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agent, ISDR: interferon sensitivity-determining region, IRRDR: interferon-ribavirin

sistance determining region, NS3: non-structural protein 3, NSSA: non-structural

.

,@tein 5A, NS5B: non-structural protein 5B, SNP: single nucleotide polymorphism,

8B: interleukin 28B.
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- ABSTRACT

Background & Aims: Daclatasvir, an NS5A replication complex inhibitor, is a potent

d promising direct antiviral agent (DAA) for hepatitis C virus (HCV), being most
ffective in genotype 1b infection. Although it is known that genotype 1b viruses with
3 H and/or L31M/V/F mutations have strong resistance to daclatasvir, it is not known
wg%cther there are some clinical background conditions that favor the occurrence of
}}EZVS carrying those NS5A mutations

M?thods: In this study, we carried out deep sequencing analysis of stored sera to

“d’e%ermme the presence and significance of daclatasvir-resistant mutants in 110 genotype

1b HCV-infected patients with no previous daclatasvir treatment.
)

=

%ults: Deep sequencing analysis revealed that the NS5A L31M/V/F and Y93H

%eatment-na'l‘ve patients. Importantly, it seems that the IL28B status of the patients

/ rmght influence the presence of Y93H mutations, resulting in different treatment
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INTRODUCTION

Recently, treatment of hepatitis C virus (HCV) infection has advanced

gghotype-lb viruses [3]. Moreover, among all NS5A inhibitors, daclatasvir is most
,
|

EG-IFN/RBV combination therapy and of 63.6% in patients considered ineligible or

4

‘ “E%(f)lerant to IFN-based therapy [8, 9]. The result was that the SVR rate was markedly
@%hig}l, in particular, in patients with a null-response to PEG-IFN/RBV combination
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o,

th apy, giving hope to these difficult-to-treat patients. The study also revealed that the

ferences in clinical backgrounds, including previous history of IFN therapy and its

2

esponse, are associated with the presence of Y93H in daclatasvir-treatment naive

i

%stance and present as minor populations could be detected [12-14]. Because

daclatasvir is considered to be a key DAA for therapy for HCV in the near-future, we
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PATIENTS AND METHODS

ut between 2005 and 2011). These three groups of patients with distinctly different

treatment responses to previous therapy (naive, relapse, and null) were included in this

ra collected and stored at the most recent visit to the hospital.

: @f@%’% All patients studied fulfilled following criteria: (1) Negative for hepatitis B

E

utface antigen. (2) No other forms of hepatitis, such as primary biliary cirrhosis,

Tﬁ% had been approved by Human Ethics Review Committee of Yamanashi University

Wy

ospital. The clinical backgrounds of the 110 patients are shown in Table 1.
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i

me PCR with a model 7500 sequencer (ABI, Tokyo, Japan) using FAM- and

g@% Deep sequencing

5%

Deep sequencing of part of the viral NS5A region was performed for each of
10 patients. Briefly, RNA was extracted from the stored sera and reverse

%@granscﬂbed to complementary DNA [23]. Then, two-step nested PCR was carried out

.
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%
with primers specific for the NS5A region of the HCV genome. To avoid PCR selection

products were quantified using a Pico Green® dsDNA Assay Kit (Invitrogen™), the

co%centratlons of the samples were adjusted to a common value and pooled samples

were prepared.

-IFN/RBYV therapy, were determined using the Chi-square test for categorical
ables and Kruskal-Wallis test for numerical variables. Statistical differences in the
ameters in two groups (Y93H positive, Y93H negative) were determined by the

Student t test or Mann-Whitney’s U test for numerical variables and Fisher’s exact

This article is protected by copyright. All rights reserved.
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p?’kbabﬂity test or Chi-square test for categorical variables. Variables that achieved

statistical significance (p <0.05) in univariate analysis were entered into multiple
|

Jggistic regression analysis to identify significant independent factors. We also

o

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

-tailed test were considered significant.

s

s
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RESULTS

% _significantly high SVR rate, especially in the patients with a null response to previous

-

- =

' yresponses to previous PEG-IFN/RBV combination therapy with the assumption that
o Hiﬁferences in the response to PEG-IFN/RBV might influence the daclatasvir response.

The background error rate of pyrosequencing was calculated with a plasmid

Baseline characteristics

The baseline characteristics of the 110 patients are shown in Table 1. The data
viral factors (core aa 70, core aa 91, NSSA-ISDR and NS5A-IRRDR) in the table

__were obtained by direct sequencing as described in the Patients and Methods. As shown
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§ Detection of NS5A resistance mutations by deep sequencing

Because previous reports showed that L31M/V/F, P32L, and Y93H are

: nd Y93H are shown in Supplementary Table 2. Although the substitution rate of

L31M/V/F in these patients was low, all isolates with L31M/V/F also featured the Y93H

Autation rates of L3IM/V/F and Y93H in each patient

Figure 1A and B show the mutation rates of L31M/V/F and Y93H in each

This article is protected by copyright. All rights reserved.
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%ga in terms of the frequency of NS5A mutations, the notion of “cut-offs” was

iftﬁfoduced into our deep sequencing data, assuming that direct sequencing could detect

tation rate determined previously by direct sequencing and that found in the database

25].

§’W§ effi cacy of PEG-IFN/RBV combination therapy patients were investigated by univariate

%{;alysis of their association with the Y93H substitution (Table 4). Three factors, the
D
%@f B SNP, core aa 70, and IRRDR, were found to be correlated with the YO3H

substitution with statistical significance in the univariate analysis. In patients with the

93H mutation, the major-type (TT) was frequently observed as the IL28B SNP, while

~arginine (R) was frequently observed at core aa 70 and the number of substitutions in

IRRDR was higher. There was no significant difference in the number of mutations

This article is protected by copyright. All rights reserved.
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Y93H in each patient, classified by the IL28 SNP, are presented in Figure 2A and B.

Y93H mutations were found significantly more frequently in IL28B TT patients than
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DISCUSSION

In this study, viral mutations conferring resistance to the NS5A replication

,g@t{;écted more frequently than predicted by direct sequencing. Interestingly and

1=294) and this was comparable with the frequency (3.8% and 8.3%, respectively) in
“%

ype 1b patients, determined from the European HCV database (n=1796) [6, 25].

K%ﬁlong the regimens including daclatasvir for genotype 1b HCV infection, until now

nly the result of a phase II trial of daclatasvir/asunaprevir therapy for 43 patients has

gy

,. 68A/V) emerged in most of non-SVR patients after virological failure.

In our study, the presence of L31 M/V/F and Y93H mutations in
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off value. However, deep sequencing analysis revealed that NS5A L31M/V/F and

3H mutations were detectable in 13/110 (11.8%) and in 34/110 (30.9%) patients,

%ﬁ : %pectively, above the background error rate of 0.1% and significantly more frequently

than detected by direct sequencing. These results demonstrate that deep sequencing is

1 for the detection of viral mutants present as minor variants.

Do HCV populations with Y93H present as minor variants have any

S "/iéciation with clinical characteristics? Interestingly, univariate analysis based on the
relationship between the presence of theY93H variant and clinical factors or factors

d §rmining treatment efficacy to PEG-IFN/RBV combination therapy extracted three
s{gniﬁcant factors: the IL28B SNP, core aa 70 and the IRRDR (Table 4). All these

factors were associated with a favorable response to PEG-IFN/RBV combination

indpendent factor (Table 4). On the other hand, because it is known that the IL28B

’SN%P is closely linked with core aa 70, it is assumed that core 70R should be observed

This article is protected by copyright. All rights reserved.
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daclatasvir is scheduled to be used in combination with other DA As but not with IFN.

onsidering the correlation between IL28B SNPs and Y93H, and the fact that YO3H

variants might be sensitive to IFN but resistant to daclatasvir [27], patients with the

The true clinical influence of Y93H on treatment responses remain unknown

R, S Sy . ..
%ang further elucidation is mandatory after the approval of daclatasvir for clinical use. In

particular, it is important to clarify the cut off values as to the mixture ratio of Y93H to

ether the proportion of Y93H variants changes during the clinical course (the natural

se or during therapy including IFN) in order to determine the most appropriate

~_timing for introducing daclatasvir. However, it is possible for Y93H variants to

)

i«g%%chsa pear after IFN treatment considering that Y93H variants might be sensitive to IFN.

%e mechanism of the relationship between the IL28B SNP and Y93H also is not clear
) %present. Considering that wild-type NS5A is known to be associated in its

ISDR-region with IFN-resistance and with the IL28B minor SNPs (TG/GG) [28], it is

possible that wild-type NS5A Y93 also is associated with IFN-resistance and with

8B minor SNPs, although further elucidation is necessary.
f

We acknowledge that the PCR technique has a risk of producing biased

amplicons according to the PCR primer sequences, and therefore, we designed novel

‘4&@
4
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primers in this study by searching for the most conserved sequence regions around

SSA. We speculate that the sequence bias might have been avoided at least to some

géient considering the fact that the NS5A mutation rate in this study was quite

E

npatible with that of a previous study and that obtained from the public database.

s

In conclusion, we detected by deep sequencing the substantial presence of

2,

esistance mutations to daclatasvir, YO3H in particular, in daclatasvir treatment naive
patients and these were not detectable by direct sequencing. We also showed that IL28B
major-type patients who have favorable responses to IFN may have a higher risk of

.

&‘fi”aﬁ;ients might have a higher risk of developing daclatasvir resistance, although further

studies are needed.
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FIGURE LEGENDS

fefapser). (A) NS5A aa 31, (B) NS5A aa 93. Each bar indicates the mutation rate in one

= . : .
atient and a dot above a bar shows a patient with a mutation detected by deep

. Figure 2. The percentage of mutations at the NS5A region for resistance to daclatasvir

*ispresented, classified by the IL28B SNP (TT or non-TT). (A) NS5A aa 31, (B) NS5A

%

aa 93. Each bar indicates the mutation rate in one patient and a dot above a bar shows a
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