*Manuscript .
Click here to download Manuscnpt manuscript revision-Hepatology International.doc Click here to view linked References

1
Kadokura et al

Analysis of the Complete Open Reading Frame of Hepatitis C Virus in Genotype

2a Infection Reveals Critical Sites Influencing the Response to Peginterferon and

Ribavirin Therapy.

=
O W ®OJoy Ol Wl

)
N

Makoto Kadokural), Shinya Maekawal), Ryota Suekil), Mika Miural), Kazuki Komasel),

-
W

Hiroko Shindo”, Fumitake Amemiyal), Tomoyoshi Uetake", Taisuke Inouel), Minoru’

[
o

Sakamoto?, Mina Nakagawa) Naoya Sakamoto D Mamoru Watanabe”, Nobuyuki

o
0 o

Enomoto”

NNNDNN
= Ww NP O

1) First Department of Internal Medicine, Faculty of Medicine, University of Yamanash;

NN
oy '

1110, Shimokato, Chuo Yamanashi 409-3898, Japan.

w NN
OO 0]

2) Department of Gastroenterology and Hepatology, Tokyo Medlcal and Dental

w w
N =

University; 1-5-45, Yushima, Bunkyo, Tokyo, 113-8510, J apan

wwww
oy s W

‘Short title: PEG-IFN/RBV response in HCV-2a

o W W W
P O wo -

This study was supported in part by a grant-in-aid scientific research fund of

[N
w N

the Ministry of Education, Scienbe, Sports and Culture number 20390206 and in part by

WSS S s
~1 oy U >

a grant-in-aid from the Ministry of Health, Labour, and Welfare of Japan

1Y
o

(H19-kanen-002).

oo U g ong s
M WP OoOWwWOoO~-Iand WwWhH OW

— 455 —



W oo doy Ul WN

Z .

Kadokura et al

Correspondence : Shinya Maekawa M.D./Ph.D.

First Department of Internal Medicine, Faculty of Medicine, University of Yamanashi
1110, Shimokato, Chqo, Yamanashi 409-3898, J apan.b

Tel: +81-5-5273-9584

Fax: +81-5-5273-6748

E-mail: mackawa@yamanashi.ac.jp

— 456 —



W oOo-JaUd W

mmmmmmmmmmwwmwwmpp»».b.::.b.u.»uxuwwww.wwwwwl\)l\)l\)t\)l\)mwwwwr—w—-r—-n—\r—-»—-l—-n—lv—\n—-
m»hwl\)f—‘O\Om\lChU'lwbwI\)i—‘O\O_@-JO‘\(JIsbLAJNI—‘O\.O(X)\lO\(J'lrhwl\.)l—-‘OLO(I)-JO\U‘I»&UJNI—‘OKO@QO\U‘I&MNI—‘O

3
Kadokura et al
Abbreviations
EVR: .Early Virological response
[FN: Interferon
IRF-1: Interferon Regulatory Factor 1
IRRDR: Interferon Ribavirin Resistance Determinant Region
ISDR: Interferon Sensitivity Determinant Region-
OﬁF: Open Reading Frame
PEG-IFN: Pegylated-Interferon
PePHD: PKR -¢IF2 Phosphorylation Homology Domain
PKi{-BD: Double-Stranded RNA-activated Protein Kinase Binding Domain
RBV: Ribavirin
RVR: Rapid Virological Response

SVR: Sustained Virological Response
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ABSTRACT

Purpose: A proportion of patients infected with genotype 2a hepatitis C virus (HCV)
cannot achieve a sustained Viroldgicél response (SVR) to pegylated-interferon plus
ribavirin .therapy (PEG-IFN/RBYV) but the reason remains unclear. The present study
aimed to clarify the possible correlation between viral sequence variations and final
outcome.

Methods: The pretreatment complete open reading frame (ORF) sequences of genotype
2a HCV were determined by direct sequencing for two independent groups of patients
(43 patients as test; group 1 and 35 as validation; group 2), and the correlation with the
final outcome was explored. |

Results: Patients with SVR (n=58) and with non-SVR (n=20) differed significantly in
pretreatment HCV RNA level (p=0.002), fibrosis score (p=0.047), and cumulative
ribavirin dosage (p=0.003). By comparison of all amino acid positions in the complete

HCV ORFs, threonine at amino acidr(aa) 110 in the core region was remarkably

- frequent in SVR (p=0.01 for group 1, p=0.004 for group 2, and p=3E - 05 for

combined). A sliding window analysis revealed that the total numbers of amino acid
variations within the NS5A aa 2258 to 2306 region were significantly high in SVR
compared to non-SVR patients (p=0.0! for group 1, p=0.006 for group 2, and p=0.0006
for combihed). Multivariate analyses revealed that core aa 110 (p=0.02), NS5A aa
2258-2306 (p=0.03), and cumulative ribavirin dosage (p=0.02) were identified as
independent variables associated with the final outcome.

Conclusions: The outcome of PEG-IFN/RBYV therapy is significantly influenced by

variation in the core and NS5A regions in genotype 2a HCV infection.
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INTRODUCTION
Worldwide, 180 million of people are estirnafcd to be infected with hepatitis C
virus (HCV), and HCV is a major cause of chronic hepatitis, liver cirrhosié, and
hépatoceilular carcinoxlna (1). In HCV—infe?cted patients with chronic hepatitis, treatment
with interferon (IFN) can result in viral clearance and biochemical and histological
improvements(2). The response to the therapy varies according to HCV genotype and -
pretreatment HCV RNA level (3-4). |
The curréntly recommended treatment for patients infected genotype 2a HCV
with high viral load is pegylated-interferon (PEG-IFN) plus ribavirin (RBV) for 24
weeks (1). Approxima:tely 80% of paﬁcnts infected with genotype 2a HCV can achieve
a sustained virological response (SVR) with this regimen (5-6), although much lower
percentages of patients infected with other genotypes can achieve SVR, especially with
genotype 1(1). Because of its high response rate, shorter treatment duration was
suggested by some studies, aithough an agreement has not been reached yet (7-8). On
the other hand, about 20% of patients infected with this genotype cannot achieve SVR
and it remains elusive which patients show-poor responses.
| Previous studies have reported that amino acid variations in the NS5A-ISDR
(9), NS5A-IRRDR(10), NS5B(11), PKR-eIF2 phosphorylation homology domain
(PePHD) of E2(li), and core (13-14) correlate with clinical outcome of IFN-based
therapy, including PEG-IFN/RBV therapy in patients infected With genotype 1b HCV.
Recent full HCV open reading framé analysis for genotype 1 also have réported that
core, NS3, and NS5A were associated with early viral response and the outcome in
PEG-IFN/RBV therapy (15-16). However, in genotype 2a infection, only a few studies

have investigated the association between HCV sequence variation and treatment
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response (17-19), and the role of viral factors has not been established yet, especially in

the era of PEG-IFN/RBV therapy. Moreover, these previous studies investigated only

several isolated HCV genomic regions, and comprehensive analysis of the full HCV
open reading frame (ORF) has not been undertaken so far.

In the present study, to assess comprehensively the influence of viral variations

on response to the PEG-IFN/RBV therapy in genotype 2a HCV infection, we

determined the complete pretreatment HCV ORFs from Japanese patients and

investigated viral amino acid variation and their correlation with the response to the

_combination therapy of PEG-IFN plus RBV.
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PATIENTS & METHODS

Study Population
A total of 103 adult Japanese patients infected with genotype 2a HCV,V who
received the combination therapy with PEG-IFN (PEGINTRON®, Schering-Plough,
Tokyo, Japan) plus RBV (REBETOL®, Schering-Plough) between 2005 and 2008 at
University of Yamanashi, Tokyo Medical and Dental University, and re_lated institutions
were first included in the study. They all fulfilled following criteria: (1) negative for

hepatitis B surface antigen, (2) high viral load (2100 KIU/ml), (3) absence of

hepatocellular carcinoma, (4) no other form of hepatitis, such as primary biliary

cirrhosis, autoimmune liver disease, or alcoholic liver disease, (5) free of co-infection

- with human immunodéﬁciency virus. Informed consent was obtained from each patient.

The study was approved by the ethics committees of all the 'participating universities
and hospitals. The therapy wés performed acéord'mg to the standa;rd treatment protocol
of PEG-IFN/RBYV therapy for Japanese patients established by a hepatitis study gréup of
the Ministry of Health, Labour, and Welfare, Japan (PEG-IFNa-2b 1.5 pg/kg body
Weight? once weekly subcutaneously, and RBV 600-800 mg daily per os fbr 24 wéeks).
To clearly diéclose the non-SVR viral characteristics, we have considered those patients
who achieved total drug administration of 60% or more for both PEG-IFN and RBY,
with the completion of the standard treatment duration. Moreover, although we
excluded the patients with extended therapy to make the studied population uniform, we '
have included non-SVR patients with extended therapy to clarify the specific
characteristics of non-SVR patients, a minor population group. As a result, 25 patients
were excluded for the following reasons: 4 patients received insufﬁcient dose, 8 patients.

were discontinued from the ther%py within 12 weeks, and 13 SVR pafients received
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extended therapy. Finally, 78 patients were considered as eligible for the study. During
the combination therapy, blood samples were obtained at least once every month Before,
during and after treatment and were analyzed for blood count, ALT and HCV RNA
levels. Liver biopsy specimens were obtained from most of the patients.
The 78 patients belonging to the different institutions were éeparately analyzed:
43 patients registered in Y-PERS (Yamanashi Pegintron Ribavirin Study Group) were
included in group 1 (test group), and the 35 patients from Tokyo Medical and Dental
University and related institutions (Ochanqmizu Liver Conference Group) were
included in group 2 (validation group). We divided the patients into these two groups in
order to exclude the falseApositives (type 1 errors) which might arise in successive
HCV-OREF study. Since genotype-2a HCV contains as many as 3033 amino acids, it was
possible that incorrect amino acids to be judged as signiﬁlcant in full HCV-ORF
comparison study as a result of type | errors. Therefore, to guard against false positives,

HCV-ORF comparison study was undertaken in group 1, group 2, and combined group.

Complete HCV-ORF Sequence Determination by Direct Sequencing from

Pretreatment Sera

HCV RNA was extracted from pretreatment serum samples by the AGPC
method using Isogen (Waké, Osaka, Japan) according to the manufacturer’s protocol.
Coﬁplemenﬁw DNA was synthesizéd with Superscript II (Invitrogén,Tokyo, Japan)
using random primers (Invitrogen) and then amplified by two-step nested PCR using the
primers newly designed for this study. All samples were initially denatured at 95°C for 7

min., followed by 40 cycles with denaturation at 95°C for 15 seconds, annealing at 55°C
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for 15 seconds, and extension at 72°C for 45 seconds with BD AdvamtageTM 2 PCR
Enzyme System (BD Biosciences Clontech, CA, USA).

PCR amplicons were sequenced directly by Big Dye Terminator Version 3.1

(ABI, Tokyo, Japan) with universal M13 forward / M13 reverse primers using an ABI

prism 3130 seqﬁencer (ABI). Generated sequence files were assembled using Vector
NTI software (Invitrogen) and base-calling errors were corrected following inspection

of the chromatogram.

Sliding Window Analysis

A sliding window analysis was introduced to search through- HCV amino acid
“regions”, rather than single amino acid positions, related to the final outcome of
PEG-IFN/RBV therapy. Briefly, the total number of amino acid substitutions compared
to the consensus sequence within a given amino acid length were counted in each amino
acid positioh in each HCV sequence. Then the relation of substitution numbers and the :
final outcome was compared statistically between the SVR and non-SVR groups by
Mann-Whitney's U test for each amino acid position. In this study, we changed the
window length from 1 to 50 to search for those HCV regions. To visualize the result,
significantly lower p-values were colored in red and non-significant p-values were
colored in green to generate a “heat map” appearanée using Microsoft Excel software.

In the present study, p-value of 1/1000 or lower was colored in the maximum red.

Statistical Analysis

Statistical differences in the parameters, including all available patients’
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demographic, biochemical, hematological, and virological data such as sequence
variation factors, was determined between the various groups by Student t test or
Mann-Whitney's U test for numerical variables and Fisher’é exact probébility test for
categorical variables. To evaluate ;che optimal threshold of variations for SVR
prediction, the receiver operating characteristic curve was constructed. Variables that
achieved statistical signiﬁcancé (p<0.05) in univariate analysis were entered into

multiple logistic regression analysis to identify significant independent factors. We also

calculated the odds ratios and 95% confidence intervals. All p values of <0.05 by the

two-tailed test were considered significant.
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RESULTS

Characteristics of the patients studied

Of the patients analyzed, the SVR rate was 78.3% (58/74) with the standard
therapy (four non-SVR patients received an extended ‘therapy). The baseline
characteristics of the patients (group 1, group2, and combined) classified according to
SVR achievement are shown in Table 1. Fibrosis score (p=0.047) and HCV RNA levels
(p=0.002) were significantly higher in non-SVR patients, but the cumulative ribavirin
dose =80% (p=0.003) and rapid virological response (RVR) rate (p=0.01) were
significantly higher in SVR patients. In addition, patients with non-SVR had a tendency
to be older (p=0.058). Achievement of RVR reached 61.5% when all patieﬁts were
included, and this rate was extrcmely high compared to achievement of RVR in ;;atients
with genotype 1b infection (~10%) ob%erved in Yamanashi Uni“versity Hospital (data not
shown). Th_e early virological response (EVR) rate was equally high in the SVR (1'00%)
and non-SVR (89%) groups, showing that relapse to be the characteristic feature of the
non-SVR patients with genotype 2a HCV. Actually, 18 patients in non-SVR were

relapser, while two patients were null responder.

Comparison of amino acid variations between the_ SVR and non-SVR in the
complete HCV polyprotein and each HCV protein

To determine Whethér the sequence variatiéns differed between the SVR and -
non-SVR groups, we first compared amino acid variations that were unique, relative to
a population consensus, to either the SVR or non-SVR patients for the complete HCV

polyprotein and each HCV protein. The number of amino acid variations in the
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sequences from the SVR patients was significantly higher than in those from the
nén-SVR patients, when the e;ntire HCV polyprotein was analyzed (Fig.1, left). These
differences ‘were especially significant in E1 and NS3 (Fig.1, right). This 'reéult
demonstrated that HCV sequences from patien’gs with SVR comprised a heterogeneous
population, while HCV sequences from patients with non-SVR comprised a rather
homogeneous population, indicating the existence of unique non-resﬁonsive HCV

sequences.

Comparison of HCV sequence variation between the SVR and non—SVR patients at
each amino acid bosition

Next, each amino acid position in the HCV ORF was compared to detect any
differences between the SVR and non-SVR patients after determination of the
consensus sequence from all 78 patients. In Fig.2a, the final differences of the two
independent studies combinéd are shown as dots demonstrating — logP vélues. As shown
in the figure, amino acid usage at amino acid 110 in the core region differed strikingly
between the two groups (p=5E-03). The site was detected in group 1 (p=0.01) and was
validated in group 2 (p=0.004) (Table 2a), and the final p-value became remarkably
high, making the p-value at this site most significantly low. Variations of aa 773 in p7,
aa 2099 in the NS5A, and aa 3013 in NS5B were also shown to differ significantly
between the SVR and the non-SVR patients when the two studies were combined;
however, they Were not confirmed by one of the studies (Table 2a). Fig.2b shows the
aligned sequences of amino acids 1-120 of the core region. Substitutions at aa 110 from
non-T (N/S) to T were significantly more frequent in SVR (32/58, 55.2%) than in

non-SVR (1/20, 3.6%, p=35E-05). Amino acid 4, the site reported recently to vary
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according to the viral response in genotype 2a infection, did not differ significantly in
our study. Amino acid 70 and 91, which have been reported to vary according to viral
response to PEG-IFN/RBV therapy in genotype 1b infection, were conserved

irrespective of the outcome.

Comparison of ‘amino acid variation between the SVR and non-SVR patients
across HCV “regions” using slid‘ing window analysis

| Fig.2c shows the combined result of sliding window analysis for study groups
1 and 2, this approach was used to detect differing HCV amino acid “regidns”, rather
than single amino acid pbsitions, between the SVR and the non-SVR patients.
According to the result, four regions were notably associated with the final outcome
(p-values less than 1/1000). Core aa 110, detected as a single amino acid position

discriminating between the SVR and the non-SVR patients, was also identified as one

- of these regions. Because core aa 110 was already known for its strong correlation with

the response as above, the region was excluded from further analysis. Among the other

three regions, onlleS5A aa 2258-2306 showed significant differences in the two

_indépendent study groups (Table 2b). Interestingly, the NSSA region overlapped the

PKR-binding domain, which includes the interferon sensitivity determining region
(ISDR). Fig.2d shows the aligned sequences of amino acids around 2258-2306 of HCV
NSS5A. As with previous studies, variations in the ISDR were also signiﬁc‘antly‘ more

frequent in SVR patients.

Multivariate analysis to detect independent factors contributing to the SVR

Multivariate analysis revealed that variation of core aa 110, the total number of
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substitutions within NS5A aa 2258-2306, and total ribavirin dose >80% were finally

identified as the independent variables influencing the final outcome (odds ratio 24.7,

'11.5 and 16.0; p = 0.02, 0.03 and 0.02, Table 3).

Biological relevancé of variation in core and NS5A in this study group

To determine biological relevance of core aal10 and NS5A aa2258-2306, we
investigated their relationship with clinical background factors. Mﬁltiple variations in
the NS5A region aa‘ 2258-2306 were significantly related to pretreatment HCV RNA
titer (p=9E~05, Fig. 3 and Table 4a). Interestingly, variation of the core aall0 was

significantly associated with the patients’ age (p=0.03, Table 4b).

— 468 —



C oo whNPE

mmmmmmmmmmmmmwmw».b‘»»»b.b.:>a>.:=.wwwwwwwuwwmwl\)r\)r\)l\)l\)l\)mwwr—w—:p|—J|—\b—l|—-|—t|—'
U‘l-hwl\)l—‘OkOCU\lmU'l-b-wl\)lr—‘OLOm\]mtﬂbwl\)l—‘okom\]m(.ﬂlbw[\)l—'ok.oOD\]G\U'IJ:U)I\)I—'O\DG)\IOWU'I#UJN}—‘D

15

Kadokura et al

DIS}CU.SSION

In this study, based on analysis of complete HCV ORF sequences and
comparison of SVR and non-SVR patients in two independent study groups, we have
shown that amino acid variations in the‘core and NS5A correlate most significantly withv
the. final outcome in the treatment for genotype 2a chronic hepatitis C. The study ié
unique in that the ‘pétients studied were ail Japanese, excluding any affect of racial
differences and providing a clearer analysis of the viral differences.

From the analysis of the characteristics of patients infected with genotype 2a
HCYV, it was clear that most non-SVR patients responded to the PEG-IFN/RBV therapy
at least traﬁsiently, given that most of these non-SVR patiénts (89%) achieved EVR.
This result demonstrated that most non-SVR patients were rélapser, but were not
null-responders as observed frequently among genotype 1b patients treated with
PEG-IFN/RBYV therapy. Therefore, we comparéd the different viral responses according
to the final outcome of SVR or non-SVR.

Variation of core aa 110 was identified as the single amino acid residue most
significantly related to the final outcome (p=35E-05). In recent studies of ueaﬁnent of
genotype 1b infection with PEG-IFN/RBV, amiﬁo acid variation in the core region was
reported to be associated with response. It is interesting that the core region was also
identified as an HCV gene associated with the response to PEG-IFN/RBV therapy of |
genotype 2a infection, although the amino acid residues of core in gehotype 1b were
different, being aa 70 and aa 91. It is also interesting that amino acids aa 70 and aa 91
are conserved as arginine 'a1‘1d‘ leudine, respectively, in genotypé 2a, as reported to be
associated with favorable PEG-IFN/RBV responses in genotype 1b infection, consistent

with the association with a high SVR rate in genotype 2a infection. Very recently, a
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correlation was reported between amino »acid variations ifl the core region and viral

responses of genotype 2a HCV infection (20). Though the result seems discrepant from

our study, we suspect the inconsistent results were at least partially attributable to the

different groupé used in cdmparison: we compared the difference bet@een non-SVR

patients and SVR patients while they compared the difference between non-SVR and
RVR patients. |

In systemic searching for the viral “regions” associated with the treatment
outcome, NS5A aa2258-2306 was identified by twd independent studies. Interestingly,
the region overlaps the PKR-binding domain (PKR-BD), including the ISDR, in which
the number of amino acid substitutions is known to be felated to the response to
IFN-based therapy in genotype 1b, and also in genotype 2a (17-18). Therefore, we also
confirmed that total number of substitutions in the ISDR and PKR-BD is significantly
associated with the final outcome in this group of patients when the two studies were
combined.

Some viral regions other than core and NS5A also showed the potential
association with the final outcome. Viral single éminp acid .substitutions of aa 773 in p7,
aa 2099 in the NS5A, and aa 3013 in NSSB, or viral regions in/El aa 400-403 and in E2
aa 724-744 were more frequent in SVR. However, because these were not extracted as
significant in one of the two studies when arialyzed separately, additional studies are
needed to con‘ﬁnn the association with the final outcome. On the other hand, we could
not find an association with thé final outcome and the PePHD or IRRDR, including the
V3 regions (data not shown) reported 1o HCV infection (21-22).

It is interesting that the variation ‘of the core region showed the clear

association with age. The younger patients with core aa 110T showing favorable
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responses while the older patients with core aa 110 non-T showed unfavorable
responses. It is possible that different response rates according to the patients’ ages in
genotype 2a infection might have been related to the core substitutions, although further
study is needed. In NSS5A, it was reported that the variations within the PKR-binding
region, including ’those within the ISDR, can disrupt the NS5A-PKR interaction,
possibly rendering HCV sensitive to the antiviral effects of interferon (23). Clinically,
the number of substitutions within the region has béen reported to correlate with the .
serum HCV RNA level (12). We also confirmed that the number of substitutions within
the NSSA aa 2258-2306 was significantly associated with the pretreatment HCV RNA
titers. - ‘

Multivariate analysis of the combined group of patients showed that variation

of core aa 110, NS5A aa 2258-2306, and total ribavirin dose 280% were independent

variables associated with the final outcome (Table. 3). The association of ribavirin dose
and HCV relapse rate was reported previously (24) and that result was confirmed in this
study. On the other hand, the total PEG-IFN dosage was not identified when it was
administered at greater than 60% of the initially scheduled amount. Indeed, whenthg
drug dosage is excluded, the strongest association was seen in the viral @lements of core
and NS5A, revealing the importance of these two regions in the treatment of genotype
2a HCV infection with PEG-IFN/RBV therapy.

On the other hand, our study still has some limitations. In recent studies, [L28B
single nucleotide polymorphisms were reported to Be correlated significantly with the
treatment response in genétype 1b HCV infections (25-26). In genotype 2a HCV
infection, a correlation Wasv also reported to exist behNgen the IL28B SNP and the

treatment response (27). However, we could not investigate the association of the [L28B
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single nucleotide polymorphiéms in the treatment response in genotype 2a HCV

infections. In addition, the number of analyzed patients was rather small, especially in
non-SVR patients.

In conclusion, by comprehensive investigation of the complete HCV ORF in
patienté showing different responses to PEG-IFN/RBV therapy, we have demonstrated
that amino acid variation in the core and NS5A are significantly associated with the
final outcome of treatment of genotype 2a chronic hepatitis C. Considering this result,
determination of those HCV regions before treatment might provide further benefits for

the patients infected with genotype 2a HCV.
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