therapies, such as protease and poly-
merase inhibitor of HCV [28,29] and nitazoxianide [30], are in
clinical trials and may become available in the near future, a
pre-treatment prediction of the likelihood of response may be
helpful for patients and physicians, to support clinical decisions
about whether to begin the current standard of care or whether
to wait for emerging therapies. This study revealed that the
IL28B polymorphism was the overwhelming predictor of NVR
and is independent of host factors and viral sequences reported
previously. The IL28B encodes a protein also known as IFN-
lambda 3, which is thought to suppress the replication of various
viruses including HCV [31,32]. The results of the current study
and the findings of the GWAS studies [6-9] may provide the
rationale for developing diagnostic testing or an IFN-lambda
based therapy for chronic hepatitis C in the future.
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Table 2. Factors associated with NVR analyzed by univariate and multivariate logistic regression analysis.

Univariate Multivariate

Odds 95%Cl p value Odds 95%CI p value

ratio ratio
Gender: female 0.98 0.67-1.45 0.938 1.29 0.75-2.23 0.363
Age 1.01 0.97-1.01 0.223 0.99 0.97-1.02 0.679
ALT 1.00 1.00-1.00 0.867 1.00 0.99-1.00 0.580
GGT 1.004 1.00-1.01 0.029 1.00 1.00-1.00 0.715
Platelets 0.95 0.91-0.99 0.009 0.92 0.87-0.98 0.006
Fibrosis: F3-4 2.23 1.46-3.42 0.0002 1.97 1.09-3.57 0.025
HCV-RNA: 2600,000 IU/ml 1.83 1.05-3.19 0.035 2.49 1.17-5.29 0.018
ISDR mutation: <1 2.14 1.08-4.22 0.030 0.96 0.78-1.18 0.707
Core 70 (GIn/His) 3.23 2.16-4.78 <0.0001 1.41 0.83-2.42 0.207
Core 91 (Met) 1.39 0.95-2.06 0.093 1.21 0.72-2.04 0.462
1L28B: Minor allele 19.24 11.87-31.18 <0.0001 20.83 11.63-37.04 <0.0001

ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; ISDR, interferon sensitivity determining region; Gln, glutamine; His, histidine; Met, methionine; Minor

allele, heterozygote or homozygote of minor allele.

Table 3. Factors associated with SVR analyzed by univariate and multivariate logistic regression analysis.

Univariate Multivariate

Odds 95%CI p value Odds 95%Cl p value

ratio ratio
Gender: female 0.81 0.56-1.16 0.253 0.86 0.55-1.35 0.508
Age 0.97 0.95-0.99 0.0003 0.99 0.96-1.01 0.199
ALT 1.00 1.00-1.00 0.337 1.00 1.00-1.01 0.108
GGT 1.00 1.00-1.00 0.273 1.00 1.00-1.00 0.797
Platelets 1.12 1.01-116 <0.0001 1.13 1.08-1.19 <0.0001
Fibrosis: FO-2 2.64 1.65-4.22 <0.0001 1.87 1.07-3.28 0.029
HCV-RNA: <600,000 1U/ml 2.49 1.55-3.98 0.0001 2.75 1.55-4.90 0.001
ISDR mutation: 2< 3.78 2.14-6.68 <0.0001 2.11 1.06-4.18 0.033
Core 70 (Arg) 1.61 1.11-2.28 0.012 0.84 0.52-1.35 0.470
Core 91 (Leu) 1.28 0.88-1.85 0.185 1.26 0.81-1.96 0.300
IL28B: Major allele 6.21 3.75-10.31 <0.0001 7.41 4.05-13.57 <0.0001

ALT, alanine aminotransferase; GGT, Gamma-glutamyltransferase; ISDR, interferon sensitivity determining region; Arg, arginine; Leu, leucine; Major allele, homozygote of

major allele.

Among baseline factors, IL28B was the most significant pre-
dictor of NVR and SVR. Moreover, the IL28B allele type was also
correlated with early virological response: the rate of RVR and
cEVR was significantly high for the IL28B major allele compared
to the IL28B minor allele: 9% vs. 3% for RVR and 57% vs. 11% for
cEVR (Fig. 2). On the other hand, the relapse rate was not differ-
ent between the IL28B genotypes within patients who achieved
RVR or cEVR (Fig. 3). We believe that optimal therapy should
be based on baseline features and a response-guided approach.
Our findings suggest that the IL28B genotype is a useful baseline
predictor of virological response which should be used for
selecting the treatment regimen: whether to treat patients with
PEG-IFN and RBV or to wait for more effective future therapy
including direct acting antiviral drugs. On the other hand, base-
line IL28B genotype might not be suitable for determining the
treatment duration in patients who started PEG-IFN/RBV therapy

and whose virological response is determined because the IL28B
genotype is not useful for the prediction of relapse. The duration
of therapy should be personalized based on the virological
response. Future studies need to explore whether the combina-
tion of baseline IL28B genotype and response-guided approach
further improves the optimization of treatment duration.

The SVR rate in patients having the IL28B minor allele was
14% in the present study while it was 23% in Caucasians and 9%
in African Americans in a study by McCarthy et al. [33]. On the
other hand, the SVR rate in patients having the IL28B minor allele
was 28% in genotypes 1/4 compared to 80% in genotypes 2/3 in a
study by Rauch et al. [9]. These data imply that the impact of the
IL28B polymorphism on response to therapy may be different in
terms of race, geographical areas, or HCV genotypes, and that our
data need to be validated in future studies including different
populations and geographical areas before generalization.
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Table 4. Factors associated with IL28B genotype.
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IL28B major allele IL28B minor allele p value
n =345 n=151
Gender: male 166 (48%) 84 (56%) 0.143
Age (years) 57+10 57 £10 0.585
ALT (IU/L) 79 £ 60 78 £ 62 0.842
Platelets (10°/L) 153 + 54 155+ 52 0.761
GGT (IU/L) 51+45 78 £ 91 0.001
Fibrosis: F3-4 76 (22%) 45 (30%) 0.063
Steatosis:
>10% 16/88 (18%) 13/23 (57%) 0.024
>30% 6/88 (7%) 6/23 (26%) 0.017
HCV-RNA: >600,000 1U/ml 284 (82%) 125 (83%) 1.000

ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase.

Four GWAS studies have shown the association between a
genetic polymorphism near the IL28B gene and response to
PEG-IFN plus RBV therapy. The SNPs that showed significant
association with response were rs12979860 [8] and rs8099917
[6,7,9]. There is a strong linkage-disequilibrium (LD) between
these two SNPs as well as several other SNPs near the IL28B gene
in Japanese patients [34] but the degree of LD was weaker in Cau-
casians and Hispanics [8]. Thus, the combination of SNPs is not
useful for predicting response in Japanese patients but may
improve the predictive value in patients other than Japanese
who have weaker LD between SNPs.

Other significant predictors of response independent of IL28B
genotype were platelet counts, stage of fibrosis, and HCV RVA
load. A previous study reported that platelet count is a predictor
of response to therapy [35], and the lower platelet count was
related with advanced liver fibrosis in the present study. The
association between response to therapy and advanced fibrosis
independent of the IL28B polymorphism is consistent with a
recent study by Rauch et al. [9].

There is agreement that the viral genotype is significantly
associated with the treatment outcome. Moreover, viral factors
such as substitutions in the ISDR of the NS5A region [10] or in
the amino acid sequence of the HCV core [4] have been studied
in relation to the response to IFN treatment. The amino acid
Gln or His at Core70 and Met at Core91 are repeatedly reported
to be associated with resistance to therapy [4,14,15] in Japanese
patients but these data wait to be validated in different popula-
tions or other geographical areas. In this study, we confirmed that
patients with two or more mutations in the ISDR had a higher
rate of undetectable HCV-RNA at each time point during therapy.
In addition, the rate of relapse among patients who achieved
cEVR was significantly lower in patients with two or more muta-
tions in ISDR compared to those with only one or no mutations
(15% vs. 31%, p <0.05). Thus, the ISDR sequence may be used to
predict a relapse among patients who achieved virological
response during therapy, while the IL28B polymorphism may
be used to predict the virological response before therapy. A
higher number of mutations in the ISDR are reported to have
close association with SVR in Japanese [11-13,15,36] or Asian
[37,38] populations but data from Western countries have been
controversial [39-42]. A meta-analysis of 1230 patients including
525 patients from Europe has shown that there was a positive

correlation between the SVR and the number of mutations in
the ISDR in Japanese as well as in European patients [43] but this
correlation was more pronounced in Japanese patients. Thus,
geographical factors may account for the different impact of ISDR
on treatment response, which may be a potential limitation of
our study.

To our surprise, these HCV sequences were associated with
the IL28B genotype: HCV sequences with an IFN resistant pheno-
type were more prevalent in patients with the minor IL28B allele
than those with the major allele. This was an unexpected finding,
as we initially thought that host genetics and viral sequences
were completely independent. A recent study reported that the
IL28B polymorphism (rs12979860) was significantly associated
with HCV genotype: the IL28B minor allele was more frequent
in HCV genotype 1-infected patients compared to patients
infected with HCV genotype 2 or 3 [33]. Again, patients with
the IL28B minor allele (IFN resistant genotype) were infected
with HCV sequences that are linked to an IFN resistant pheno-
type. The mechanism for this association is unclear, but may be
related to an interaction between the IL28B genotype and HCV
sequences in the development of chronic HCV infection as dis-
cussed by McCarthy et al., since the IL28B polymorphism was
associated with the natural clearance of HCV [44]. Alternatively,
the HCV sequence within the patient may be selected during
the course of chronic infection [45,46]. These hypotheses should
be explored through prospective studies of spontaneous HCV
clearance or by testing the time-dependent changes in the HCV
sequence during the course of chronic infection.

How these host and viral factors can be integrated to predict
the response to therapy in future clinical practice is an important
question. Because various host and viral factors interact in the
same patient, predictive analysis should consider these factors
in combination. Using the data mining analysis, we constructed
a simple decision tree model for the pre-treatment prediction
of SVR and NVR to PEG-IFN/RBV therapy. The classification of
patients based on the genetic polymorphism of IL28B, mutation
in the ISDR, serum levels of HCV-RNA, and platelet counts, iden-
tified subgroups of patients who have the lowest probabilities of
NVR (0%) with the highest probabilities of SVR (90%) as well as
those who have the highest probabilities of NVR (84%) with the
lowest probability of SVR (7%). The reproducibility of the model
was confirmed by the independent validation based on a second
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Fig. 5. Decision tree for the prediction of response to therapy. The boxes indicate the factors used for splitting. Pie charts indicate the rate of response for each group of
patients after splitting. The rate of null virological response, relapse, and sustained virological response is shown. [This figure appears in colour on the web.]

group of patients. Using this model, we can rapidly develop an
estimate of the response before treatment, by simply allocating
patients to subgroups by following the flow-chart form, which
may facilitate clinical decision making. This is in contrast to the
calculating formula, which was constructed by the traditional
logistic regression model. This was not widely used in clinical
practice as it is abstruse and inconvenient. These results support
the evidence based approach of selecting the optimum treatment
strategy for individual patients, such as treating patients with a
low probability of NVR with current PEG-IFN/RBV combination
therapy or advising those with a high probability of NVR to wait
for more effective future therapies. Patients with a high probabil-
ity of relapse may be treated for a longer duration to avoid a
relapse. Decisions may be based on the possibility of a response
against a potential risk of adverse events and the cost of the ther-
apy, or disease progression while waiting for future therapy.
We have previously reported the predictive model of early
virological response to PEG-IFN and RBV in chronic hepatitis C

[26]. The top factor selected as significant was the grade of stea-
tosis, followed by serum level of LDL cholesterol, age, GGT, and
blood sugar. The mechanism of association between these factors
and treatment response was not clear at that time. To our inter-
est, a recent study by Li et al. [47] has shown that high serum
level of LDL cholesterol was linked to the IL28B major allele (CC
in rs12979860). High serum level of LDL cholesterol was associ-
ated with SVR but it was no longer significant when analyzed
together with the IL28B genotype in multivariate analysis. Thus,
the association between treatment response and LDL cholesterol
levels may reflect the underlining link of LDL cholesterol levels to
IL28B genotype. Steatosis is reported to be correlated with low
lipid levels [48] which suggest that IL28B genotypes may be also
associated with steatosis. In fact, there were significant correla-
tions between the IL28B genotype and the presence of steatosis
in the present study (Table 4). In addition, the serum level of
GGT, another predictive factor in our previous study, was signif-
icantly associated with IL28B genotype in the present study
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Fig. 6. Validation of the CART analysis. Each patient in the validation group was
allocated to one of the six subgroups by following the flow-chart form of the
decision tree. The rate of (A) sustained virological response (SVR) and (B) null
virological response (NVR) in each subgroup was calculated and plotted. The X-
axis represents the rate of SVR or NVR in the model building patients and the Y-
axis represents those in the validation patients. The rate of SVR and NVR in each
subgroup of patients is closely correlated between the model building and the
validation patients (correlation coefficient: r? = 0.98-0.99).

(Table 4). The serum level of GGT was significantly associated
with NVR when examined independently but was no longer sig-
nificant when analyzed together with the IL28B genotype. These
observations indicate that some of the factors that we have pre-
viously identified may be associated with virological response to
therapy through the underlining link to the IL28B genotype.

In conclusion, the present study highlighted the impact of the
IL28B polymorphism and mutation in the ISDR on the pre-treat-
ment prediction of response to PEG-IFN/RBV therapy. A decision
model including these host and viral factors has the potential to

JOURNAL OF HEPATOLOGY

support selection of the optimum treatment strategy for individ-
ual patients, which may enable personalized treatment.
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Hematologic abnormalities during current therapy with pegylated interferon and ribavirin (PEG-IFN/RBV) for
chronic hepatitis C (CHC) often necessitate dose reduction and premature withdrawal from therapy. The aim
of this study was to identify host factors associated with IFN-induced thrombocytopenia by genome-wide
association study (GWAS). In the GWAS stage using 900K single-nucleotide polymorphism (SNP) microarrays,
303 Japanese CHC patients treated with PEG-IFN/RBV therapy were genotyped. One SNP (rs11697186) located
on DDRGK1 gene on chromosome 20 showed strong associations in the minor-allele-dominant model with the
decrease of platelet counts in response to PEG-IFN/RBV therapy [P = 8.17 x 10~°; odds ratio (OR) = 4.6]. These
associations were replicated in another sample set (n = 391) and the combined P-values reached 5.29 x 10~
(OR = 4.5). Fine mapping with 22 SNPs around DDRGK1 and ITPA genes showed that rs11697186 at the GWAS
stage had a strong linkage disequilibrium with rs1127354, known as a functional variant in the ITPA gene. The
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ITPA-AA/CA genotype was independently associated with a higher degree of reduction in platelet counts at
week 4 (P < 0.0001), as well as protection against the reduction in hemoglobin, whereas the CC genotype had
significantly less reduction in the mean platelet counts compared with the AA/CA genotype (P < 0.0001 for
weeks 2, 4, 8, 12), due to a reactive increase of the platelet count through weeks 1—-4. Our present results may
provide a valuable pharmacogenetic diagnostic tool for tailoring PEG-IFN/RBV dosing to minimize drug-

induced adverse events.

INTRODUCTION

Chronic infection with hepatitis C virus (HCV) presents a sig-
nificant health problem worldwide, with ~2.3% of the world
population, i.e. more than 120—130 million people, being
infected (1). Only 20-30% of HCV-infected individuals
recover spontaneously. The remaining 70-80% go on to
develop chronic infection, being at significant risk for progress-
ive liver fibrosis and subsequent liver cirrhosis (LC) and hepato-
cellular carcinomas (HCC). Successful treatment of chronic
hepatitis C (CHC) leads to a reduction of liver fibrosis stage of
patients, and also prevents HCC development (2).

Antiviral treatment has been shown to improve liver histology
and decrease incidence of hepatocellular carcinoma in CHC
(3,4). Current therapy for CHC consists of treatment with pegy-
lated interferon (IFN), which acts both as an antiviral and as an
immunoregulatory cytokine, and ribavirin (RBV), an antiviral
pro-drug that interferes with RNA metabolism (5,6).
However, <50% of patients infected with HCV genotype 1
treated in this way achieve a sustained viral response (SVR) or
cure of the infection (5,7). Older patients with liver fibrosis
showed a significantly lower SVR rate due to poor adherence
resulting from adverse events and laboratory abnormalities
(8—10). In particular, hematologic abnormalities often necessi-
tate dose reduction, and premature withdrawal from therapy in
10—14% of patients (5,11—14). New drugs and therapeutic
approaches for CHC are actively developed and several candi-
dates are in early trial phase (15,16). Given this background,
effective pre-treatment screening for predictive biomarkers
with the aim of evaluating possible risks over benefits of cur-
rently available treatment will avoid these side effects in
patients who will not be helped by treatment, as well as
reduce the substantial cost of treatment.

The completion of the Human Genome Project has led to
the advent of a new era of scientific research, including a revo-
lutionary approach: the genome-wide association study
(GWAS). Several recent studies, including our study, have
demonstrated marked associations between single-nucleotide
polymorphisms (SNPs) within and around IL28B gene,
which codes for IFN—A3 (16—21). Another recent study indi-
cated that genetic variants of /TPA gene leading to inosine tri-
phosphatase (ITPA) deficiency could protect against
hemolytic anemia (HA) in CHC patients receiving RBV (22).

In Japan, HCV-infected patients are relatively old and some of
them have had severe fibrosis (9). Thrombocytopenia is one of the
critical adverse events by IFN-based therapy among liver cirrho-
tic gatients (23), because low platelet count (PLT), i.e. <30.0
(10°/1), would be a risk factor for any bleeding, as well as it
would lead to poor treatment efficiency due to the initial or
early dose reduction of PEG-IFN. Based on its pathogenesis,
drug-induced thrombocytopenia is usually due to bone marrow

suppression, immune-mediated destruction and platelet aggrega-
tion (24). In this study, we firstly found that genetic variants in the
ITPA/DDRGK genes were associated with IFN-induced throm-
bocytopenia, and then examined the correlation between
IFN-induced thrombocytopenia and RBV-induced HA in Japa-
nese CHC patients under PEG-IFN/RBV treatment.

RESULTS

Genetic variants associated with IFN-induced
thrombocytopenia

In this study, we conducted a GWAS to identify host genes
associated with the decrease of platelets in response to
PEG-IFN/RBV treatment in 303 Japanese HCV patients (107
patients with the decrease of PLT versus 196 patients without
the decrease of PLT based on the criteria described in Materials
and Methods), using a genome-wide SNP typing array (Affyme-
trix SNP 6.0 for 900K SNPs). The characteristics of patients for
each GWAS stage and replication stage are summarized in
Table 1. Figure 1 shows a genome-wide view of the single-point
association data based on allele frequencies. One SNP
(rs11697186) located on DDRGKI gene on chromosome 20
showed strong associations in the allele frequency model (P =
8.17 x 107%) with the decrease of PLT in response to
PEG-IFN plus RBV treatment. The association reached genome-
wide level of significance [Bonferroni criterion P < 8.40 x 10~°
(0.05/595052)], and another SNP (1rs6139030) near /TPA gene
had a marginal significance (P = 4.30 x 10~ ', in Table 2).

To validate the results of the GWAS stage, 22 SNPs were
selected for the replication in a set of 391 Japanese HCV
patients with and without platelet reduction (Supplementary
Material, Table S1). The associations of the original signifi-
cant SNP (rs11697186) and the marginal SNP (rs6139030)
at the GWAS stage were replicated in the second set of 391
patients in the minor-allele-dominant model [P = 5.88 x
107'°, odds ratio (OR)=4.6 for rs11697186; P = 3.83 x
107'°, OR =4.3 for rs6139030, Table 2]. The combined
P-values for both stages reached 5.29 x 10~'7 (OR = 4.5;
95% CI=3.1-6.5) and 1.33 x 10~"° (OR = 3.9; 95% CI =
2.8-5.5), respectively (Table 2).

Genetic variants associated with RBV-induced anemia

We also conducted a GWAS to identify host genes associated
with a quantitative change in hemoglobin (Hb) levels from
baseline to week 4 of PEG-IFN/RBV treatment in the above
303 Japanese HCV patients (94 patients with an Hb reduction
of >3 g/dl at week 4 and 209 patients without Hb reduction),
using a genome-wide SNP typing array (Affymetrix SNP 6.0
for 900K SNPs). Two SNPs (rs11697186 and rs6139030)



Table 1. Clinical characteristics of patients in this study

GWAS Replication

(n=303) (n=391)
Age 57.4 (9.7) 56.8 (9.9)
Sex (M/F) 151/152 209/182
Weight (kg) 60.6 (10.4) 61.3 (10.7)
Body mass index 23.5 (3.1) 23.7 (4.1)
Baseline Hb (g/dl) 14.1 (1.4) 14.1 (1.4)
Baseline platelet count (10°/1) 151.3 (54.3) 159.7 (55.0)
Baseline ALT (TU/1) 83.5 (79.4) 86.8 (71.9)
Baseline creatinine (mg/dl) 0.70 (0.15) 0.72 (0.16)
Baseline liver fibrosis (FO—2/F3—4/ 153/77/73 175/59/43

ND)

rs8099917: TT/non-TT 165/138 296/95
rs1127354: AA/CA/CC 4/79/220 6/101/284
Week 4 Hb (g/dl) 11.8 (1.7) 11.9 (1.5)
Week 4 platelet count (10°/1) 127.6 (48.2) 132.4 (51.0)
Hb reduction at week 4 —-23(1.4) —22(1.4)
Platelet reduction at week 4 —22.2(38.4) —24.7 (30.4)

located on DDRGKI gene and ITPA gene on chromosome 20
showed strong associations in the allele frequency model (P =
329 x 10719 and P=2.56 x 107°) with Hb reduction in
response to PEG-IFN plus RBV treatment (Table 3).

The above 22 SNPs were selected for the replication study and
fine mapping, including rs1127354, which was reported by the
US group (22) to be strongly associated with Hb reduction (Sup-
plementary Material, Table S2). All SNPs were genotyped using
the DigiTag? assay in an independent set of 391 Japanese HCV
patients with quantitative change in Hb in response to PEG-IFN/
RBV treatment [137 patients with Hb reduction versus 254
patients without Hb reduction (Table 3)]. The associations of
the original SNPs were replicated in the second set of 391
patients in the minor-allele-dominant model (P = 3.86 x
107'°, OR = 0.02 for rs11697186; P =6.90 x 10~'%, OR =
0.03 for rs6139030, Table 3). The combined P-values for both
stages reached 9.43 x 107% (OR = 0.03; 95% CI=0.01—
0.08) and 2.12 x 10~* (OR = 0.04; 95% CI = 0.02-0.09),
respectively (Table 3). The rs1127354 was also strongly associ-
ated with a quantitative change in Hb in response to PEG-IFN/
RBV treatment in a set of 694 Japanese HCV patients (303
patients from the GWAS stage plus the second set of 391
patients) with and without Hb reduction (P = 4.58 x 10~ 2°,
OR = 0.03; 95% CI = 0.01-0.08).

Fine mapping with 22 SNPs around DDRGK! and ITPA
genes showed that four significant SNPs (rs11697186,
r$6139030, rs1127354 and rs13830) at the GWAS stage had
a strong linkage disequilibrium (LD) (+* > 0.86) within the
22.7 kb region (Fig. 2). As the rs1127354 is known as a func-
tional variant in the /TPA4 gene that caused ITPase deficiency
and protected against RBV-induced HA (22,25), the represen-
tative SNP was applied for the following detailed studies.

ITPA/DDRGKI1 variants reflect anemia and reactive
increase of the platelet count

The mean quantitative reduction of blood cells from the base-
line according to the ITPA rs1127354 genotypes is shown in
Figure 3. Patients with the rs1127354 genotypes AA and CA
showed lower degree of Hb reduction at weeks 2, 4, 8 and

Human Molecular Genetics, 2011, Vol. 20, No. 17 3509

12 during therapy compared with those with the CC genotype
(P <0.0001 for weeks 2, 4, 8 and 12 in Fig. 3A). The most
difference of mean Hb reduction was found at week 4 (AA/
CA —1.14 versus CC —2.72). These results show that the
AA and CA genotypes are significantly associated with less
absolute reduction in Hb levels, especially during the early
weeks of therapy, and protect against the development of
severe anemia. Interestingly, the CC genotype had signifi-
cantly less reduction in the mean platelet count compared
with the AA/CA genotype (P < 0.0001 for weeks 2, 4, §;
P =0.019 for week 12 in Fig. 3B), due to a reactive increase
of platelet count through weeks 1—4. The most difference of
mean platelet reduction was found at week 4 [AA/CA
—41.2 versus CC —18.0 (10°/1)]. There was no difference in
the neutrophil leukocyte count between genotypes (Fig. 3C).
We then compared the percentage of patients with platelet
count reduction in the /TPA rs1127354 genotypes at week 4
of PEG-IFN/RBYV therapy (Fig. 4). The percentage of patients
with a platelet count reduction of <30 (10°/1) at week 4
was significantly higher in the rs1127354 genotypes CC
(P <0.0001), indicating that the degree of platelet count
reduction was less in patients with the rs1127354 genotype
CC. A multivariate analysis for factors associated with a plate-
let reduction >30 (10°/1) at week 4 showed that lower platelet
count at the baseline and the rs1127354 genotypes AA/CA
were independently associated with platelet reduction (OR =
1.15; 95% CI=1.11-1.20; P <0.0001, OR =5.92; 95%
CI =3.82-9.17; P < 0.0001, respectively).

Figure 5 showed reactive increase of the platelet count
through weeks 1-4 of PEG-IFN/RBV therapy. Patients with
anemia (Hb reduction >3.0 g/dl) at week 4 had a significantly
higher degree of the reactive increase of the platelet count than
those without anemia (P < 0.0001 in Fig. 5A). Within a sub-
group of patients with the rs1127354 genotypes CC, patients
with anemia still had a significantly higher degree of reactive
increase of the platelet count than those without anemia (P =
0.004 in Fig. 5B). On the other hand, patients with the
rs1127354 genotypes CC had a significantly higher degree
of the reactive increase of the platelet count than those with
genotypes AA/CA (P <0.0001 in Fig. 5C), and a similar
result was obtained in a subgroup of patients without anemia
(Fig. 5D). To elucidate the significant factors associated with
the rs1127354 genotypes by multivariate analysis, the
rs1127354 genotypes AA/CA were independently associated
with protection against the reduction in Hb and more reduction
in platelet counts at week 4 due to a lower degree of the reac-
tive increase of the platelet count (OR = 0.029; 95% CI =
0.009-0.092; P < 0.0001, OR = 4.73; 95% CI = 3.04-7.37,
P < 0.0001, respectively). Indeed, the reactive increase of
the platelet count through weeks 1—4 was positively correlated
with a high platelet count at the baseline and anemia (Hb
reduction >3.0 g/dl) at week 4, but was negatively correlated
with 151127354 genotypes AA/CA and a platelet count
reduction of >30 (10%/1) at week 4 (Table 4).

Relationship between ITPA rs1127354 genotypes and
treatment outcome due to dose reduction of PEG-IFN or RBV

In this population, a multivariate analysis showed that SVR
was significantly associated with /L28B TT-genotype [OR
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Figure 1. Genome-wide association results in 303 Japanese HCV patients with the decrease of platelets in response to PEG-IFN plus RBV treatment (107
patients with the decrease of PLT and 196 patients without the decrease of PLT). P-values were calculated using the x* test for allele frequencies. Dots
with arrow on chromosome 20 showed a significant SNP (P = 8.17 x 1077 for rs11697186) and a candidate SNP with a marginal significance (P = 4.30 x
1077 for rs6139030) associated with the decrease of PLT with response to PEG-IFN/RBV treatment. The dotted line indicates a genome-wide significance

(P <840 x 1079,

Table 2. Two SNPs (rs11697186 and rs6139030) significantly associated with the decrease of PLT in response to PEG-IFN/RBV treatment

dbSNP rsID Nearest MAF*  Allele Stage Patients with Patients without OR P-value®
gene (allele)  (1/2) the decrease of PLT the decrease of PLT (95% CI)°
11 12 22 11 12 22

rs11697186 DDRGKI 0.15(T) T/A  GWAS 3 (2.8) 48 (44.9) 56(52.3) 0(0.0) 32 (16.6) 161 (83.4) 4.6 (2.7-7.8) 8.17x 107°
Replication 3 (1.8) 65(39.9) 95(583) 3 (1.4 25(12.0) 181 (86.6) 4.6 (2.8-7.7) 5.88 x 107'°
Combined 6 (2.2) 113 (41.9) 151(55.9) 3(0.7) 57 (14.2) 342 (85.1) 4.5(3.1-6.5) 529 x 1077

16139030  ITPA 0.17(C) T/C GWAS 56 (52.3) 48 (44.9) 3(2.8) 157 (80.1) 38 (19.4) 1(0.5) 3.7(22-6.1) 430 x 1077
Replication 96 (54.9) 74 (42.3) 5(2.9) 181 (83.8) 32(14.8) 3 (1.4) 43 (2.7-6.8) 3.83 x 1071
Combined 152 (53.9) 122 (43.3) 8(2.8) 338 (82.0) 70 (17.0) 4 (1.0) 3.9(2.8-5.5) 133 x 1071

“Minor allele frequency and minor allele in 184 healthy Japanese individuals.
POR for the minor allele in a dominant model.
°P-value by X test for the minor allele dominant model.

6.12 (2.78—13.46), P < 0.0001] as well as platelet counts [OR
1.18 (1.11-1.26), P < 0.00001]. We analyzed whether the
rs1127354 genotype could influence the treatment outcome
by PEG-IFN/RBV therapy. When analyzed in the patients
available for treatment outcome (172 with /TPA-AA/CA and
450 with ITPA-CC), the percentage of patients receiving
>80% of the expected PEG-IFN and RBV dose at baseline
and week 4 was not significantly different among the
1s1127354 genotypes. However, the rate of SVR tended to
be higher in patients with /TPA-AA/CA genotype than those
with ITPA-CC (48.8 versus 37.3%), because the relapse rate
was lower in patients with /TPA-AA/CA. To investigate the
influence on treatment outcome by dose reduction of
PEG-IFN, in a subgroup of patients with low platelet counts
(<10) at baseline (19 with ITP4-AA/CA and 53 with
ITPA-CC) we analyzed the treatment outcome according to

rs1127354 genotypes. The SVR rate was very low in each
group (21.1% in ITPA-AA/CA and 17.0% in ITPA-CC),
because many patients had the initial dose reduction of
PEG-IFN (<80% of standard dose)—36.8% of patients with
ITPA-AA/CA and 44.6% of patients with /TPA-CC genotype.
Further prospective studies are required among the pre-
cirrhotic or cirrhotic patients with low platelet counts.

DISCUSSION

Recent genome-wide association studies, including our study
on HCV infection, have identified two important host
genetic variants: the SNP in /L28B gene, which is strongly
associated with response to therapy for chronic genotype 1
HCV infection (16—21), and the SNP in /TPA gene, which
precisely predicts RBV-induced anemia in
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Table 3. Two SNPs (rs11697186 and rs6139030) significantly associated with quantitative change in Hb levels from baseline to week 4 of PEG-IFN/RBYV treat-

ment

dbSNP rsID Nearest MAF* Allele Stage Patients with quantitative Patients without quantitative OR (95% CI)°  P-value®
gene (allele)  (1/2) change in Hb change in Hb
11 12 22 11 12 22
rs11697186 DDRGKI 0.15(T) T/A  GWAS 0 (0.0) 3(3.3) 89(96.7) 3(1.5) 77 (37.0) 128 (61.5) 0.06 (0.02—0.16) 3.29 x 107'°
Replication 0 (0.0) 2 (1.5) 134 (98.5) 6(2.5) 88 (37.3) 142 (60.2) 0.02 (0.01-0.09) 3.86 x 107'©
Combined 0 (0.0) 5(2.2) 223(97.8) 9(2.0) 165 (37.2) 270 (60.8) 0.03 (0.01-0.08) 9.43 x 1072°
rs6139030 ITPA 0.17 (C) T/C GWAS 88 (93.6) 6(6.4) 0(0.0) 125 (59.8) 80(38.3) 4(1.9 0.08 (0.03-0.22) 2.56 x 107°
Replication 134 (97.8) 3 (2.2) 0(0.0) 143 (56.3) 103 (40.6) 8 (3.1) 0.03 (0.01-0.08) 6.90 x 107'8
Combined 222 (96.1) 9(3.9) 0(0.0) 268 (57.9) 183 (39.5) 12 (2.6)  0.04 (0.02—0.09) 2.12 x 107%°
*Minor allele frequency and minor allele in 184 healthy Japanese individuals.
POR for the minor allele in a dominant model.
‘P-value by ,\/2 square test for the minor allele dominant model.
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Figure 2. Pairwise LD (+?) diagrams for DDRGK and ITPA. Lower panel shows estimates of pairwise #* for 22 SNPs selected in the replication study using the
second set of 391 Japanese HCV patients with and without quantitative change in PLT levels from baseline to week 4 of PEG-IFN/RBV treatment.

European-American population (22) and Japanese population
(26). The genetic variation of /TPA causing an accumulation
of inosine triphosphate (ITP) has been shown to protect
patients against RBV-induced anemia during treatment for

CHC infection. A recent report showed the biologic mechan-
ism that ITP confers protection against RBV-induced ATP
reduction by substituting for erythrocyte GTP, which is
depleted by RBV, in the biosynthesis of ATP (25).
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Figure 3. /TPA rs1127354 genotypes and the quantitative reduction of blood cells from baseline. Mean reduction of (A) Hb levels, (B) platelet counts and (C) neu-
trophil leukocyte counts during treatment according to rs1127354 genotype is shown. Solid and dotted lines indicate patients with CC and AA/CA genotypes, respect-
ively. Error bars indicate standard error. CC genotype had more reduction in mean Hb levels during therapy compared with the AA/CA genotype (*P < 0.0001 for
weeks 2, 4, 8, 12). CC genotype had less of a reduction in mean platelet counts (* P < 0.0001 for weeks 2, 4, 8, and **P = 0.019 for week 12), and showed a reactive

increase of platelet counts through weeks 1-4.
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Figure 4. /TPA4 rs1127354 genotypes and reduction of platelet counts at week
4 of PEG-IFN/RBV therapy. The percentage of patients with platelet count
reduction of >50 (10°/1) (black bar), 30—50 (10°/1) (gray bar) and <30
(10°/1) (white bar) at week 4 is shown for rs1127354 genotypes. The incidence
of platelet count reduction of >50 and <30 was significantly lower in patients
with the rs1127354 genotypes CC compared with AA/CA genotypes: 12
versus 35%, P < 0.0001, and 69 versus 31%, P < 0.0001, respectively.

In this study, two SNPs, rs11697186 and rs6139030, which
were within and around DDRGK! gene on chromosome 20,
were strongly associated with thrombocytopenia as well as

with Hb reduction at week 4. In clinical practice, the positive
predictive value and negative predictive value by rs11697186
genotypes were 66.5 and 69.4% for thrombocytopenia, as well
as 97.2 and 45% for RBV-induced anemia at week 4. As pre-
viously reported (22,26), a functional SNP (rs1127354) in the
ITPA locus, which is in strong LD with rs11697186, was the
most significant SNP associated with RBV-induced anemia
and, in this study, IFN-induced thrombocytopenia in Japanese
genetic populations. Note that severe Hb decline, which is
mainly found in ITPA-CC patients, was inversely correlated
with platelet reduction. This would contribute to an associ-
ation between severe anemia and relative reactive increase
of platelet count in this population, which attenuated the
IFN effect on the platelet count. Our data supported a previous
report which described that the current use of RBV, inducing
severe anemia, might blunt the thrombocytopenic effect of
IFNs as a result of reactive increase of platelet counts (27).
A previous paper showed hematological and bone marrow
effects of RBV in rhesus monkeys (28). Hb values decreased
significantly during RBV administration due to dose-related
erythroid hypoplasia in bone marrow and returned to normal
following withdrawal. On the other hand, increase of the plate-
let count occurred in both low- and high-dose treatment groups
during RBV administration, with a fall of the platelet count to
normal after drug withdrawal. The effect on platelet count was
clearly dose related, with maximum counts rising to twice and
three times above baseline levels in the low- and high-dose
groups, respectively. This caused a significant increase of
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Figure 5. Reactive increase of platelet counts through weeks 1—-4. Box plots of reactive increase of platelet count through weeks 1—4 according to the degree of
anemia at week 4 are shown for all patients (A) and a subgroup of patients with the rs1127354 genotypes CC (B). Patients with anemia (Hb reduction >3.0 g/dl)
at week 4 had a significantly higher degree of reactive increase of platelet count than those without anemia (P < 0.0001). Box plots of reactive increase of
platelet counts according to the rs1127354 genotype CC are shown for all patients (C) and a subgroup of patients without anemia (D) (Hb reduction
<3.0 g/dl) at week 4. Patients with the rs1127354 genotypes CC had a significantly high degree of reactive increase of platelet counts compared with those

with genotypes AA/CA (P < 0.0001).

Table 4. Multivariate analysis of factors associated with reactive increase of
platelets >20 (10%/1) through weeks 1—4

OR 95% CI P-value
Baseline platelet counts 1.168 1.101-1.239  <0.0001
ITPA AA/CA 0.379  0.168-0.856 0.0196
Platelet reduction >30 (10%/1) at week 4 ~ 0.051  0.021-0.120  <0.0001
Hb reduction >3.0 g/dl at week 4 1.602  0.914-2.809 0.0996

the platelet count associated with increased numbers of mega-
karyocytes. Additionally, the sequence homology of thrombo-
poietin (TPO) and erythropoietin (EPO) may explain the
synergy of the physiologic role of TPO and EPO in platelet
production. When EPO is elevated, as in iron deficiency
anemia, an amino acid sequence similar to TPO may increase
the platelet count (29).

Another possibility is a direct association between ITPA
SNPs or the related SNPs with a strong LD and IFN-induced
thrombocytopenia. DDRGKI! (DDRGK domain-containing
protein 1) is a novel C53/LZAP-interacting protein. C53/
LZAP (also named as Cdk5Srap3) is a putative tumor suppres-
sor that plays important roles in multiple cell signaling path-
ways, including DNA damage response and NF-kappaB
signaling (30); however, it remains largely unknown how
the function of DDRGKI variants is regulated. Further
studies are required to elucidate the possible association
between DDRGK variants and thrombocytopenia.

Multivariate analysis demonstrated that rs1127354 in the
ITPA gene was independently associated with RBV-induced
severe anemia and IFN-induced thrombocytopenia. This
finding suggests that rs1127354 would be a useful marker to
predict these hematological side effects by PEG-IFN/RBV
therapy, indicating that genetic testing of [TPA variant
might be applied to establish personalized dosages of
PEG-IFN/RBV therapy. The rate of SVR tended to be
higher in patients with /TPA-AA/CA genotype than those

with ITPA-CC in this population. This might reflect decreased
treatment efficacy (higher relapse rate) due to dose reduction
of RBV in patients with /TP4-CC genotype. Our recent paper
also demonstrated that the incidence of early dose reduction
was significantly higher in ITPA-major (CC) patients as
expected and, more importantly, that a significantly higher
SVR rate was achieved in ITPA-hetero/minor (CA/AA)
patients with HCV non-1b or low viral load strains (31) and
in a subset of Japanese patients with the favorable TT geno-
type at rs8099917 of IL28B (32). Taken together, our results
indicate that the /TPA minor variant A is not only a protective
allele against PEG-IFN and RBV treatment-associated anemia
in Japanese population, but also a significant predictor of SVR
in certain HCV strains that show good response to IFN. The
possible mechanism of protection against RBV-induced
hemolysis is that ITP deficiency or low-activity variants
(ITPA minor variant A) in turn lead to the accumulation of
ITP in red blood cells (33,34), and the ITP confers protection
against RBV-induced ATP reduction by substituting for eryth-
rocyte GTP (25). On the other hand, half of the ITPA4-major
(CC) patients did not develop a significant Hb decline. This
finding suggests other low-frequency ITPA variants or SNPs
in other enzymes that are involved in erythrocyte purine
nucleoside metabolism.

In Japan, the older HCV-infected patients developing liver
fibrosis have been prevalent (mean age 62 years) (9). Throm-
bocytopenia by PEG-IFN/RBV therapy could lead to poor
treatment efficiency among such Japanese patients with LC
due to the initial or early dose reduction of PEG-IFN. In
fact, ~40% of such population in this study had the initial
dose reduction of PEG-IFN, resulting in a low SVR rate. Sple-
nectomy or embolization of the splenic artery might be one of
the options to increase the SVR rate, but a sufficient treatment
outcome had not been obtained at present (35). Based on the
recently accumulated SNP data, if patients had favorable
IL28B genotype and [TPA-CC (lower reduction of platelet
counts), a standard dose of PEG-IFN might be available for
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the patients with lower platelet counts and the SVR rate might
be increased due to sufficient dose of PEG-IFN.

Several STAT-C agents (specifically targeted antiviral
therapies for hepatitis C) are being tested for clinical efficacy
against hepatitis C (12,13,15,16). Most experts believe that
when new drugs are approved to treat hepatitis C, they will
be used in combination with PEG-IFN and RBV. Moreover,
recent clinical trials, including NS3 protease inhibitors, have
shown that PEG-IFN plus RBV would be necessary to
achieve optimal treatment responses (12,13). Our present
results may provide a valuable pharmacogenetic diagnostic
tool for tailoring PEG-IFN and RBV dosing to minimize
drug-induced adverse events and for further optimization of
clinical anti-HCV chemotherapeutics.

MATERIALS AND METHODS
Patients

From April 2007 to April 2010, samples were obtained from
303 patients with chronic HCV (genotype 1) infection who
were treated at 14 multi-center hospitals (liver units with hepa-
tologists) throughout Japan. Each patient was treated with
PEG-IFN-a2b (1.5 ng/kg body weight, subcutaneously once
a week) or PEG-IFN-a2a (180 g once a week) plus RBV
(600—1000 mg daily according to body weight) for 48
weeks. Treatment duration was extended in some patients up
to 72 weeks, according to the physicians’ preferences. The
dose of PEG-IFN or RBV was reduced according to the rec-
ommendations on the package inserts or the clinical conditions
of the individual patients. EPO or other growth factors were
not given. Written informed consent was obtained from each
patient and the study protocol conformed to the ethics guide-
lines of the Declaration of Helsinki and was approved by the
institutional ethics review committees. HBsAg-positive and/
or anti-HIV-positive patients were excluded from this study.
In the following stage of replication study, SNP genotyping
in an independent set of 391 Japanese HCV patients treated
with PEG-IFN plus RBV treatment was completed using the
DigiTag2 or TagMan assay (ABI) following the manufac-
turer’s protocol. The characteristics of patients for each
GWAS stage and replication stage are summarized in Table 1.

SNP genotyping and data cleaning

In the GWAS stage, we genotyped 303 Japanese HCV patients
with and without the decrease of platelet counts from baseline
to week 4 of PEG-IFN/RBV treatment [107 patients with a
decrease of >30 (10%/1) in platelet counts and 196 patients
without a decrease of >30 (10%/1) in platelet counts], using
the Affymetrix Genome-Wide Human SNP Array 6.0 accord-
ing to the manufacturer’s instructions. The cut-off value was
calculated to maximize the difference, which was also close
to the median change. The average overall call rate of patients
with and without the decrease of PLT reached 98.69 and
98.72%, respectively. We then applied the following
thresholds for SNP QC in data cleaning: SNP call rate
>95% for all samples, MAF >1% for all samples. A total
of 595052 SNPs on autosomal chromosomes passed the QC
filters and were used for association analysis. All cluster

plots of SNPs showing P < 0.0001 in association analyses
by comparing allele frequencies in both groups with and
without the decrease of PLT were checked by visual inspec-
tion, and SNPs with ambiguous genotype calls were excluded.

In the following stage of the replication study and high-
density association mapping, we selected 23 tag SNPs from
the 44.7 kb region, including DDRGK]I gene and ITPA gene
by analyzing LD and haplotype structure based on the
HapMap data of Japanese, using the Haploview software. Of
these tag SNPs, rs1127354 within the ITPA gene, which was
associated with RBV-induced anemia (22), was included;
however, rs7270101 was excluded because recent papers
studying Japanese patients showed no variants in rs7270101
(26,31,32). The SNP genotyping in an independent set of
391 Japanese HCV patients with and without quantitative
change in PLT levels from baseline to week 4 of PEG-IFN/
RBV treatment (175 patients with quantitative change in
PLT and 216 patients without quantitative change in PLT)
was completed using the DigiTag2 assay (36). Twenty-two
of the 23 SNPs were successfully analyzed and were used
for SNP genotyping and data cleaning. All 22 SNPs in the
replication study cleared HWE P-value >0.001.

Based on the above SNPs data obtained from 303 Japanese
HCV patients, using the Affymetrix Genome-Wide Human
SNP Array 6.0, we also performed GWAS between 94 patients
with a quantitative change of >3 g of reduction in Hb and 209
patients without quantitative change in Hb levels from base-
line to week 4 of PEG-IFN/RBV treatment. SNP genotyping
in an independent set of 391 Japanese HCV patients with
and without quantitative change in Hb levels from baseline
to week 4 of PEG-IFN/RBV treatment (137 patients with
quantitative change in Hb and 254 patients without quantitat-
ive change in Hb) was also completed using the DigiTag2
assay (36). Twenty-two of the 23 SNPs were successfully ana-
lyzed and were used for SNP genotyping and data cleaning.

An application of the Cochrane—Armitage test on all the
SNPs showed the genetic inflation factor A = 1.000 for throm-
bocytopenia and A = 1.006 for anemia in the GWAS stage
(Supplementary Material, Figs S1 and S2). In addition, princi-
pal component analysis was performed in 303 samples for the
GWAS stage together with the HapMap samples (CEU, YRI,
CHB and JPT) (Supplementary Material, Fig. S3). These
results implied that the effect of population stratification was
negligible, except one sample, which was excluded from
further analysis.

Laboratory and histological tests

Blood samples were obtained at baseline, 1, 2, 4, 8 and 12
weeks after the start of therapy and for hematologic tests
after the start of therapy and for hematologic tests, blood
chemistry and HCV-RNA. Genetic polymorphism in the
IL28B gene (rs8099917) was determined using the ABI
TaqMan assay (Applied Biosystems, Carlsbad, CA, USA).
Fibrosis was evaluated on a scale of 0—4 according to the
METAVIR scoring system. The SVR was defined as an
undetectable HCV-RNA level by qualitative PCR with a
lower detection limit of 50 IU/ml (Amplicor, Roche Diagnos-
tic Systems, CA, USA) or by Cobas Ampliprep/Cobas
TagMan assay (CAP/CTM) with a lower detection limit of



15 IU/ml (Roche Diagnostic Systems) 24 weeks after the com-
pletion of therapy.

Statistical analysis

The observed association between an SNP and the decrease of
platelets/quantitative change in Hb levels with response to
PEG-IFN plus RBV treatment was assessed by x* test with
a two-by-two contingency table in three genetic models:
allele frequency model, dominant-effect model and
recessive-effect model. SNPs on chromosome X were
removed because gender was not matched between groups
with and without the decrease of PLT and quantitative
change in Hb levels. A total of 595052 SNPs passed the
quality control filters in the GWAS stage; therefore, signifi-
cance levels after Bonferroni correction for multiple testing
were P = 8.40 x 10:8 (0.05/595052) in the GWAS stage
and P =2.27 x 1077 (0.05/22) in the replication stage.

The association between an SNP of the ITPA gene
(rs1127354) and the incidence of platelet reduction at week 4
was analyzed by Fisher’s exact test. The association between
ITPA polymorphisms and the degree of reduction in platelet
counts and Hb levels at each time point during therapy were ana-
lyzed by Mann—Whitney U test. Multivariable regression
analysis was used to analyze the factors associated with /7PA,
the rs1127354 genotype, factors associated with platelet count
reductions and factors associated with the reactive increase in
platelet counts. IBM-SPSS software v.15.0 (SPSS, Inc.,
Chicago, IL, USA) was used for these analyses.

Possible heterogeneity in allele frequencies at rs1127354
was assessed by Tarone’s test. The association between the
SNP and thrombocytopenia/anemia were analyzed by the
Cochran—Mantel—-Haenszel test. Both analyses were per-
formed using the R (version 2.9.0) software (Supplementary
Material, Table S3).
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Abstract

Background and aims The association between hepatitis
C virus (HCV) sequences with interleukin 28B (IL28B)
single-nucleotide polymorphism (SNP) in the development
of hepatocellular carcinoma (HCC) has not been well
clarified.

Methods Complete HCV open-reading frame sequences
were determined in 20 patients developing HCC and 23
non-HCC patients with HCV-1b infection in two distant
time points. An additional 230 patients were studied cross-
sectionally for core and NS5A sequences with HCC
development. Among them, 98 patients with available
samples were investigated for changes in viral core
sequences over time. Finally, IL28B SNPs and HCC
development were investigated in 228 patients.

Results During observation period (HCC for 10.8 years,
and non-HCC for 11.1 years), changes in core a.a. 70 and
three amino acid positions in NS5A were characteristics of
the patients developing HCC. In 230 patients, Q (gluta-
mine) or H (histidine) to R (arginine) ratio at core a.a. 70
was significantly higher in the HCC group (HCC group
43:22 vs. non-HCC group 66:99, p = 0.001). A change in
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core R70Q was observed over time in 11 patients associ-
ated with a decrease in platelets (p = 0.005) and albumin
(p = 0.005), while a Q70R change was observed in 4
patients without associated changes in platelets (nonsig-
nificant) and albumin (nonsignificant). IL28B SNP showed
significant correlation with the core a.a. 70 residue. There
was no evident link between IL28B SNPs and the occur-
rence of HCC.

Conclusions Hepatitis C virus core a.a. 70 residue is
associated with liver disease progression and is indepen-
dent factor for HCC development in genotype-1b infection.
IL28B SNPs are related to core a.a. 70 residue, but not to
HCC. The functional relevance of core a.a. 70 residue in
hepatitis C pathogenesis should be further investigated.

Keywords HCV - HCC - Core - IL28B

Introduction

Hepatitis C virus (HCV) infection is a major risk factor for
hepatocellular carcinoma (HCC). Chronic HCV infection
can result in liver cirrhosis (LC) and HCC over the course
of 20-30 years [1]. However, the rate of progression is
variable; some patients remain for a long time with per-
sistently normal ALT values, while others progress rapidly
to LC and HCC.

Viral factors, host factors, and their interplay appear to
play an important role in determining the progression of
chronic hepatitis C to LC and HCC. In terms of viral
factors, most previous clinical studies have focused on
searching for HCV regions correlated with the response to
interferon (IFN)-based therapy. In those analyses, correla-
tion between amino acid substitutions and treatment
response have been reported for the IFN sensitivity
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determining region in nonstructural (NS)5SA [2], a.a. 70 and
91 in core [3], the PKR/eIF-2alpha phosphorylation
homology domain (PePHD) in envelope (E)2 [4], and the
IFN-ribavirin resistance determining region (IRRDR) in
NSS5A [5].

Regarding the viral factors related to disease progres-
sion, among the various HCV proteins, the core protein has
been thought widely to contribute because it has been
shown experimentally to affect multiple cellular functions,
in addition to the evidence from clinical studies [6—10].
Core protein modifies cellular apoptosis, oncogenic sig-
naling, reactive oxygen species formation, lipid metabo-
lism, transcriptional activation, transformation, and
immune reactivity. Core protein has oncogenic potential in
transgenic mice [11]. In contrast, fewer clinical studies to
date have systematically investigated the correlation
between the variability of HCV regions and disease pro-
gression. However, some of those limited clinical studies
reported a correlation between amino acid substitutions in
core or NS5A with disease progression [12—15]. Despite
those reports, few studies to date support the correlation.
Moreover, it is unclear whether those viral sequences
change during disease progression or how the disease
activity is modified by those viral sequences in the long
course of chronic hepatitis.

On the other hand, regarding host factors, recent reports
disclosed a significant correlation between polymorphisms
in the IL28B gene and responses to pegylated-IFN plus
ribavirin therapy for HCV patients [16—19]. This single-
nucleotide polymorphism (SNP) also showed significant

Interferon therapy

N=20

mean observation period
HCCfor 10.8 years

HCC

N=23
mean observation period
non-HCC for11.3years

non-HCC

15 observation period
(year)

Fig. 1 a A total of 43 patients were analyzed for complete HCV ORF
sequences. They were all non-responders to the previous IFN therapy.
Twenty patients developed HCC during the observation period, while
the 23 patients did not. HCV ORF sequences were determined for the
paired samples and the predicted amino acid changes were compared
in each patient. b Specific HCV amino acid changes associated with
disease progression was evaluated by the analysis of the full-length
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correlation with natural HCV clearance [20]. However, it
remains unknown whether the IL28B SNP is related to
disease progression or the development of HCC.

In this study, we first undertook the analysis to identify
the viral regions related to disease progression and HCC
development through the analysis of complete HCV open-
reading frame (ORF) sequences. Because some regions in
HCYV core and NS5A showed characteristic changes over
time in patients developing HCC during the observation
period, we proceeded further to analyze the contribution of
those regions to disease progression, in association with
time and with the IL28B SNP.

Patients and methods
Patients

This study is based on the analysis of two groups of
patients, 43 in Group 1 and 230 patients in Group 2.

In the first part, we tried to characterize and extract viral
sequences specific to disease progression through the
analysis of complete HCV ORFs (Fig. 1a). In particular,
we focused our investigation on the changes in viral
sequences over time in association with disease progression
by comparing HCV sequences of two sufficiently distant
time points. With this aim, we determined to investigate
patients with a history of IFN therapy, because those
patients often were followed long-term with preservation
of old and recent sera. However, we excluded sustained

b NSEA
. aa 70 a.a 2133 2+2203415
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viral ORF during the observation period for each patient according to
the following rules: / 41 point for consensus to non-consensus, 2 —1
point for non-consensus to consensus, 3 0 point for non-consensus to
non-consensus. These points were added together and are shown for
HCC and non-HCC patients. Patient with later HCC development
(upper panel). Non-HCC patients (lower panel)
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virologic response (SVR) patients because we thought that
the viral clearance leads to improvement of the liver dis-
ease and, therefore, viral regions influencing the IFN
response would be extracted as affecting the course of
disease. Between March 1992 and April 2004, 273 con-
secutive patients with HCV-1b infection were given IFN
monotherapy at Yamanashi University Hospital, and 133
were followed long-term. A total of 65 patients showed
SVR, while 68 showed non-SVR. Among these 68 non-
SVRs, 43 patients were included in the study because
laboratory data and sera were available from the two dis-
tant time points (Group 1). Twenty patients developed
HCC during the observation period, while the remaining 23
did not. Regarding the sera, the first time point for both
groups was before starting IFN therapy, while the second
points were at the occurrence of HCC for the HCC group
and at the most recent visit to the hospital for the non-HCC
group (Fig. 1a).

An additional 230 HCV-1b patients were recruited
(Group 2) as the second study group. They were mainly
outpatients at Yamanashi University Hospital and were
selected randomly from those with stored sera at the time
of disease diagnosis. Sixty-five had HCC, while the
remaining 165 did not. They all were positive for HCV
RNA at the time of study, although 74 patients had a his-
tory of IFN therapy. Parts of the core and NS5A sequences
were determined at HCC onset in 65 HCC patients and at
the most recent visit to the hospital in 165 non-HCC
patients. Because historical sera around 10 years before
were also available for 55 of these 230 patients, HCV
sequence analysis was also performed for core and NS5A
at those previous time points in those patients.

From these two study groups, 228 patients (68 HCCs
and 160 non-HCCs) with available genomic DNAs were
examined to determine the IL28B SNP.

All the patients studied all fulfilled following criteria:
(1) Negative for hepatitis B surface antigen. (2) No other
forms of hepatitis, such as primary biliary cirrhosis, auto-
immune liver disease, or alcoholic liver disease. (3) Free of
coinfection with human immunodeficiency virus. (4) A
signed consent was obtained for the study protocol that had
been approved by Human Ethics Review Committee of
Yamanashi University Hospital.

Complete and partial HCV ORF sequence
determination by direct sequencing from sera

HCV RNA extraction, complementary DNA synthesis and
amplification by two-step nested PCR from serum samples
were done using the specific primers for full HCV ORF or
partial viral regions as described previously [15]. PCR
amplicons were sequenced directly by Big Dye Terminator
Version 3.1 (ABI, Tokyo, Japan) with universal M13

forward and reverse primers using an ABI prism 3130
sequencer (ABI). Generated sequence files were assembled
using Vector NTI software (Invitrogen, Tokyo, Japan) and
base-calling errors were corrected following inspection of
the chromatogram.

IL28B SNP analysis

Human genomic DNA was extracted from peripheral blood
using a blood DNA extraction kit (QIAGEN, Tokyo,
Japan) according to the manufacturer’s protocol. The allele
typing of each DNA sample was performed by real-time
PCR with a model 7500 (ABI) using FAM-labeled SNP
primer for the locus rs8099917 (ABI).

Statistical analysis

Statistical differences in the parameters, including all
available patients’ demographic, biochemic, hematologic,
and virologic data, were determined between different
groups of patients by Student’s ¢ test for numerical vari-
ables and Fisher’s exact probability test for categorical
variables. Odds ratios and their 95% confidence intervals
were used to quantify the level of association. All p values
of <0.05 by the two-tailed test were considered significant
throughout. Multiple logistic regression analyses were used
to identify the independent variables influencing core a.a.
70 residue and HCC development. Because most variables
used for the analyses were generally considered to correlate
with the disease progression, we entered all the variables
into the multiple logistic regression analysis even if some
of them did not reach significant differences in individual
univariate analysis.

Results

Comparing complete HCV amino acid sequences
between patients with and without HCC

The clinical characteristics of the 43 patients (Group 1)
analyzed for HCV ORF changes over time are shown in
Table 1. At the start of observation, clinical characteristics
did not differ significantly between the HCC group and the
non-HCC group. The mean observation period was com-
parable between the two groups and was 10.8 years for the
HCC group and 11.3 years for non-HCC group
(p = 0.745). On the other hand, platelets (p < 0.001),
albumin (p < 0.001), and AFP (p = 0.001) became sig-
nificantly lower or higher in the HCC group at the end of
observation (Table 1).

We proceeded to investigate viral amino acid changes
during the course of disease in each patient to determine
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Table 1 Patient characteristics in Group 1

At the start of observation

At the end of observation

HCC (N =20) Non-HCC (N =123) pvalue HCC (N =20) Non-HCC (N =23) p value
Observation period (years) 10.8 + 3.6 11.3 £ 3.8 0.745
Sex (male/female) 11/9 12/11 0.999 11/9 12/11 0.999
Age (years) 51.5 £ 8.0 50.0 £9.9 0.604 61.7 £+ 10.0* 61.0 + 10.9*% 0.818
Stage of fibrosis (F1/2/3/4) 1/7/6/6 5/11/4/3 0.190 N/A N/A -
AST (IU/L) 102 £+ 114 74 £ 40 0.695 71 £ 36% 51 £ 30 0.048
ALT (IU/L) 124 & 86 104 +£ 71 0411 69 £ 47* 52 £ 31* 0.159
Platelets (10~*/mm?) 16.2 & 4.8 18.3 £ 6.2 0.217 9.7 % 39* 153 £ 5.1 <0.001
Albumin (g/dL) 41+04 41+02 0.639 3.6+04 41+£05 <0.001
yGTP (IU/L) 90 £ 60 71 £ 46 0.275 69 £ 59 45 £ 38* 0.114
T.Chol (mg/dL) 169 + 28 156 £ 22 0.110 146 + 21 164 £ 5,108 0.086
Alpha-fetoprotein (ng/mL) 10.5 £ 6.8 9.3 + 10.8 0.695 424 £ 41.1 4.7 £ 2.7 0.001
HCV RNA concentration (kIU/mL) 706 £ 696 614 £+ 1,181 0.760 3,325 + 415% 4,508 & 5,108* 0.426
* Factors with significant changes over time (<0.05)
whether specific amino acid changes related to disease = Table 2 Patient characteristics in Group 2
progression could be identified. First, the consensus amino HCC Non-HCC -
acid was determined at each amino acid position in the (N = 65) (N = 165)
HCV OREF after determination of all sequences in these 43
patients. Amino acid changes were determined according ~ OPservation period (years)
to the following rules to highlight directional changes Sex (male/fomala) 423 oy e
according to disease progression: When an amino acid 8¢ (vears) 682 o 9 Q24 £1LT <000l
changed from the consensus to the non-consensus during AST (UL 66 =35 4 = 3 <0001
the observation period, we scored +1 point. Conversely, a ALT {TUHL) 67 47 44 £47 <0.001
change from the non-consensus to the consensus scored —1 ~ Platelets (10™*/mm’) 11.3£58 153+£62 <0.001
point. We scored 0 point for a change from one non-con-  Albumin (g/dL) 36+£05 44£29 0.025
sensus amino acid to another. As shown in Fig. 1b, direc-  ?GTP (IU/L) 9 +£53 38 £40 0.001
tional amino acid changes were observed throughout the  T-Chol (mg/dL) 153 + 30 165 £ 31 0.004
HCV genome to some degree both in patients with and  Alpha-fetoprotein 302 £ 1,670 10 & 25 0.025
without HCC development during the clinical course of {ngfmL)
almost 10 years, and frequent substitutions in E2 hyper- HCY BRA S04 1857 790 L8124
variable region were common in both groups. On the other E&?ﬁ?;t{?mn

hand, in patients with HCC development, as many as four
directional changes were observed at core a.a. 70 and at
three amino acid positions of NS5A (Fig. 1b, upper panel).
In contrast, in patients without HCC, the significant change
(n = 4) was observed at a.a. 2,218 of NS5A when E2
hypervariable region was excluded (Fig. 1b, lower panel).

Core and NS5A sequences in patients
with and without HCC

Because the first analysis suggested that the patients with
later HCC development might accumulate specific
mutations in core and NS5A at the time of HCC
occurrence, additional sequences were analyzed from 230
HCV-1b patients to confirm the result. The clinical
backgrounds of the additional 230 patients are shown in
Table 2 (Group 2).
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All patients were positive for HCV RNA. Between the
HCC (65 patients) and non-HCC (165 patients) groups,
HCC patients were older (p < 0.001) and more frequently
tended to be males (p = 0.018). Moreover, AST, ALT,
yGTP, and AFP were significantly higher, and platelets,
albumin, and cholesterol were significantly lower in the
HCC group. Different predicted amino acids in the core
and NS5A regions, between the two groups, are demon-
strated in Fig. 2a. The ratio of the core a.a. 70Q (gluta-
mine) or H (histidine) to R (arginine) was significantly
higher with the existence of HCC as demonstrated in
Fig. 2a (left panel). On the other hand, evident correlations
were not confirmed between mutations in NS5A and dis-
ease progression (Fig. 2a, right panel). The ratio of Q or H



