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Abstract

AIM: To evaluate the implication of substitutions in the
hepatitis C virus (HCV) non-structural 5A (NS5A) protein
in the resistance of HCV during mono-interferon (IFN)
or combined IFN-ribavirin (IFN-R) therapy. Although
NS5A has been reported to interact with the HCV RNA-
dependent RNA polymerase, NS5B, as well as with many
cellular proteins, the function of NS5A in the life cycle of
HCV remains unclear.

METHODS: HCV quasispecies were studied by clon-
ing and sequencing of sequential isolates from patients
infected by HCV genotype 1b. Patients were treated by
IFN-a2b for 3 mo followed by IFN-a2b alone or com-
bined IFN-R therapy for 9 additional months. Patients
were categorized intro two groups based on their re-
sponse to the treatments: 7 with sustained virological re-
sponse (SVR) (quasispecies = 150) and 3 non-respond-
ers (NR) to IFN-R (quasispecies = 106).

RESULTS: Prior to treatment, SVR patients displayed a
lower complexity of quasispecies than NR patients. Most
patients had a decrease in the complexity of quasispe-
cies during therapy. Analysis of amino acids substitu-
tions showed that the degree of the complexity of the
interferon sensitivity-determining region (ISDR) and the
V3 domain of NS5A protein was able to discriminate the

two groups of patients. Moreover, SVR patients displayed
more variability in the NS5A region than NR patients.

CONCLUSION: These results suggest that detailed mo-
lecular analysis of the NS5A region may be important for
understanding its function in IFN response during HCV
1b infection.

© 2007 The WIG Press. All rights reserved.
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INTRODUCTION

In Western countries, the hepatitis C virus (HCV) is
the major cause of chronic hepatitis, cirrhosis and
hepatocellular carcinoma. HCV is a RNA virus belonging
to the Flaviviridae. 1t has a single-stranded plus-sense
genome of approximately 9.6 kb with a single open
reading frame (ORF) encoding four structural (C, E1, E2
and p7) and six non-structural proteins (NS2, NS3, NS4A,
NS4B, NS5A and NS5B). Current combination therapy of
pegylated interferon (IFN) alpha and ribavirin (IFN-R) is
not universally effective in patients with chronic hepatitis
C; patients infected with genotypes 2 or 3 show a high rate
of sustained virological response (SVR) (90%) whereas
the HCV genotype 1 infected patients have the lowest
level of SVR (40% to 50%)”". Factors that can predict the
response to antiviral therapy are not well established; the
accepted predictive parameters are: age, sex, pre-treatment
viral load, fibrosis stage and HCV genotype”. Numerous
studies have been undertaken to explain the resistance of
genotype l-infected patients to IFN therapy. Causes and
mechanisms are not well understood, but several viral
genomic regions have been suggested to antagonize the
antiviral effect of IFN alpha, such as the E2, NS3/4A and
NS5A regionsm.

The non-structural 5A (NS5A) protein is the ninth
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protein coded by the ORF of HCV. It has a length of
447 amino acids (aa) for genotype 1b. An interaction with
the double-stranded RNA protein kinase (PKR) has been
described for NS5A within the codons 2209 and 2274
(NS5A2002274) "), This interaction can block the IFN
signalling pathway in cultured cells, and certain authors
have suggested that this mechanism may be implicated
in HCV resistance to IFN therapy. In 1995, Enomoto
et al'" described a correlation between the number of
mutations within a 40 aa sequence of the NS5A region
and the response to IFN therapy in genotype 1b-infected
patients. This sequence has been termed the interferon
sensitivity-determining region (ISDR). These results were
then confirmed by other Japanese studies' ", but were
never in accordance with most Western European!*?’
and American studies” " in which most of the ISDR
sequences harbored an intermediate profile. A recent
meta-analysis focusing on the number of mutations within
NS5A ISDR confirmed the predictive usefulness of ISDR,
but a real geographical difference between Caucasian and
Asiatic patients was underlined”.

Recently, it was suggested that NS5A protein may also
inhibit the antiviral effect of IFN in a PKR-independent
manner in a human hepatocytic cell line®. Furthermore,
another domain in the NS5A region, named V3
(NS5A2562579)™", could also be linked to IFN resistance. Tt
has been suggested that mutations in the V3 domain may
correlate with IFN responsem. However, two reports have
shown that insertion and deletion around the ISDR and
the V3 domain had no impact on HCV RNA replication in
cell culture®,

In the present study, we examined mutations in the
complete NS5A region, including its ISDR, PKR binding
domain (PKRbd) and V3 domain, of HCV genotype
1b from patients treated with IFN or combined IFN-R
therapy. HCV quasispecies of ten patients were selected
for the analysis based on their response to the treatments
combined IFN-R therapy.

MATERIALS AND METHODS

Study population

We analyzed PCR products from ten HCV genotype 1b
infected patients included in a therapeutic trial®”. Seven
of them had SVR - three early and four slow responders
according to HCV RNA clearance during therapy at mo 3
(M3) - and three were non-responders to IFN-R (NR). Pa-
tients were all studied at baseline (D0), M3 and M6, when
gene amplification was possible (positive PCR). Patients
received 6 million units of IFN-a2b three times weekly. If
HCV RNA was still detectable at M2, ribavirin was com-
bined with IFN at M3 and continued up to M12. SVR was
defined as undetectable HCV RNA during treatment and
six months after the end of therapy (EOT). Non-SVR was
defined as detectable HCV RNA during treatment and six
months after the EOT.

HCV RNA quantification

Quantification of serum HCV RNA was performed using
VERSANT HCV RNA 3.0 assay (Bayer Diagnostics,
Emeryville, CA, USA) with a detection threshold at 615
IU/mL (2.79 log IU/mL).
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Forward primers Positions nt

El 5' GAGGGGGCTGTGCAGTGGATG 3'  6057-6077

3 5' TCCGGCTCGTGGCTAAGGGA 3' 6246-6265

52 5' GGATTTCCACTACGTGACGGG 3! 6620-6640

S4 5' GGGTCTCCCCCCTCCTTGGCC 3! 6906-6926

S31 5' GGACTACGTCCCTCCGGTGG 3' 7241-7260
Reverse primers

AS2 5' CGTCACGTAGTGGAAATCCCC3'  6618-6638

AS32 5' GGGACGTAGTCCGGGTCCTTC 3' 7232-7252

14 5' GCAGCAGACGAGATCCTCAC 3 7567-7586

E2 5' GCTGCGAGATGTTGTGGCGTA 3' 7698-7718
Cloning primers  (pMOS vector)

SeqS1 5' GGGAAAGCTTGCATGCCTGC 3'

SeqAS2 5' GACGTTGTAAAACGACGGCC 3!

Nucleotide positions are numbered according to the HCV-] sequence and the
NS5A region is within positions 6246-7586.

RNA extraction and amplification by RT-PCR

HCV RNA was extracted from 200 pL of serum by
guanidinium thiocyanate and silica method™. The full-
length NS5A gene was amplified by nested RT-PCR.
RT was combined with the first round of PCR with
outer primers E1 and E2 while second amplification was
performed with inner primers 13 and 14 as previously
described (Table 1), PCR products were then subjected
to electrophoresis in a 1% agarose gel (NuSieve GTG,
FMC) and visualized by ethidium bromide staining before
purification. In this study, we sequenced 343296 nts from
256 clones of the complete NS5A region. According to
Tag error rate (0.182 x 104" 6.247 RT-PCR-introduced
errors could have been analyzed as substitutions for all
clones, i.e. 0.024 RT-PCR-introduced errors per clone.

PCR products cloning

PCR fragments cut out from the agarose gel were purified
using a mini-column system (Wizard PCR Preps DNA
purification system, Promega) and then were ligated into
50 ng of pMOS vector (pMOSB/xe blunt-ended cloning
kit, Amersham Bioscience). Transformants were grown
on LB-agar plates containing 100 pg/mL ampicillin and
15 pg/mkL tetracycline. The presence of HCV insert was
confirmed by plasmid amplification using SeqS1 and
SeqAS2 primers (Table 1). We produced between 4 and 17

clones per patient.

DNA sequencing

Cycle sequencing was performed using the CEQ 8000
Dye Terminator Cycle Sequencing kit following the
manufacturer’s instructions (Beckman Coulter) before
automatic electrophoresis of the sequencing products
using a CEQ 8000 (Beckman Coulter). Inner PCR primers
S2, S84, 831, AS2 and AS32 were used as sequencing
primers (Table 1). Sequences were analyzed using the CEQ
8000 software.

Sequence analysis

Multiple nucleotide (nt) sequence alignment and ambiguity
were carried out with CLUSTAL X interface”. The
nucleotide substitution rate over sites within each set of
variants was estimated by using DAMBE software. The
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1973 Complete NS5A 2419 Figure 1 Schematic localisation
NSA4B ------ = NS3B  4f the six studied regions in NS5A
) protein. Amino acids positions are
1973 N-terminal element 2208 numbered according to the HCV-J
2209 C-terminal element 2419 polyprotein and the NS5A region is
within positions 1973-2419.
2209 2248
ISDR
2209 2274 2353 2379
pKRbd V3 domain
Patient and Sex Age Viral load n NT substitutions/master AA substitutions/master Genetic distance
time of treatment log IU/mL sequence sequence
SVR1-D0 F 48 2.00 15 45+23 25+1.4 0.0065 + 0.0008
SVR2-D0 F 53 4.55 13 51+3.6 33121 0.0070 + 0.0011
SVR3-D0 M 43 4.71 8 103 +£3.6 47+19 0.0105 + 0.0018
SVR4-D0 M 59 6.24 16 154 +£8.0 75+49 0.0172 + 0.0022
SVR4-M3 - - 1.61 13 3.6+21 1.8+1.0 0.0051 + 0.0008
SVR5-D0 F 65 5.44 15 10.1+£6.6 49+20 0.0171 + 0.0016
SVR5-M3 - - 2.77 17 64124 33+1.6 0.0070 + 0.0010
SVR6-D0 M 47 7.26 17 159 +£10.5 85+5.1 0.0192 + 0.0022
SVR6-M3 - - 2.18 6 40+1.7 24+13 0.0062 + 0.0012
SVR7-D0 F 51 6.61 15 293+85 73127 0.0294 + 0.0029
SVR7-M3 - - 542 15 126 £4.2 46+22 0.0156 + 0.0016
NR1-DO M 35 5.13 17 152+43 35+19 0.0181 + 0.0020
NR1-M3 - - 5.24 9 153+44 48+1.7 0.0143 + 0.0020
NR1-M6 - - 2.83 4 45+3.1 20+34 0.0041 + 0.0013
NR2-DO F 50 5.90 17 15.6+6.4 52+29 0.0181 + 0.0020
NR2-M3 - - 5.87 12 95+3.6 39+18 0.0125 + 0.0013
NR2-M6 - - 5.77 10 103 +3.3 40+£22 0.0274 + 0.0020
NR3-DO F 44 5.63 14 109+3.7 44+22 0.0279 + 0.0021
NR3-M3 - - 5.79 11 11.1+£27 40+28 0.0157 + 0.0017
NR3-M6 - - 5.00 12 10.8+3.3 44+20 0.0154 + 0.0015

F: Female; M: Male; n: number of PCR products analyzed; DO0: beginning of the treatment; M3: 3 mo of treatment; SVR: Sustained Virological Responders; NR:

Non-Responders to IFN-ribavirin therapy.

variability at each site i was measured by calculating the
Shannon entropy at the site i (H7) with the following
formula: H7 = —(Z4i:1 pi logz pj), where j = 1, 2, 3, 4
corresponding to nucleotide A, C, G and T, and pj is
the proportion of nucleotide j at site i. The normalized
entropy Sn was calculated as Sn = H/log N, where N
is the total number of analysed sequences”™. Types of
mutational changes were also determined by means of
MEGA 2.3 software. Genetic distances between pairs of
sequences were performed using Kimura 2-parameters
method””. The frequency of synonymous (dS) and non-
synonymous (dN) substitutions per site were calculated
with Nei-Gojobori method using the Jukes-Cantor
correction to account for multiple substitution at the same
siteP”. The dN/dS ratio is a measure of immunity pressure
on a region. Construction of the phylogenetic tree of
NS5A variants obtained from ten patients was performed
using MEGA 2.3 software. The phylogenetic tree was
constructed with the neighbour-joining method and
bootstrap resampling (1000 replicates were used to test
reliability of the tree topology)m. Master sequence was
defined as the sequence obtained from direct sequencing
of PCR products obtained before cloning.

A multiple alighment of the translated aa sequences
was generated. Alignment analysis of nucleotides and

proteins was performed using HCV-] (genotype 1b,
D90208) as reference and HCV-H (genotype 1a, M67463)
as out-group for the construction of the phylogenetic tree.

Six regions were studied: the ISDR (INS5A2209-2248), PKR
binding domain (PKRbd) (INS5A2209-2274), V3 (NS5A2355-2379),
the N-terminal element of NS5A protein until ISDR
(NS5A1973-2208), the C-terminal element of NS5A protein
from ISDR to the end (NS5A209-2419), and the complete
sequence of NS5A (NS5A19732419) (Figure 1).

Statistical analysis

Values for quantitative variables were expressed as means
+ SD. Comparisons between groups were performed
using the Student T-test or the non-parametric Mann-
Whitney U-test or Kruskal-Wallis K-test for quantitative
variables. The Pearson’s correlation coefficient was used. A
P-value of less than 0.05 was considered to be statistically
significant.

RESULTS

Phylogenetic and heterogeneity analysis of HCV
quasispecies

Characteristics of each patient are summarized in Table 2. We
studied ten patients (four males and six females). Average

www.wjgnet.com
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Figure 2 Phylogenetic tree of NS5A region (codon 1973-2419) of amino acids
HCV variants obtained from ten patients at different time of treatment. DO:
beginning of the treatment; M3: 3 mo of treatment; SVR: Sustained Virological
Responders to IFN-ribavirin therapy; NR: Non-Responders to IFN-ribavirin therapy.
HCV-H strain was used as outgroup. The internal node numbers represent the
bootstrap values. Distance scale represents 2% of difference between sequences.
When all NS5A sequences within a patient at one time point of treatment are
grouped in a cluster, this cluster is presented by only one node.
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Region and Genetic ds dN dN/dS Num. amino acid

patient type distance mutations
NS5A
SVR (n = 99) 0.1027 0.3239  0.039 0.120 33.9
NR (n = 48) 0.0698 0.1216  0.025 0.206 29.8
ISDR
SVR (n =99) 0.0834 0.3084  0.0295 0.096 1.3
NR (n = 48) 0.0765 0.2645 0.0271 0.102 1.9
PKRbd
SVR (n =99) 0.0934 0.2934 0.0424 0.145 5.3
NR (n = 48) 0.0815 0.2694 0.0332 0.123 5.7
V3
SVR (1 =99) 0.1836 0.3264 0.1282 0.393 6.0
NR (n = 48) 0.1372 0.4482  0.0556 0.124 4.7

Values were calculated as described in methods; amino acids sequences were
compared to HCV-J; n: number of PCR products analyzed; dS: frequency
of synonymous substitutions per site; dN: frequency of non-synonymous
substitutions per site; SV: Sustained Virological Responders; NR: Non-
Responders to IFN-ribavirin therapy.

patient age was 49.5 years and HCV viral load was 5.35
log TU/mL (mean at baseline). We found a significant
difference in viral load between the three groups of early,
slow SVR and NR (P = 0.034), whereas no significant
difference was found between the SVR and NR groups at
baseline. The genetic variability of the NS5A region was
confirmed by cloning NS5A PCR products obtained from
the ten patients (7 SVR and 3 NR) into the pMOS vector.
In total, PCR products from 256 clones of the NS5A
region were analyzed (Table 2). No cluster in correlation
with treatment response was observed in the phylogenetic
tree (Figure 2). However, in two slow SVR patients (SVR4
and SVR5) two different clusters were individualized with
two populations of variants (DO and M3, respectively). In
the two other slow SVR patients (SVR6 and SVR7) and
in NR patients, we found mixed populations of variants
at the beginning of treatment (D0) and during treatment
(M3 or M6). Genetic complexity of nt and aa sequences
calculated by Shannon entropy showed no significant
difference between the two groups studied (Figure 3, A
and B). Interestingly, when we looked at early SVR in
comparison with slow SVR, we observed a significant
difference between these three groups of patients, P =
0.026 and P = 0.024, respectively, for nt and aa complexity
calculated by Shannon entropy. At baseline, we observed
that PCR products from the SVR group displayed more
frequently synonymous substitutions (dS) and non-
synonymous substitutions (dN) than PCR products from
the NR group along the NS5A region, ISDR and PKRbd
domains, but not in the V3 domain for dS (Table 3,
columns 3 and 4). dN/dS ratios were similar in the two
groups in ISDR and PKRbd domains. This ratio was two
times higher in SVR patients than in NR patients along
the NS5A region and three times higher in the V3 domain
(Table 3, column 5).

Among the aa sequences of the PKRbd and V3
domains, we observed that NR patients exhibited a higher
variant complexity than SVR patients before initiation of
IEN therapy in the three domains ISDR, PKRbd and V3
(Table 4). In ISDR, after three months of IFN therapy,
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Figure 3 Genetic complexity of HCV quasispecies (A: nucleotide; B: amino acid) calculated by normalized entropy in seven sustained virological responders and three
non-responders with median indicated by horizontal bar for each group. P-value calculated by Mann-Whitney U-test.

Patient Time of treatment DO M3 Mé
domains ISDR-PKRbd-V3 ISDR-PKRbd-V3 ISDR-PKRbd-V3

SVR1 n=15 3-4-3

SVR2 n=13 3-4-2

SVR3 n=8 3-5-3 -

SVR4 n=16-13 3-7-3 3-4-3

SVR5 n=15-17 8-8-1 4-7-1

SVR6 n=17-6 8-9-3 1-2-3

SVR7 n=15-17 6-6-7 6-7-7 -

NR1 n=17-9-4 6-8-7 3-4-4 1-3-2

NR2 »n=17-12-10 7-8-2 5-8-3 3-4-6

NR3 n=14-11-12 6-7-4 5-7-3 4-5-2

Amino acids sequences were compared to HCV-J; n: number of PCR products
analyzed.

two out of four slow SVR patients and the three NR
patients showed a decrease in variant complexity (SVRS5;
SVRO6; NR1; NR2 and NR10). The two other slow SVR
patients displayed stability in variant complexity (SVR4 and
SVR7). The three NR patients had a continuous decrease
in the complexity under combined IFN-R regimen at M6
(NR1; NR2 and NR3).

Within PKRbd, after three months of IFN therapy,
three out of four slow SVR patients and one out of three
NR patients displayed a decrease in variant complexity
(SVR4; SVR5; SVR6 and NR2) (Table 4). The two other
NR patients exhibited stability in variant complexity (NR2
and NR3) and the fourth slow SVR patient showed an
increase in variant complexity (SVR7). The three NR
patients had a decrease in complexity under combined
IFN-R therapy at M6.

After three months of IFN therapy, three out of four
slow SVR patients (SVR4; SVR6 and SVR7) displayed a
decrease in variant complexity in the V3 domain, as did
two out of three NR patients (NR1 and NR3) (Table 4).
The two other patients were found to contain an increase
in variant complexity (SVR5 and NR2). Under combined
IFN-R therapy, two NR patients had a low decrease in
variant complexity (NR1 and NR3), whilst the third NR

patient showed an increase (NR2) in vatriant complexity.

Variability in six different regions along the NS5A gene
Comparison to master sequence: Among the 256
PCR products studied, before and during treatment, we
observed a mean of 11.7 = 7.9 nt substitutions with a
median of 10 nt substitutions.

At baseline, we observed 13.6 = 9.1 nt substitutions
(median of 12 nt substitutions) among the 147 clones
analyzed, in comparison to the master sequence (Table 2,
column 0). The aa variations were 4.8 £ 3.1 substitutions
(with a median at 4) among all 256 clones and 5.4 * 3.5
aa substitutions in clones analyzed before treatment,
with a median of 5 aa substitutions. We also observed
that all variants from SVR patients had a higher genetic
diversity than all variants from NR patients in the four
regions studied, including ISDR, PKRbd, V3 domain and
complete NS5A (Table 3, column 2). Within patients, we
observed that the 3 eatly SVR had a lower genetic diversity
than the four slow SVR and the three NR.

We observed significantly more aa substitutions in
SVR clones than in NR clones in two out of six regions
(complete NS5A, P = 0.013; the first half of NS5A, P
= 0.032). Interestingly, NR clones presented more aa
substitutions in the V3 domain than SVR clones, but this
was not statistically significant (Table 3).

During treatment, the genetic distance and numbers of
substitutions (nt and aa) in SVR PCR products decreased
between the baseline and M3 (Table 2, columns 6, 7 and 8).
PCR products from NR patients also showed a decrease
of the genetic distance, but this was lower than those
from SVR patients. However, clones from NR patients
had either stability or an increase in the number of aa
substitutions observed under treatment. NS5A variants
had a high heterogeneity without clonal selection of
quasispecies and a low variation in ISDR and V3 domains
during therapy.

Comparison to HCV-] sequence: Among the 256
clones analyzed, we observed a mean of 32.1 £ 5.2
aa substitutions. At baseline, a mean of 36.6 * 5.6 aa
substitutions (median at 32 aa substitutions) was observed
among the 147 clones analyzed, in comparison to the

www.wjgnet.com
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NS5A region (aa range) 2 groups (DO) SVR (DO) NR (DO) SVR (M3) NR (M3) NR (M6)

(n = 147) (n=99) (n = 48) (n =51) (n =32) (n = 26)
ISDR (2209-2248) 15+1.6 13+1.7 19+1.1 0.8+0.8 21+£1.0 1.8+1.2
PKRbd (2209-2274) 54+21 53124 57+1.2 47+1.6 6.1+£1.0 57+13
V3 (2353-2379) 55+1.4 6.0+1.5 47+0.6 6.1+1.3 48+0.7 51+0.6
Complete NS5A (1973-2208) 32.6+5.6 33.9+6.0 29.8+3.7 31.7+53 30.8+3.9 31.9+29
N-terminal part of NS5A (1973-2208) 124 +£3.1 129133 11.6+£24 11.7£2.0 11.2+£21 12.8+2.1
C-terminal part of NS5A (2209-2419) 20.1+£3.9 21.1+4.1 182+24 20.1+4.2 19.6+£29 194+34

n: number of PCR products analyzed; SVR: Sustained Responders; NR: Non-Responders to IFN-ribavirin therapy; D0: beginning of the treatment; M3: 3 mo of

treatment; M6: 6 mo of treatment.

HCV-J sequence (Tables 2 and 5). Next, we determined for
each group the level of aa substitutions in each site, with a
threshold at 15 aa substitutions (this threshold was defined
as half of the maximum (# = 31) of aa substitutions
observed for the 256 clones; in position 2218). In ISDR, aa
variations were found at positions 2218, 2224, 2232, 2234
and 2237, in the V3 domain at position 2377 and along
NS5A protein at positions 2251 (PKRbd), 2280 and 2408.

At baseline, among the two group of patients (SVR and
NR), the comparison of the different clone populations
showed that all except one (PKRbd) of the six regions
studied were able to differentiate the two groups (Table 5).

We observed more aa substitutions in SVR clones than
in NR clones in four out of six regions (complete NS5A,
P < 0.001; the first half of NS5A, P = 0.010; the second
half of NS5A, P < 0.001 and V3, P < 0.001). Interestingly,
NR clones presented more aa substitutions in ISDR than
SVR clones, P = 0.011, and the PKRbd domain was not
able to discriminate the two groups of patients. In contrast
to previous findings, NR clones had more aa substitutions
than SVR clones in ISDR and PKRbd regions. We did
not find any correlation between HCV viral load and
the number of mutations observed in ISDR and the V3
domains. A fair correlation was observed between HCV
viral load and PKRbd (» = 0.724; P = 0.018). A good
correlation was observed between HCV viral load and
complete NS5A (r= 0.855; P = 0.002) and with the second
half of NS5A (r= 0.782; P = 0.008).

During treatment, a decrease of aa substitutions
occurred in the six studied regions for the two groups of
patients. Only ISDR and the complete NS5A sequence
showed a significant dectrease in aa substitutions under
treatment in comparison with populations studied at
baseline (P = 0.019 and P = 0.005, respectively). In the NR
clones, stability or a low decrease in aa substitutions was
observed in the six regions, at baseline, M3 and MG6.

Possible mutagenic effect of ribavirin during combination
therapy

Among the three populations of clones from NR patients,
we did not find any aa substitutions between M3 and M6
treatment points, as recently described in NS5A during
ribavirin monotherapy™. No other specific aa substitutions
were found in the NS5A protein.

DISCUSSION

Numerous viral and host factors have been described
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as predictors of response to therapy. HCV genotype 1,
particularly genotype 1b, are most resistant to combined
IFN-R therapy”. Among viral factors, genetic variability
has been studied in many regions of the HCV genome,
mainly in hypervariable region 1 (HVR1) and PKR-eIF2q
phosphorylation homology domain (PePHD) of E2
region and in PKRbd (including ISDR) of NS5A!"*,
However, few reports have studied the complete NS5A
U722 Most of these studies examined patients
treated by IFN monotherapy, with few studies of patients
treated by combined IFN-R therapy.

A recent study examining viral sequence differences
between African American and Caucasian patients treated
by IFN with or without ribavirin found that the NS5A
region did not cluster by race, but treatment response
and IFN effectiveness did"™. In this study, our analysis of
the number of substitutions in the V3 domain showed a
significant difference between the two groups of patients
and a significant correlation between IFN effectiveness
and a high number of mutations in the V3 domain',

In another study examining the second half of the
NS5A region, especially ISDR, PKRbd and V3 domains, in
patients treated by combined IFN-R therapy, the authors
also found that the V3 domain showed more accumulation
of substitutions than other domains in NS5A", SVR
patients had lower complexity and diversity than NR
patients before treatment. During therapy, the investigators
observed a decrease in complexity and diversity in SVR
patients, and an increase in complexity with accumulation
of non-synonymous mutations in NR patients.

In our study, we analyzed sequence vatiations of NS5A
quasispecies in patients who received adapted therapy
according to virological response during treatment.
Among SVR patients, we analyzed three early SVR and
four slow SVR patients compared to three NR patients.
The construction of a phylogenetic tree did not allow us
to distinguish the two groups of patients (SVR and NR).
Before treatment, the analysis of genetic complexity and
diversity did not show a significant difference between
the seven SVR and the three NR patients. However, the
genetic complexity and diversity were lower in early SVR
than in the seven other SVR patients. The analysis of the
immunity pressure in different domains of the NS5A
gene did not show differences between the SVR and NR
groups except for the V3 domain and the complete NS5A
region where the SVR group presented a higher immunity
pressure than NR patients. Generally, the analysis of
mutations compared to the master sequence or HCV-]
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sequences requires long fragments (a half or a complete
NS5A protein) to distinguish SVR and NR. We did not
observe any difference in specific aa substitutions between
the two groups of patients.

During treatment, we observed a decrease of genetic
complexity and diversity in slow SVR and NR patients.
A very low complexity was found in the V3 domain in
eight out of ten patients (6/7 of SVR and 2/3 of NR
patients). In the PKRbd and V3 domains, we often
observed complexity decrease or stability. Only one out
of seven SVR and one out of three NR patients displayed
complexity increase either under IFN therapy or under
combined IFN-R therapy. Thus, we observed a different
evolution of quasispecies under IFN alone or under
combined therapy. This is in contrast to a recent study
by Puig-Basagoti ¢/ a/* where they observed a decrease
in quasispecies complexity in SVR patients and a stability
or increase in quasispecies complexity in NR patients. In
this study, the analysis of the quasispecies was done at wk
1, 2 and 4, whereas in our study we analyzed quasispecies
after a first three-month period of treatment under
IFN alone and after a second three-month period under
combined IFN-R therapy. We observed the same rate of
appeatrance of aa substitutions in the ISDR domains for
the two categoties of patients. However, the instauration
of a real modification of aa in a quasispecies was more
often observed in SVR patients than in NR patients in
the complete NS5A protein and in the PKRbd and V3
domains. Interestingly, in three slow SVR (SVR4-SVR5-
SVRO) patients the main vatiant from the ISDR domain
remained unchanged after three months of treatment.
The same observation was made in two out of three NR
patients who also exhibited complexity stability in the
different NS5A regions.

Asahina e al™™ studied the possible mutagenic effect
of ribavirin during a period of 28 days of ribavirin
monotherapy before combined IFN-R therapy. During
the first phase of ribavirin monotherapy, they observed an
accumulation of non-synonymous substitutions located in
NS5A. These substitutions were observed in ten patients
and eight of them had SVR after treatment. In our study,
we did not observe these substitutions in PKRbd nor in
any part of NS5A. However, our treatment regimen was
different and we only studied the effect of ribavirin during
three months of combined therapy in NR patients. It is
also possible that substitutions did arise during combined
therapy, but were subsequently eliminated by the treatment.

In conclusion, our study reinforces the potential role
of NS5A polymorphism, particulatly in the V3 domain, in
regulating HCV resistance to IFN treatment. Nevertheless,
the undetlying molecular mechanisms remain unclear.
Mutations in the V3 domain may affect the interaction
between NS5A and one or several IFN-induced antiviral
effectors. Some studies found high mutation frequency
in ISDR being associated with low HCV RNA titer,
suggesting that NS5A may play a role in HCV replication.
In our study, at baseline, we did not find any relationship
between HCV viral load and the number of mutations
observed in the ISDR and V3 domains. The number of
mutations observed in PKRbd has shown a fair correlation
with HCV viral load, but we found a better correlation

when we analyzed the second half or the complete NS5A
region. These results support the notion that mutations in
the NS5A region may influence on HCV replication, and
suggest that the entite NS5A region should be analyzed for
mutations that may correlate with IFN response. Further
clinical studies with new therapeutic approaches such as
pegylated IFN, as well as the use of the recently developed
HCYV infection cell cultute systems should further improve
our understanding of the role of NS5A in regulation of
the IFN response.
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Background

In this article, we analyzed NS5A HCV quasispecies evolution during antiviral
treatment. Since the NS5A protein is implicated in HCV resistance, this study
should enhance the knowledge of evolution of the resistance during treatment.

Research frontiers

Many previous articles focused on a small region(s) of NS5A without studying the
complete gene. We believe that an analysis of the entire NS5A region is necessary
because some sections of NS5A may be important for homologous and/or heter-
ologous RNA-protein or protein-protein interactions and thus may play a role in
conferring HCV resistance to IFN therapy.

Innovations and breakthroughs

To the best of our knowledge, only two reports studied quasisipecies along the
complete NS5A region and did not observe quasispecies evolution during therapy.
In contrast, our results suggest that V3 domain plays a role in HCV resistance to
IFN therapy.

Applications

Our study may help identify mutations within the HCV genome that can be used
to predict patients’ response to IFN treatment or future new antiviral modalities, as
well as provide molecular hints for the mechanisms underlying HCV resistance to
the therapy.
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Study is important with findings suppporting previous results as well as novel
findings. The biggest problem is the very small size of the patients analyzed. The
paper is well written and consise.
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