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Supplementary Materials and Methods
Plasma Amino Acid Analysis

Plasma sample amino acid concentrations were
measured by high-performance liquid chromatogra-
phy-electrospray ionization-mass spectrometry fol-
lowed by derivatization.! An MSQ Plus LC/MS system
(Thermo Fischer Scientific, Waltham, MA) equipped
with an electrospray ionization source was used in
positive ionization mode for selected ion monitoring.
Xcalibur version 1.4 SR1 software (Thermo Fischer
Scientific, Yokohama, Japan) was used for data collec-
tion and processing. The high-performance liquid
chromatography separation system consisted of an
L-2100 pump, L-2200 autosampler, and L-2300 col-
umn oven (Hitachi High-Technologies Corporation,
Tokyo, Japan). A Wakosil-1I 3C8-100HG column (100,
2.1, 3 mm; Wako Pure Chemical Industries, Osaka,
Japan) was used for the separation, and the mobile
phase consisted of eluent A (25-mmol/L ammonium
formate in water, pH 6.0} and eluent B (water:acetoni-
trile = 40:60).

Western Blotting

The expression of HCV core protein, Socs3,
Foxo3a, phospho-Foxo3a (Ser253) (pFoxo3a), STATI,
PSTAT1 (Tyr701), S6K, pS6K, p-mTOR (Ser2448), Rap-
tor, and B-actin were evaluated with mouse anti-core
(Affinity BioReagents, Golden, CO), mouse anti-Socs3
(Santa Cruz Biotechnology, Santa Cruz, CA), rabbit anti-
Foxo3a, rabbit anti-B-actin (Sigma-Aldrich, St Louis,
MO), rabbit anti-phospho-Foxo3a (Ser253), rabbit anti-
STAT1, rabbit anti-p-STAT1 (Tyr701), rabbit anti-p70
S6K, rabbit anti-pS6K, rabbit anti-p-mTOR (Ser2448),
and rabbit anti-Raptor (Cell Signaling Technology, Bev-
erly, MA), respectively. Densitometric analysis was con-
- ducted directly on the blotted membrane using a charge
coupled device camera system (LAS-3000 Mini; Fujifilm,
Tokyo, Japan) and Scion Image software (Frederick, MD).

Primer Sequences for PCR and siRNA

Primer sequences for PCR and siRNA were as
follows: 2'5'OAS: forward 5'- CTC AGA AAT ACC CCA
GCC AAA TC-3', reverse 5'-GTG GTG AGA GGA CTG
AGG AA-3’; Socs3: forward 5'-TAC CAC CTG AGT CTC
CAG CTT CTC-3’, reverse 5'-CCT GGC AGT TCT CAT
TAG TTC AGC ATT C-3’; Foxo3a: forward §'-TGC TGT
ATG CAA GAA CTT TCC AGT AGC AG-3', reverse §'-
ACT CTA GCC CCC ATG CTA CTA GTG-3'; glyceralde-
hyde-3-phosphate dehydrogenase: forward 5'-GAA GGT
GAA GGT CGG AGT-3', reverse 5'-GAA GAT GGT GAT
GGG ATT TC-3', siFoxo3a (SASI_Hs01_00119127;
Sigma) sense: §'-GAA UGA UGG GCU GAC UGA
AdTdT-3', antisense: 5'-UUC AGU CAG CCC AUC AUU
CdTdT-3'. Small interfering Raptor was purchased as
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part of KIAA1303 siGENOME SMART pool siRNA re-
agents from Dharmacon, Inc (Lafayette, CO).

Construction of ISRE-Luc Reporter and
FBEmut-luc Reporter Plasmids

Oligonucleotides containing the ISRE tandem re-
peat sequence (sense 5'-TCG AGA ACT GAA ACT GAA
ACT GAA ACT GAA ACT GAA ACT GAAACT GAAACT
GAA ACT GAA A-3’, antisense 5'-AGC TTT TCA GTT
TCAGTTTCAGTTTCAGTT TCAGTT TCA GTT TCA
GTT TCA GTT TCA GTT C-3', consensus 5'-GAA Ann
GAA ACT-3') were annealed, and integrated into Xho I
and Hind III sites of the pGL4.23 luciferase vector (Pro-
mega). The human Socs3 promoter region (-109/+217)
was amplified by genomic PCR using specific primers
(forward, 5'-TGC TGC GAG TAG TGA CTA AAC ATT
ACA AG-3' and reverse, 5'-CCG TGA AGT CCA CAA
AGG AGC CTT C-3") and cloned into the EcoR V site of
the pGL4.10-luc2 reporter vector (Promega). The Socs3
FBE mutant reporter vector was created by substituting 2
adenines in the putative FBE with guanines (wild-type
sequence S'-CTAAACA-3', mutated sequence S5'-CT-
GAGCA-3").

ChIP Assay

For the ChIP assay using the anti-ISGF3vy anti-
body, 1 X 10¢ Huh-7 cells were treated with IFN-alfa (0 or
100 U/mL) and BCAA (2 mmol/L) in low-amino-acid
medium for 6 hours. For ChIP using the anti-Foxo3a
antibody, 1 X 10°¢ Huh-7 cells were cultured in low-
amino-acid medium for 24 hours.

Cells were cross-linked with 1% formaldehyde in PBS
for 10 minutes at 37°C, and the reaction was stopped
with 250 mmol/L glycine for 10 minutes. Cells were
suspended in sodium dodecyl sulfate-lysis buffer (1%
sodium dodecyl sulfate, 10 mmol/L ethylenediaminetet-
raacetic acid [EDTA], 50 mmol/L Tris-HCl [pH 8.1]),
complete protease inhibitor cocktail (Roche Applied Sci-
ence), and incubated for 30 minutes at 10°C. Cell lysate
was sonicated with Bioruptor (Cosmo Bio, Tokyo, Japan)
to obtain chromatin fragments and diluted 10-fold in
ChIP dilution buffer (0.01% sodium dodecyl sulfate, 1.1%
Triton-X 100, 1.2 mmol/L EDTA, 16.7 mmol/L Tris-HCl
[pH 8.1}, 150 mmol/L NaCl, complete protease inhibitor
cocktail). Chromatin fragments were incubated with 2 ug
ISGF3vy antibody (Santa Cruz Biotechnology), 2 ug
Foxo3a antibody (H-144; Santa Cruz Biotechnology), or
normal rabbit immunoglobulin G for 18 hours at 4°C.
Dynabeads (30 uL) protein G (Invitrogen) was added and
incubated for 1 hour at 4°C. The beads were washed with
low-salt-wash buffer (0.1% sodium dodecyl sulfate, 1%
Triton-X 100, 2.0 mmol/L EDTA, 20 mmol/L Tris-HCl
[pH 8.1}, 150 mmol/L NaCl), high-salt-wash buffer (0.1%
sodium dodecyl sulfate, 1% Triton-X 100, 2.0 mmol/L
EDTA, 20 mmol/L Tris-HCl [pH 8.1}, 500 mmol/L NaCl),
LiCl wash buffer (250 mmol/L LiCl, 1% NP-40, 1% de-
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oxycholate, 1.0 mmol/L EDTA, 1.0 mmol/L Tris-HCI [pH
8.1]) and Tris-EDTA buffer. Immunoprecipitated chro-
matin fragments were eluted with elution buffer (1%
sodium dodecyl sulfate, 100 mmol/L NaHCO3, 10
mmol/L dithiothreitol), and reverse cross-linked by incu-
bating for 6 hours at 65°C in elution buffer containing
200 mmol/L NaCl. DNA fragments were purified and
quantified by real-time detection PCR with primers for
putative ISRE in the 2'5'OAS promoter region (forward,
S'-AAA TGC ATT TCC AGA GCA GAG TTC AGA G-3/,
reverse, 5'-GGG TAT TTC TGA GAT CCA TCA TTG
ACA GG-3') or putative FBE in the Socs3 promoter
region (forward, 5'-TGC TGC GAG TAG TGA CTA AAC
ATT ACA AG -3/, reverse, 5'-AGC GGA GCA GGG AGT
CCA AGT C-3’). Values were normalized by the measure-
ment of input DNA.

PH778.3/GLuc2A

pH775.2 is a modification of pH77S? containing
an additional mutation within the E2 protein (N476D in
the polyprotein) that promotes infectious virus yields
from RNA-transfected cells (Yi et al, unpublished data).
To monitor replication, the GLuc sequence, fused at its C
terminus to the foot-and-mouth disease virus 2A auto-
protease, was inserted between p7 and NS2 of pH77S.2
(Supplementary Figure 4). To insert the GLuc-coding
sequence between p7 and NS2 in pH77S.2, followed by
the foot-and-mouth disease virus 2A protein-coding se-
quence, Mlu I, EcoR V, and Spe I restriction sites were
created between the p7 and NS2 coding sequences by
site-directed mutagenesis. DNA coding for GLuc was
subcloned into the Mlu I and EcoR V sites of the modi-
fied plasmid after PCR amplification using the primers:
§'- ATA ATA TTA CGC GTA TGG GAG TCA AAG TTC
TGT TTG CC-3' (sequence corresponding to the N-termi-
nal GLuc is italicized and that corresponding to Mlu I is
underlined) and 5'-ATA AAT AGAT ATC GTC ACC ACC
GGC CCC CTT GAT CTT-3' (C terminal GLuc is italicized
and EcoR V is underlined). A DNA fragment encoding
the 17 amino acids of the foot-and-mouth disease virus
2A protein was generated by annealing the following
complementary oligonucleotides: 5’- ATA TGA TAT CAA
CTT TGA CCT TCT CAA GTT GGC CGG CGA CGT
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CGA GTC CAA CCC AGG GCC CAC TAG CAT AT-3'
and §'-ATA TGC TAG TGG GCC CTG GGT TGG ACT
CGA CGT CGC CGG CCA ACT TGA GAA GGT CAA
AGT TGA TAT CAT AT-3' (underlined sequences indi-
cate EcoR V and Spe I sites). The annealed oligonucleo-
tides were digested by both restriction enzymes and the
product inserted into the corresponding sites of pH77S.2
containing GLuc to generate pH77S.2/GLuc2A. Q41R is
a cell-culture adaptive mutation within the NS3 protease
domain of pH77S. Because it is not essential for produc-
tion of infectious virus (Yi et al, unpublished data),
pH77S8.2 and pH77S.2/GLuc2A constructs underwent
this mutation by site-directed mutagenesis of a PCR
fragment spanning the Afe I and BstG I sites to replace
Glngy with wild-type Arg. The resulting plasmids
(pH775.2/R41Q and pH77S.2/GLuc2A/R41Q) were re-
designated pH77S.3 and pH77S.3/GLuc24, respec-
tively.>* GLuc has several advantages over other lu-
ciferase reporter enzymes in that it is smaller and allows
more sensitive detection than either firefly or Renilla
luciferase.>* In addition, a signal sequence directs its
secretion into cell-culture media, allowing real-time dy-
namic measurements of GLuc expression without the
need for cell lysis. H77S.3/GLuc2A RNA produces infec-
tious virus, although with lower efficiency than H77S.3
RNA (10-fold less).
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Abstract

Purpose A proportion of patients infected with genotype
2a hepatitis C virus (HCV) cannot achieve a sustained
virological response (SVR) to pegylated-interferon plus
ribavirin therapy (PEG-IFN/RBV) 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 (7 = 58) and with non-SVR
(n = 20) differed significantly in pretreatment HCV RNA
level (p = 0.002), fibrosis score (p = 0.047), and cumu-
lative RBV dosage (p = 0.003). By comparison of all
amino acid positions in the complete HCV ORFs, threonine
at amino acid (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 = SE—05 for combined). A sliding window
analysis revealed that the total number of amino acid
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variations within the NS5A aa 2258-2306 region were
significantly high in SVR compared to non-SVR patients
(p =0.01 for group 1, p =0.006 for group 2, and
p = 0.0006 for combined). Multivariate analyses revealed
that core aa 110 (p = 0.02), NS5A aa 2258-2306
(p = 0.03), and cumulative RBV dosage (p = 0.02) were
identified as independent variables associated with the final
outcome.

Conclusions The outcome of PEG-IFN/RBV therapy is
significantly influenced by variation in the core and NS5A
regions in genotype 2a HCV infection.

Abbreviations

EVR Early virological response

IFN Interferon

IRRDR Interferon ribavirin resistance determinant
region

ISDR Interferon sensitivity determinant region

ORF Open reading frame

PEG-IFN Pegylated-interferon

PePHD PKR-eIF2 phosphorylation homology domain

PKR-BD  Double-stranded RNA-activated protein
Kinase binding domain

RBV Ribavirin

RVR Rapid virological response

SVR Sustained virological response

Introduction

Worldwide, 180 million of people are estimated to
be infected with hepatitis C virus (HCV), and HCV is a
major cause of chronic hepatitis, liver cirrhosis, and
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hepatocellular carcinoma [1]. In HCV-infected 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 currently recommended treatment for patients
infected genotype 2a HCV with high viral load is pegy-
lated-interferon (PEG-IFN) plus ribavirin (RBV) for
24 weeks [1]. Approximately 80% of patients 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, although 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 varia-
tions in the NS5A-interferon sensitivity determinant region
(ISDR) [9], NS5A-interferon ribavirin resistance determi-
nant region (IRRDR) [10], NS5B [11], and PKR-eIF2
phosphorylation homology domain (PePHD) of E2 [12],
and core [13, 14] correlate with clinical outcome of IFN-
based therapy, including PEG-IFN/RBYV therapy in patients
infected with genotype 1b HCV. Recent full HCV open
reading frame (ORF) analysis for genotype 1 also has
reported 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 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 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 deter-
mined the complete pretreatment HCV ORFs from Japa-
nese patients and investigated viral amino acid variation
and their correlation with the response to the combination
therapy of PEG-IFN plus RBV.

Patients and methods
Study population

A total of 103 adult Japanese patients infected with geno-
type 2a HCV, who received the combination therapy with
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PEG-IFN (PEGINTRON®, Schering-Plough, Tokyo,
Japan) plus RBV (REBETOL®, Schering-Plough) between
2005 and 2008 at the University of Yamanashi, Tokyo
Medical and Dental University, and related institutions
were first included in the study. They all fulfilled the fol-
lowing criteria: (1) negative for hepatitis B surface antigen;
(2) high viral load (>100 KIU/ml); (3) absence of hepa-
tocellular carcinoma; (4) no other form of hepatitis, such as
primary biliary cirrhosis, autoimmune liver disease, or
alcoholic liver disease; and (5) free of co-infection with
human immunodeficiency 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 was performed according to the
standard treatment protocol of PEG-IFN/RBV therapy for
Japanese patients established by a hepatitis study group of
the Ministry of Health, Labour, and Welfare, Japan (PEG-
IFNo-2b 1.5 ng/kg body weight, once weekly subcutane-
ously, and RBV 600-800 mg daily per os for 24 weeks).
To clearly disclose the non-SVR viral characteristics, we
have considered those patients who achieved total drug
administration of 60% or more for both PEG-IFN and
RBV, 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 exten-
ded 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 therapy within 12 weeks, and 13 SVR patients
received extended therapy. Finally, 78 patients were con-
sidered 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 separately 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 institu-
tions (Ochanomizu Liver Conference Group) were inclu-
ded in group 2 (validation group). We divided the patients
into these two groups to exclude false positives (type I
errors) which might arise in successive HCV-ORF study.
Since genotype-2a HCV contains as many as 3,033 amino
acids, it was possible that incorrect amino acids can be
judged as significant in full HCV-ORF comparison study as
a result of type I errors. Therefore, to guard against false
positives, HCV-ORF comparison study was undertaken in
group 1, group 2, and combined group.
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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 (Wako, Osaka, Japan)
according to the manufacturer’s protocol. Complementary
deoxyribonucleic acid (DNA) was synthesized with
Superscript II (Invitrogen, 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, fol-
lowed by 40 cycles with denaturation at 95°C for 15 s,
annealing at 55°C for 15 s, and extension at 72°C for 45 s
with BD Advantage™ 2 PCR Enzyme System (BD Bio-
sciences 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 sequencer (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 was counted in each amino acid
position in each HCV sequence. Then the relation of sub-
stitution 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” appearance using Microsoft Excel software. In
the present study, p value of 1/1,000 or lower was colored
in the maximum red.

Statistical analysis

Statistical differences in the parameters, including all
available patients’ demographic, biochemical, hematolog-
ical, and virological data, such as sequence variation fac-
tors, were determined between the various groups by
Student ¢ test or Mann—Whitney’s U test for numerical
variables and Fisher’s exact probability test for categorical
variables. To evaluate the optimal threshold of variations
for SVR prediction, the receiver operating characteristic

curve was constructed. Variables that achieved statistical
significance (p < 0.05) in univariate analysis were entered
into multiple logistic regression analysis to identify sig-
nificant independent factors. We also calculated the odds
ratios and 95% confidence intervals. All p values <0.05 by
the two-tailed test were considered significant.

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 RBV dose >80% (p = 0.003) and rapid
virological response (RVR) rate (p = 0.011) were signifi-
cantly 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 patients
were included, and this rate was extremely high compared
to achievement of RVR in patients with genotype 1b
infection (~10%) observed in Yamanashi University
Hospital (data not shown). The early virological response
(EVR) rate was equally high in the SVR (100%) and non-
SVR (89%) groups, showing that relapse to be the char-
acteristic feature of the non-SVR patients with genotype 2a
HCV. Actually, 18 patients in non-SVR were relapsers,
while two patients were null responders.

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

To determine whether the sequence variations differed
between the SVR and non-SVR groups, we first compared
amino acid variations that were unique, relative to a pop-
ulation 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 sequences from
the SVR patients was significantly higher than in those
from the non-SVR patients, when the entire HCV poly-
protein was analyzed (Fig. 1, left). These differences were
especially significant in E1 and NS3 (Fig. 1, right). This
result demonstrated that HCV sequences from patients 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-responsive HCV sequences.
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Table 1 Baseline characteristics of all patients (groups 1 and 2)

Characteristic SVR (n = 58) Non-SVR (n = 20) P value®
Group 1 Group 2 Combined Group 1 Group 2 Combined
(n = 36) (n=22) (n = 58) n="7 (n=13) (n =20)
Gender (male/female) 20/16 9/13 29/29 4/3 5/8 9/11 0.80"
Age (years) 50.0 & 12.5% 573 +10.0 524 £ 121 - 550+£97 59.8 + 64 581478 0.058%
ALT qUN) 86.6 + 86.6 712 £ 504 8051742 5294293 88.1 £ 90.1 75.8 £ 755 0.81%
Platelet (x10*/mm>) 20.8 £ 6.2 19.0 £ 52 20.1 £5.8 147 £ 7.1 19.1 49 17.6 £ 6.0 0.11%
Fibrosis score (0-2/>3) 34/1 1972 53/3 4/3 1172 15/5 0.049"
HCV RNA (KIU/ml) 760 340 550 1,300 1,400 1,300 0.002"
(2-3,100)%** (54-3,600) (12-3,600) (350-30,000) (180-5,000) (180-30,000)
IFN dose (>80%/60-80%)"  28/4 21/1 49/5 4/3 1172 15/5 0.12f
Ribavirin dose 27/5 17/5 44/10 4/3 5/8 9/11 0.003"
(>80%/60-80%)"
RVR rate (%) 87.5 54.5 74.1 333 46.1 42.1 0.0227
EVR rate (%) 100 100 100 66.7 100 89.4 0.07

* Mean £ SD; ** median (range); T Fisher’s exact probability test; ! Student ¢ test; I Mann—Whitney’s U test; & p values between all SVR
(n = 58) versus all non-SVR (n = 20)
Several clinical characteristics listed above were unavailable in some patients. § SVR: n = 56 (35 in group 1, 21 in group2), non-SVR:
n =17 (7 in group 1, 10 in group 2); T SVR: n = 54 (32 in group 1, 22 in group 2)
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region differed strikingly between the two groups
(p = SE—05). The site was detected in group 1 (p = 0.01)

at each amino acid position and was validated in group 2 (p = 0.004) (Table 2), 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 2). Figure 2b shows the aligned sequences of amino

acids 1-120 of the core region. Substitutions at aa 110 from

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 differ-
ences of the two independent studies combined are shown
as dots demonstrating —log P values. As shown in the
figure, amino acid usage at amino acid 110 in the core
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Fig. 2 a Different amino acid usages at each viral amino acid
position between the sustained viral responders (SVR) and the non-
sustained viral responders (non-SVR) patients. Amino acid variation
was determined between SVR and non-SVR patients by Fisher’s
exact probability test. The longitudinal axis shows the —log P value.
b Sequence alignment in the core region. Dashes indicate amino acids
identical to the consensus sequence and substituted amino acids are
shown by standard single letter codes. ¢ Sliding window analysis.

Viral regions affecting treatment outcomes are shown in dark spots.
There are four hot spots: at core amino acid 110, amino acids
400-403 (i.e., the hypervariable region) in Envelope 2 (E2) region,
amino acids 724-743 in E2, and amino acids 2258-2306 in the
nonstructural (NS) 5A. d Sequence alignment amino acids in the
nonstructural (NS) S5A around amino acids 2258-2306. Dashes
indicate amino acids identical to the consensus sequence and
substituted amino acids are shown by standard single letter codes
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Fig. 2 continued

non-T (N/S) to T were significantly more frequent in SVR  to the viral response in genotype 2a infection, did not differ
(32/58, 55.2%) than in non-SVR (1/20, 3.6%, p = 5E—05). significantly in our study. Amino acid 70 and 91, which
Amino acid 4, the site reported recently to vary according  have been reported to vary according to viral response to
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Table 2 Variations in each amino acid position and SVR rate
Position Group 1 (n = 43) p value Group 2 (n = 35) p value Combined (n = 78) p value
Core aa 110
T 100% (19/19) 0.01 92.9% (13/14) 0.004 97% (32/33) 5E—05
Non T 70.8% (17/24) 42.9% (9/21) 57.8% (26/45)
p7 aa 773
v 77.4% (24/31) 0.16 53.6% (15/28) 0.03 66.1% (39/59) 0.002
Non V 100% (12/12) 100% (7/7) 100% (19/19)
NS5A aa 2099
R 92.9% (13/14) 0.40 91.7% (11/12) 0.01 92.3% (24/26) 0.01
Non R 79.3% (23/29) 47.8% (11/23) 65.4% (34/52)
NS5B aa 3013
L 78.9% (26/33) 0.17 47.8% (11/23) 0.01 66.1% (37/56) 0.008
Non L 100% (10/10) 91.7% (11/12) 95.5% (21/22)
Table 3 Number of amino acid substitutions in each region and SVR rate
Region Group 1 (n = 43) p value Group 2 (n = 35) p value Combined (n = 78) p value
E2 aa 400-403
Mutation > 2 89.3% (25/28) 0.22 100% (11/11) 0.002 92.3% (36/39) 0.0005
Mutation 0-1 73.3% (11/15) 45.8% (11/24) 56.4% (22/39)
E2 aa 724-743
Mutation > 1 100% (28/28) 0.0002 T2% (18/25) 0.12 86.8% (46/53) 0.0006
No mutation 53.3% (8/15) 40% (4/10) 48% (12/25)
ISDR(aa 2213-2248)
Mutation > 2 100% (15/15) 0.08 86.7% (13/15) 0.02 93.3% (28/30) 0.003
Mutation 0-1 75% (21/28) 45% (9/20) 62.5% (30/48)
NS5A aa 2258-2306
Mutation > 5 84.2% (16/19) 0.006 92.1% (35/38) 0.0006

100% (19/19) 0.01

Mutation 0-4 70.8% (17/24)

37.5% (6/16)

57.5% (23/40)

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
sliding window analysis

Figure 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 “regions”, rather than
single amino acid positions, 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 1/1,000). 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, only NS5A aa 2258-2306 showed significant
differences in the two independent study groups (Table 3).
Interestingly, the NS5A region overlapped the PKR-bind-
ing domain, which includes the IFN sensitivity determining
region (ISDR). Figure 2d shows the aligned sequences of
amino acids around 2258-2306 of HCV NS5A. As with
previous studies, variations in the ISDR were also signifi-
cantly 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 substitutions within NS5A aa
2258-2306, and total RBV dose >80% were finally
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Table 4 Multivariate logistic regression analysis

Factor Odds (95% CI)  p value
Age 1.01 (0.91-1.13) 0.85
HCV RNA 1.00 (1.00-1.00) 0.09

Fibrosis score 23/0-2

RVR achievement

Ribavirin dose >80%

Core aa 110 T

NS5A aa 2258-2306 mutations 0-4/25

2.37 (0.21-26.7)  0.48
3.46 (0.54-22.1) 0.19
16.0 (1.66-153)  0.02
247 (1.72-353)  0.02
11.5 (1.23-108)  0.03

100008 w
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=
z 4
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Fig. 3 Correlation between pretreatment HCV RNA levels and the
number of substitutions in the NS5A region aa 2258-2306. Spear-
man’s correlation coefficient by rank test is demonstrated

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 4).

Biological relevance 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. Multiple variations in the
NS5A region aa 2258-2306 were significantly related to
pretreatment HCV RNA titer (p = 9E-05, Fig. 3;
Table 5). Interestingly, variation of the core aallQ was
significantly associated with the patients’ age (p = 0.03,
Table 6).

Discussion
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

@ Springer

amino acid variations in the core and NS5A correlate most
significantly with the final outcome in the treatment for
genotype 2a chronic hepatitis C. The study is unique in that
the patients studied were all Japanese, excluding any effect
of racial differences and providing a clearer analysis of the
viral differences.

From the analysis of the characteristics of patients
infected with genotype 2a HCV, it was clear that most non-
SVR patients responded to the PEG-IFN/RBV therapy at
least transiently, given that most of these non-SVR patients
(89%) achieved EVR. This result demonstrated that most
non-SVR patients were relapsers, but were not null-
responders as observed frequently among genotype 1b
patients treated with PEG-IFN/RBYV therapy. Therefore, we
compared 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 = SE—05). In recent studies of treatment of
genotype 1b infection with PEG-IFN/RBV, amino acid
variation in the core region was reported to be associated
with response. It is interesting that the core region was also
identified as a HCV gene associated with the response to
PEG-IFN/RBYV therapy of genotype 2a infection, although
the amino acid residues of core in genotype 1b were dif-
ferent, being aa 70 and aa 91. It is also interesting that
amino acids aa 70 and aa 91 are conserved as arginine and
leucine, respectively, in genotype 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
correlation was reported between amino acid variations in
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 groups used in com-
parison: we compared the difference between non-SVR
patients and SVR patients while they compared the dif-
ference between non-SVR and RVR patients.

In systemic searching for the viral “regions” associated
with the treatment outcome, NS5A aa2258-2306 was
identified by two 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 related 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 NSS5A also
showed the potential association with the final outcome.
Viral single amino acid substitutions of aa 773 in p7, aa
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Table 5 Baseline

. . . Characteristic Mutation 0—4 Mutation 2 5 p value

characteristics of patients V\flth (n = 40) (n = 38)

NS5A aa 2258-2306 mutations

0-4 or 25 (groups 1 and 2) Gender (male/female) 22/18 16/22 Ns'
Age (years) 543 + 11.4% 53.5 + 11.5 Ns*
ALT (IUN) 73.8 + 70.3 85.3 + 78.7 Ns*
Platelet (x 10%mm?®) 18.0 £59 21.0 + 5.7 0.03%
Fibrosis score (0-2/>3) 33/5 332 Ns’
HCV RNA (KIU/ml) 1,100 (99-30,000)** 380 (12-5,000) 0.02"

* Mean =+ SD; T Fisher’s exact IFN dose (2‘_80%/60—80%)“ 31/8 3372 Nst

gr;?liztiilitg (t):jt: _S_n;%em ttest;  Ribavirin dose (>80%/60-80%)" 25/14 28/7 NsT

mutation 25 1 = 35; ** RVR rate (%) 65.8 62.9 Ns'

median (range); " Mann— EVR rate (%) 94.7 100 Ns'

Whitney’s U test; T mutation Relapse rate (%) 359 7.9 0.0027

"1*4¢ ;5= 39, mutation 25 SVR rate (%) 575 92.1 0.0006"

table'6 Bascline Characteristic Core 110 T Core 110 N/S P value

ch.aractensucs of patients (n = 33) (n = 45)

with core 110 T or N/S

(groups 1 and 2) Gender (male/female) 18/15 20025 Ns'
Age (years) 50.4 + 13.0% 56.4 + 9.5 0.032*
ALT (qUN) 64.5 & 48.2 88.8 + 86.2 Ns*
Platelet (x10%mm®) 193 £ 49 195 + 6.6 Nst
Fibrosis score (0-2/>3)% 30/1 36/6 NSt
HCV RNA (KIU/ml) 580 (54-3,600)** 980 (12-30,000) Ns'
IEN dose (>80%/60-80%)7 26/3 38/7 Ns'

¢ Mean & SD: T Fishor's exact Ribavirin dose (>80%/60-80%)7 23/6 30/15 Ns'

probability tesE; ¥ Student ¢ test; RVR rate (%) 724 9.1 NS

Y core 110 T: n = 31, core 110~ EVR rate (%) 100 95.5 Ns'

N/S: n = 42; ** median Relapse rate (%) 3.0 38.6 9E—05"

(range), ' Mann-Whitney’s SVR rate (%) 97.0 57.8 SE—05"

U test; T core 110 T: n = 29

2099 in the NS5A, and aa 3013 in NS5B, 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 analyzed sepa-
rately, additional studies are needed to confirm the asso-
ciation with the final outcome. On the other hand, we could
not find an association with the final outcome and the
PePHD or IRRDR, including the V3 regions (data not
shown) reported 1b HCV infection [21, 22].

It is interesting that the variation of the core region
showed clear association with age. Younger patients with
core aa 110T showed favorable responses, while 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 NSSA, 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
IFN [23]. Clinically, the number of substitutions within the
region has been reported to correlate with the serum HCV
RNA level [12]. We also confirmed that the number of
substitutions within the NS5A aa 2258-2306 was signifi-
cantly 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 RBV dose >80% were independent variables
associated with the final outcome (Table 4). The associa-
tion of RBV 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, when the drug
dosage was excluded, the strongest association was seen
in the viral elements of core and NS5A, revealing the
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importance of these two regions in the treatment of geno-
type 2a HCV infection with PEG-IFN/RBYV therapy.

On the other hand, our study still has some limitations.
In recent studies, IL28B single nucleotide polymorphisms
were reported to be correlated significantly with the treat-
ment response in genotype 1b HCV infections [25, 26]. In
genotype 2a HCV infection, a correlation was also reported
to exist between the IL28B SNP and the treatment response
[27]. However, we could not investigate the association of
the IL28B single nucleotide polymorphisms in the treat-
ment response in genotype 2a HCV infections. In addition,
the number of analyzed patients was rather small, espe-
cially in non-SVR patients.

In conclusion, by comprehensive investigation of the
complete HCV ORF in patients showing different respon-
ses 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, determina-
tion of those HCV regions before treatment might provide
further benefits for the patients infected with genotype 2a
HCV.
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Introduction

Worldwide, 180 million people are estimated to be infected with
hepatitis C virus (HCV), a major cause of chronic hepatitis, liver
cirrhosis, and hepatocellular carcinoma (HCC) [1]. In HCV-
infected patients with chronic hepatitis, treatment with interferon
(IFN)-based therapy can result in viral clearance as well as
biochemical and histological improvements [2]. In this IFN-based
therapy, HCV genotype is the most significant factor affecting
treatment responses [3,4].

In genotype 2b HCV infection, 80% of patients with high viral
titers can achieve a sustained virological response (SVR) to the
regimen of pegylated-interferon (PEG-IFN) plus ribavirin (RBV)
for 24 weeks [5,6]. This response is high considering that much
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lower percentages of patients infected with other genotypes can
achieve SVR, especially with genotype 1 [1]. However, in other
words, 20% of patients infected with genotype 2b HCV still
cannot clear the virus and remain at risk of developing HCC. On
the other hand, although various studies have been undertaken to
clarify the factors contributing to the response to IFN-based
therapy in genotype 1 infection, it remains poorly understood
which patients with genotype 2b HCV infection will show
unfavorable responses. Recently, the significance of IL28B single
nucleotide polymorphisms (SNPs) in determining the response to
PEG-IFN/RBV therapy was demonstrated in genotype 1 HCV
infection [7,8]. However, the significance of IL28B SNPs was
rather weak in genotype 2 HCV infection [9].

In terms of the association between HCV sequence variation
and treatment responses, previous studies have reported that
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Table 1. Baseline Characteristics of Studied Patients.

SVR (n=44)

Characteristic non-SVR (n=16}) P value

56 (22-72)° 59 (30-80)

Age (yrs)

ALT

() 51 (19-380) 41 (17-390)

178 (145-217) NSt

T.Chol (mg/dl) 169 (119-225)

Fibrosis score (0-2/=3)

IFN dose (=80%/60-80%) 36/8 13/3 Nst

ETR rate (%) 100 87.5 Nst

§: SVR : n=43, non-SVR : n=10.

* median (range).

F: Fisher's exact probability test.

}: Mann-Whitney's U test.
doi:10.1371/journal.pone.0024514.t001

amino acid variation in the NS5A-ISDR [10], NS5A-IRRDR
[11], NS5B [12], PKR-eIF2 phosphorylation homology domain
(PePHD) of E2 [13], and Core [14] correlate with the clinical
outcome of IFN-based therapy, including PEG-IFN/RBV therapy
for genotype 1b HCV infection. In the meantime, these viral
sequence studies have been controversial regarding their true
clinical importance, because the results of different studies were
not always coincident [15,16,17]. On this background, recent
studies trying to analyze the correlation of complete HCV open
reading frame diversity, clinical characteristics, and the response to
PEG-IFN/RBV therapy for genotype 1 HCV infection, in the
most comprehensive approach yet attempted, have clarified that
viral amino acid variation is associated with treatment responses,
with consideration of racial background [18,19]. In genotype 2
infection, however, only a few studies have investigated the
association of HCV sequence variation and treatment response
[20,21] and the clinical significance has been yet established. We
reported recently that variation of amino acid (aa) 110 in Core and
amino acids (aa) 2258-2308 in NS5A were significantly associated
with treatment outcome of the PEG-IFN/RBV therapy for
genotype 2a HCV infection, through the analysis of the complete
HCV ORFs in Japanese patients [22].

In this study, to assess comprehensively the influence of viral
sequence variation on the response to the PEG-IFN/RBV therapy
in genotype 2b HCV infection, we determined the complete
pretreatment HCV ORFs from Japanese patients and investigated
amino acid variation and its correlation with the response to
combination therapy with PEG-IFN plus RBV.

Methods

Patients
A total of 77 adult Japanese patients infected with genotype 2b
HCV, who received the combination therapy with PEG-IFN

@ PLoS ONE | www.plosone.org
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Figure 1. Phylogenetic analysis of the genotype-2b polypro-
tein sequences. In order to perform the phylogenetic analysis, we first
aligned all 60 HCV complete ORF amino acid sequences obtained from
the patients along with reference sequences (2b.HC-J8.D10988,
2.JP.MD2b9-2, and 2a.JP.JFH-1.AB047639), using the ClustalW program,
and constructed the phylogenetic tree using the Neighbor-Joining
method with MEGA version 4 software. Blue circles indicate SVR
patients and red circles indicate non-SVR patients.
doi:10.1371/journal.pone.0024514.g001
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Figure 2. Number of amino acid substitutions per sample in the sustained virological responders (SVR) and the non-sustained
virological responders (non-SVR) group. The numbers of variations, relative to a population consensus, that were unique to either SVR or non-
SVR patients are shown for the complete open reading frame (ORF) (Fig. 1, left) and for each HCV protein (Fig. 1, right).

doi:10.1371/journal.pone.0024514.g002

(PEGINTRON®, Schering-Plough, Tokyo, Japan) plus RBV
(REBETOL®, Schering-Plough) between 2005 and 2009 at
University of Yamanashi, Tokyo Medical and Dental University,

and related institutions were first included in the study. They all
fulfilled following criteria: (1) negative for hepatitis B surface
antigen, (2) high viral load (=100 KIU/ml), (3) absence of
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Figure 3. Different amino acid usage at each viral amino acid position between the sustained virological responders (SVR) and the
non-sustained virological responders (non-SVR) patients. (a) Different amino acid usage at each viral amino acid position between the SVR
and the non-SVR patients was analyzed by Fisher's exact probability test. The longitudinal axis shows the —logP value. (b) Sequence alignment in the
Core region is demonstrated. Dashes indicate amino acids identical to the consensus sequence and substituted amino acids are shown by standard

single letter codes.
doi:10.1371/journal.pone.0024514.g003
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Table 2. Variation at each Amino Acid Position and SVR rate.

HCV2b Sequences and PEG-IFN/RBV Response

E2 E2
aa 404 non T aa 530 non T

NS5B
aa 2631 non P

*SVR number in patients fulfilling the criteria.
**Number of patients fulfilling the criteria.
doi:10.1371/journal.pone.0024514.t002

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 immunodeficiency
virus. To clearly disclose the non-SVR viral characteristics, we
have considered only those patients who achieved total drug
administration of 60% or more for both PEG-IFN and RBV, with
the completion of the standard treatment duration. Moreover,
although we excluded 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, 17 patients
were excluded for the following reasons: 1 patient received
insufficient dose, 4 patients were discontinued from the therapy
within 12 weeks, and 12 SVR patients received extended therapy.
Finally, 60 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. All
patients gave written informed consent to the study. The study was
approved by the ethics committees of University of Yamanashi,

1 14300
pvalueg

a2, 400-408  aa723-770 2a.879-893

ding window width

i &0 A
4] OO
Arnino Acid humber

1000

Tokyo Medical and Dental University, and related institutions.
The therapy was performed according to the standard treatment
protocol of PEG-IFN/RBV therapy for Japanese patients
established by a hepatitis study group of the Ministry of Health,
Labour, and Welfare, Japan (PEG-IFNo-2b 1.5 pg/kg body
weight, once weekly subcutaneously, and RBV 600-800 mg daily
per os for 24 weeks).

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 (Wako, Osaka, Japan) according
to the following protocol. Briefly, 150 pl of serum were mixed with
700 ul of Isogen, and an aqueous phase was extracted with 150 pl
of chloroform. RNA was precipitated with 600 ul of isopropanol
and with 2 ul of Glyco Blue (Ambion, Tokyo, Japan) as a carrier.
The purified RNA was washed once with ethanol and finally
dissolved in 15 pl of distilled water and stored at —70°C until use.

Complementary DNA was synthesized according to the
following protocol. 30 pl of the reverse transcription mixture were
adjusted to contain 3 pl of the RNA solution, 300 U of Superscript

a2.2045-2081 2022242242 2223782405

18500

9213 PERED 2574
ISDR
2213 mms 2248

Figure 4. Sliding window analysis. (a) Comparison of amino acid variation between the SVR and non-SVR patients across HCV “regions” using
sliding window analysis was performed. Viral regions affecting treatment outcome are shown as red areas. There are six hot areas: amino acid 400~
408 and 723-770 in the E2 region, amino acid 879-893 in the NS2 region and, amino acid 2045-2051, 2224-2242 and 2379-2405 in the NS5A region.
(b) Sequence alignment in the nonstructural (NS)5A around amino acids 2213 to 2274 is demonstrated. Dashes indicate amino acids identical to the
consensus sequence and substituted amino acids are shown by standard single letter codes.

doi:10.1371/journal.pone.0024514.g004
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Table 3. Number of Amino Acid Substitutions in each Region and SVR rate.

*SVR number in patients fulfilling the criteria.
**Number of patients fulfilling the criteria.
doi:10.1371/journal.pone.0024514.t003

II (Invitrogen, Tokyo, Japan) with an accompanied buffer
according to the manufacturer’s instructions, 60 units of RNase
inhibitor (Promega Corp., Madison, WI), and 300 pg of random
primers (Invitrogen). The mixture was incubated at 37°C for
30 min. The HCV genome was amplified with 24 partially
overlapping primer (Table S6) sets, designed specifically for this
study, to perform two-step nested PCR. As previously reported, a
M13 forward primer (5'-TGTAAAACGACGGCCAGT-3") and a
M13 reverse primer (5'-CAGGAAACAGCTATGACC-3') were
attached to the 5" termini of the sense and antisense second-round
PCR primers, respectively, to facilitate direct sequencing. 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 for 15 seconds, and extension at 72°C for 45 seconds with
BD Advantage™ 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 sequencer (ABI). The sequence files generated were
assembled using Vector NTIT software (Invitrogen) and base-
calling errors were corrected following visual inspection of the
chromatogram. When several peaks were observed at the same
nucleotide position in the chromatogram, the highest chromato-
gram peak was read as the dominant nucleotide. In sequence
analysis, multiple sequence alignment was performed with
ClustalW, and the mean genetic distance was calculated using
the p-distance algorithm in the MEGA version 4 DNA software.
As a result, 60 genotype-2b HCV full open reading frame
sequences were determined. In Table S1, obtained GenBank
accession numbers for these sequences determined in this study are
listed.

Table 4. Multivariate Logistic Regression Analysis.

odds (95% CI)

p value

Factor

E2aa 530 non T 4.33 (0.48-39.3) 0.19

NS5B 2631 non P 5.14 (0.29-91.2) 0.26

NS5A aa 2045-2051 no mutations

4.46 (0.39-50.6) 0.23

NS5A aa 2379-2405 mutations =1

7.03 (0.62-79.8) 0.12

To evaluate the optimal threshold of amino acid variations for SVR prediction in
each viral region extracted, a receiver operating characteristic curve was
constructed and the most optimal cut off value was determined for each
region.

doi:10.1371/journal.pone.0024514.t004
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NS5A NS5A
E2 E2 Ns2 aa 2045-2051 ISDR NS5A NS5A
aa 400-408 aa 723-770 aa 879-893 absense of (aa 2213-2248) aa 2224-2242 aa 2379-2405
mutation =4 mutation =2 mutation =2 mutation mutation =1 mutation =1 mutation =2

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 at each amino acid position in each HGV sequence. The
consensus sequence was generated from these 60 patients. 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
HCGV regions. To visualize the result, significantly lower p-values
were colored in red and non-significant p-values were colored in
green using Microsoft Excel software to generate a “heat map”
appearance. In the present study, p-value of 1/300 or lower was
colored in the maximum red.

Statistical Analysis

Statistical differences in the parameters, including all available
patients’ demographic, biochemical, hematological, and virolog-
ical data such as sequence variation factors, were determined
between the various groups by Mann-Whitney’s U test for
numerical variables and Fisher’s exact probability test for
categorical variables. To evaluate the optimal threshold of
variations for SVR prediction, a receiver operating characteristic
curve was constructed and the area under the curve as well as the
sensitivity and specificity were calculated. Variables that achieved
statistical significance (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.

Results

Characteristics of the patients studied

The SVR rate of the patients analyzed was 75.9% (44/58) with
the standard therapy (two non-SVR patients received extended
therapy). The baseline characteristics of the patients classified
according to achievement of SVR are shown in Table {. Rapid
virological response (RVR; undetectable serum HCV RNA within
4 weeks) and early virological response (EVR; undetectable serum
HCV RNA within 12 weeks) rates were significantly higher in
SVR patients (p = 0.0008 and 0.004). In addition, patients with
non-SVR were older (p=0.04). Pretreatment HCV RNA fiter,
which is known to affect the treatment outcome in genotype 1 and
2a HCV infection, did not differ significantly between two groups.
Achievement of RVR reached 42.4% when all patients were
included, and this rate was high compared to achievement of RVR
in patients with genotype 1b infection (~10%) observed in
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Figure 5. Correlation between pretreatment HCV RNA levels and the number of substitutions in the NS5A region aa 2224 to 2242.
Spearman’s correlation coefficient by rank test is demonstrated.
doi:10.1371/journal.pone.0024514.g005

University of Yamanashi (data not shown). The early virological n = 14), and not null response (detectable serum HCV RNA at the
response (EVR) rate was equally high in the SVR (97.7%) and end of therapy, n=2).

non-SVR (68.8%) groups. Interestingly, most of the non-SVR

patients (14/16, 87.5%) in genotype-2b HCV infection showed  Phylogenetic analysis of SVR and non-SVR patients using
end-of-treatment response (ETR; undetectable serum HCV RNA ~ the complete HCV amino acid sequence

at the end of therapy), demonstrating that the main cause of non- To determine the viral sequence characteristics in the SVR and
SVR was relapse (reappearance of hepatitis C viremia during the non-SVR groups, we first aligned all 60 HCV complete ORF amino
follow-up period after stopping therapy in patients with an ETR, acid sequences obtained from the patients’ pretreatment sera along

Table 5. Baseline Characteristics of patients with NS5A aa 2224-2242 variations none or 1=,

Characteristic Variation 1= (n=33) No variation (n=27) Pvalue

Age (yrs) 57 (29-72) 57 (22-80)

HCV RNA (KIU/ml) 1600 (100-16000) 2450 (140-13000) NS

Ribavirin dose (=80%/60-80%) 24/9 19/8 NSt

EVR rate (%) 96.9 815

Replapse rate (%) 40.7 9.1 0.006"

$1=:n=31,0:n=22.

“: median (range).

T Fisher's exact probability test,

¥ Mann-Whitney’s U test.
doi:10.1371/journal.pone.0024514.t005
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with reference sequences (2b.HC-J8.D10988, 2.JP.MD2h9-2, and
2aJPJFH-1.AB047639 obtained from the Los Alamos HCV
Database as representative sequences for genotype 2b and genotype
2a HCV) and constructed a phylogenetic tree (Fig. 1). As
demonstrated in the tree, no evident clustering was apparent
according to the difference of responses.

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

Next, we 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 sequences
from the SVR patients was significantly higher than in those from
the non-SVR patients, when the entire HCV polyprotein was
analyzed (Fig. 2, left). These differences were especially significant
in E1, p7 and NS5A (Fig. 2, right). This result demonstrated that
HCV sequences from patients with SVR comprised a heteroge-
neous population, while HCV sequences from patients with non-
SVR comprised a rather homogeneous population, indicating the
existence of unique non-responsive HCV sequences in those
regions in El, p7, and NS5A.

Comparison of HCV sequence variation between the SVR
and non-SVR patients at each amino acid position

Each amino acid position in the HGV ORF was compared to
detect any differences between the SVR and non-SVR patients. In
Fig. 3a, differences in amino acid resides at each position are
shown as dots demonstrating —logP values. As shown in Table 2,
four points were extracted: amino acid (aa) 404 in the E2 region
(p=0.008), aa 530 in the E2 region (p=0.008), aa 2359 in the
NS5A region (p=0.002) and aa 2631 in the NS5B region
(p=0.012). Among them, the residue at aa 2359 in the NS5A
region differed most frequently between the SVR and non-SVR
patients. Amino acids 4 and 110 in the Core region, residues that
have been reported to vary according to the virological responses
in genotype 2a infection [22,23], did not differ significantly in this
genotype 2b HCV study. Meanwhile, amino acids 70 and 91,
which have been reported to vary according to virological
response to PEG-IFN/RBV therapy in genotype 1b infection,
were conserved irrespective of the outcome (Fig. 3b).

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

Fig. 4a and Table 3 shows the result of sliding window analysis.
This approach was used to detect differing HCV amino acid
“regions”, rather than single amino acid positions, between the
SVR and the non-SVR patients. According to the result, six
regions were associated with the final outcome (p-values less than
1/20): aa 400-408 in the E2 region (p = 0.006), aa 723-770 in the
E2 and the N-terminus of p7 region (p = 0.001), aa 879-893 in the
NS2 region (p=0.01), aa 2045-2051 in the NS5A region
(p=0.0002), aa 2224-2242 in the NS5A region (p =0.00I) and
aa 2379-2405 in the NS5SA region (p=0.03). Interestingly, aa
2224-2242 in the NS5A was located in the interferon sensitivity
determining region (ISDR). Fig. 4b shows the aligned sequences of
amino acids around 2213-2274 of HCV NS5A. Among these 6
regions, aa 723-770, aa 879-893, aa 2224-2242, and aa 2379-
2405 were correlated with the final outcome in an incremental
manner according to the number of substitutions in those regions
(Table 52, 83, S4, S5). The number of substitutions in the ISDR
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was also correlated to the final outcome in an incremental step-up
manner (data not shown).

Multivariate analysis to detect independent predictive
factors contributing to the SVR

Next, multivariate analysis was undertaken to identfy pretreat-
ment variables correlated with the final outcome. To evaluate the
optimal threshold of amino acid variations for SVR prediction in
each viral region extracted, a receiver operating characteristic curve
was constructed and the most optimal cut off value was determined
for each region. E2 aa404—408 was excluded from the analysis
because we considered that the region was unlikely to be truly
associated to the outcome as it is located in the hypervariable region,
the region of the highest mutation rate in the HCV genome as a result
of host’s immune attack. E2 aa 723-770 was excluded from the
analysis because all the patients above the cut-off value in the region
achieved SVR and an odds calculation was not possible. The ISDR
was also excluded because NSS5A 2a2224-2242 was completely
contained in the ISDR. In addition, variables of EVR and RVR were
excluded because they were post treatment variables. The multivar-
iate analysis revealed that only NS5A aa 22242242 (odds ratio 11.0,
£ = 0.039) was finally identified as the independent variable predicting
the final outcome (Table 4).

Biological relevance of variation in NS5A in this study
group

Because NS5A aa 22242242 is located within the ISDR, for
which the amino acid substitution numbers have been reported to
be correlated with the HCV RNA titer in genotype 1 and 2a HCV
infection [13], we analyzed the relationship between amino acid
variations in that region and pretreatment HCV RNA titers.
Contrary to our expectation, no evident relationship was found
between variations in the NS5A region aa 2224-2242 and HCV
RNA titer (Fig. 53). On the other hand, as shown in Table 5,
although the initial viral responses (RVR or EVR) did not show
evident association with the amino acid variations in the region,
treatment relapse was significantly correlated with the amino acid
variations in the region. In addition to NS5A aa 2224-2242, there
was no evident relationship between HCV RNA level and
variations in the other regions found in this study (data not shown).

Discussion

In this study, we showed that genotype 2b HCV sequences from
Japanese patients who achieved SVR were more diverse than the
sequences from patients with non-SVR. The result that SVR
patients were more diverse in their HCV sequences than non-SVR
patients is in accordance with previous studies of genotype 1 HCV
infection, although the diverse viral genes varied according to
genotype [18,19]. We found that these diversities were primarily
found in El, p7 and NS5A.

In systemic searching for single amino acid positions or consecutive
amino acid regions in the HCV ORF associated with the treatment
outcome, several regions were extracted in E2, p7, NS2, NS5A and
NS5B. Among those identified regions, E2 aa 723-770, NS2 aa 879~
893, NS5A 2a2224-2242, and NS5A aa2379-2405 were correlated
with the final outcome in an incremental manner according to the
number of amino acid substitutions. Specifically, the sequences of
those regions in non-SVR patients were almost homogeneous, while
the sequences of the region in SVR patients were significantly diverse
and multiple amino acid substitutions were found compared to the
consensus sequence. Interestingly, among those regions, aa 2224—
2242 was completely included in the ISDR, in which the number of
amino acid substitutions is known to show significant correlation with
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