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VIRAL HEPATITIS
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Abstract

AIM: To study the amino acid substitutions in the
carboxy (C)-terminal part of E2 protein and in the
interferon (IFN) sensitivity determining region (ISDR)
and their correlation with response to IFN and viral load
in 85 hepatitis C virus (HCV)-1b-infected patients treated
with IFN.

METHODS: The C-terminal part of E2 (codons 617-711)
including PKR/eIF2a. phosphorylation homology domain
(PePHD) and ISDR was sequenced in 85 HCV-1b-infected
patients treated by IFN monotherapy.

RESULTS: The amino acid substitutions in PePHD
detected only in 4 of 85 patients were not correlated
either with response to IFN or with viral load. The
presence of substitutions in a N-terminal variable
region (codons 617-641) in the C-terminal part of E2
was significantly correlated with both small viral load
(33.9% vs 13.8%, P = 0.0394) and sustained response
to IFN (25.0% vs 6.9%, P = 0.0429). Four or more
substitutions in ISDR were significantly correlated with
both small viral load (78.6% vs 16.2%, P < 0.0001) and
sustained response to IFN (85.7% vs 2.9%, P < 0.0001).
In multivariate analysis, ISDR in nonstructural (NS) 5A
(OR = 0.39, P < 0.0001) and N-terminal variable region
(OR = 0.51, P = 0.039) was selected as the independent
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predictors for small viral load, and ISDR (OR = 39.0, P <
0.0001) was selected as the only independent predictor
for sustained response.

CONCLUSION: The N-terminal variable region in the
C-terminal part of E2 correlates with both response to
IFN monotherapy and viral load and is one of the factors
independently associated with a small viral load.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Hepatitis C virus (HCV) is one of the most frequent
and important causes of chronic viral hepatitis and
approximately 170 million people are infected with the
virus worldwide'. HCV usually causes chronic infection,
which can result in chronic hepatitis, liver cirrhosis, and
hepatocellular carcinoma®.

Interferon (IFN) monotherapy and combination
therapy of IFN and ribavirin have been shown to be
effective for eradicating chronic HCV infection™".
Genotype 1b is resistant against antiviral therapym, and
viral load is known as a predictor for response to IFN
mono therapy'®. While the combination therapy has
significantly improved the effectiveness for patients with

large viral load of genotype 1b, viral load still determines
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the outcome of treatment!”.

RNA-activated protein kinase (PKR) is a mediator
of IFN-induced antiviral resistance. PKR-binding
domain (PKR-bD) comprising the interferon sensitivity
determining region (ISDR) within the nonstructural
(NS) 5A protein is known to be potentially important
for antiviral therapy outcome. However, reported results
concerning the correlation of the substitutions within
PKR-bD/ISDR to treatment outcome are conﬂicting[gm.

A PKR/elF2a phosphorylation homology domain
(PePHD, codons 659-670) within the catboxy (C)-terminal
part of E2 protein has been found to interact with PKR
and inhibit PKR in vitro, suggesting a possible mechanism
of HCV to evade the antiviral effects of IFN'. Several
studies have concluded that a correlation of substitutions
in PePHD does not exist' """, while only 3 others have
confirmed it"*?", PePHD-deleted HCV-1 mutants
remain capable of binding to PKR to some extent, while
C-terminal-truncated E2 protein loses activity of inhibiting
PKR. Thus regions other than PePHD within C-terminal
part of E2 protein may interact with PKR. It is possible
that the mutations in regions other than PePHD within
C-terminal part of E2 protein may correlate with response
to IFN. Sarrazin et a/”" reported that substitutions in
C-terminal part of E2 are linked with response to antiviral
therapy.

In the present study, we investigated the amino acid
substitutions in the C-terminal part of E2 protein and in
ISDR and their correlation with response to IFN and viral
load in 85 HCV-1b infected patients treated with IFN.

MATERIALS AND METHODS

Patients

Eighty-five patients infected with HCV genotype 1b,
were retrospectively analyzed (Table 1). The patients
received various IFN preparations in various schedules of
administration. Thirty-six patients received lymphoblastoid
IFNa, 14 IFNa 2a, 18 natural IFNf, 3 IFNq 2b and 14
both lymphoblastoid IFN¢@ and natural IFNf. Total dose
of IFN was 200-400MU in 32, 400-600MU in 40, and
600MU or more in 13 patients. All patients were positive
for both serum anti-HCV antibody (second generation
enzyme immunoassay, Abbott laboratories, North
Chicago, IL) and serum HCV RNA (Amplicor HCV test,
Nippon Roche, Tokyo). HCV genotype was determined
as previously described”™ and classified according to
Simmonds’ the classification of simmonds e a/”. Viral
load was measured by branched DNA assay (Quantiplex
HCV RNA assay, version 2, Chiron Corp., Emeryville,
CA). Histological evaluations were done according to the
grading and staging suggested by Desmet ez al™,

Patients who obtained normalization of alanine
aminotransferase (ALT) levels and HCV RNA clearance
for more than 6 mo after IFN therapy were considered as
sustained virological responders (SVR). The other patients
were grouped as nonresponders.

This study was approved by the local committee on
medical ethics and adhered to the guidelines of the 1975
Declarations of Helsinki.

Sustained responders Non-responders P

Patients (n) 16 69
Age (yr) 51.2+10.7 524+11.1 NS
Male/Female 14/2 47/22 NS
History of blood 5/11 21/48 NS
transfusion (+/-)
ALT (IU/T) 110.4 + 88.0 95.6 + 61.0 NS
Viral load (Meq/mL) 0.9+0.9 69+78 0.0027
Histology
Grade 1.9+0.7 23+0.8 NS
Stage 1.9+0.7 25+0.9 0.0154
Number of amino acid
Substitutions in
ISDR 50+£1.2 07+1.1 <0.0001
C-terminal part of E2 3417 25+1.2 0.0149
N-terminal variable region 1.6+1.1 09+09 0.0148
Substitution of aa 625 (+/-) 6/10 8/61 0.0213

Sequencing of the C-terminal part of E2 protein
comprising PePHD

HCV RNA was extracted from 100 pl. of patients’ sera
before IFN therapy by Sepa Gene RV-R™ (Sanko Junyaku
Co. Inc., Tokyo). cDNA was prepared from extracted RINA
by reverse transcription using the random primer (Takara,
Ohtsu, Japan). Nested polymerase chain reaction (PCR) was
done for amplifying the C-terminal part of the E2 protein
comprising PePHD (nt 2178-2462). Four primers designed
from the nucleotide sequences of HCV-] were used for
the nested PCR. The 1st round of PCR was performed
using the external primers (sense primer; nt 2127-2143; 5°
-GGGCCCTGGTTGACACC-3, and anti-sense primer;
nt 2508-2524; 5°>-GCGGACGCGCGCGTCTG-3’)
and the 2nd round of PCR was performed using
the internal primers (sense primer; nt 2157-2174; 5
-GACTACCCATACAGGCTC-3’, and anti-sense primet;
nt 2496-2515; 5> TTCCTTCTTCTGGCGGA-3’). All
rounds of PCR were done with Taq polymerase (Takara,
Ohtsu, Japan) by the following protocol: 35 cycles of
denaturation for 1 min at 95°C, annealing for 1 min
at 55C, and extension for 1 min at 72°C, and a final
extension for 7 min at 72°C.

Sequencing was performed by the PCR direct
sequencing method. Amplified DNA was isolated by
agarose gel electrophoresis and purified by EASYTRAP™
Ver.2 (Takara, Ohtsu, Japan). The nucleotide sequence was
determined by the dideoxy method using a dye terminator
cycle sequencing kit (Perkin-Elmer Japan, Tokyo, Japan).

Sequencing of ISDR in NS5A

cDNA of ISDR in NS5A was prepared by reverse
transcription using SASRAW primer (nt 7177-7197; 5-GT
GCCCATATGGGCAACGCTG-3’) with RNA extracted
from 50 pL. of serum and then amplified by nested PCR
with a DNA thermal cycler (Lobocycler 40; Stratagene, La
Jolla, CA). The 1st round of PCR was performed using the
external primers (sense primer 5SPDV; nt 6825-6844; 5'-C
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CGGATGTGGCAGTGCTCAC-3!, and anti-sense primer
5ASRAW. The second round of PCR was performed using
the internal primers (sense primer 5STDV; nt 6853-6874; 5 . X . .
Patients with Patients with P

""TCACCGACCCCTCTCATATTAC-3', and biotin-labeled
anti-sense primer SIASPKR; nt 7141-7161; 5-GTTTTCGC
AGGATCTCCGCCG-3"). Twenty-nine cycles of PCR wete
done as follows: denaturation for 1 min at 94°C, annealing
for 1.5 min at 56°C, and extension for 1.5 min at 72°C.
The PCR products labeled with biotin were recovered with
streptavidin-coated magnetic beads (Dynal, Oslo, Norway).
The sequencing reaction was performed using a thermo
sequenase fluorescent-labeled primer cycle sequencing
kit (Amersham, Buckinghamshire, England) with Cy5-
labeled 5ISKRR fluorescent primer (nt6887-6906; 5°-CA
AGCGTAGGCTGGCCAGGG-3’) under the conditions
recommended by the kit supplier. The reaction mixture
was applied to the ALFII DNA sequencer (Amersham
Pharmacia Biotech, Tokyo, Japan). Identification of the
substituted amino acid was performed using a KINOP
alignment software system (Otsuka-Fujitsu Collaborative
Development, Tokyo, Japan).

Phylogenetic tree construction
A phylogenetic tree was constructed to determine the
genetic relation using the Neighbour-joining method™.

Statistical analysis

Data were analyzed by Student’s 7 test, chi-square test,
and linear regression test for each applicable analysis.
Multivariate analysis was done by discriminant analysis by
stepwise forward selection method. P < 0.05 was considered
statistically significant.

RESULTS
Response to IFN therapy

Sixteen of 85 patients had sustained virological response
(Table 1). Viral load was significantly smaller in sustained
virological responders than in non-responders (P = 0.0027).
Stage of liver histology was significantly lower in sustained
virological responders than in non-responders (P = 0.0154).

Sequences of C-terminal part of E2 protein

All of the obtained sequences were aligned. The most
popular amino acid at each position was determined as
the consensus sequence. Since there were two amino acids
(isoleucine and valine) equally popular at codon 705, we
considered both of them as the consensus sequences. The
number of amino acid substitutions in the C-terminal part
of E2 protein (codons 617-711) was 0 in 2, 1 in 13, 2 in
30, 3in 22, 4 in 10, 5in 3 and 6 in 5 patients respectively
(Figures 1A and B).

Amino acid substitutions in PePHD were seen only in
4 out of 85 patients and did not correlate either with viral
load or with response to IFN (Figures 1A and B).

The number of substitutions in the C-terminal part of
E2 protein was significantly larger in sustained virological
responders than in non-responders (P = 0.0149, Table 1).
The patients with 4 or more substitutions in the C-terminal
part of E2 protein had sustained virological response to
IFN therapy [38.9% (7/18)] more frequently than those
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small viral load Ilarge viral load

Patients (1) 24 61
Age (yr) 525+11.0 52.0+11.1 NS
Male/female 19/5 42/19 NS
History of blood
transfusion (+/-) 8/16 18/43 NS
ALT (IU/1) 89.3 £ 64.1 102.0 £ 67.6 NS
Viral load (Meq/mL) 05+0.1 78+79 0.0001
Histology
Grade 22+0.8 23+0.8 NS
Stage 23+0.8 24+09 NS

Number of amino acid

Substitutions in

ISDR 33+25 08+1.2 <0.0001
C-terminal part of E2 31+17 25+1.2 NS
N-terminal variable region 1.5+1.0 0.9+0.9 0.0090
Substitution of aa 625 (+/-) 7/17 7/54 NS

with less than 4 substitutions [13.4% (9/67)]( P = 0.0358).

In the molecular-evolutional analysis with phylogenetic
tree, we could not find any specific clustering either in
sustained virological responders or in non-responders (Data
not shown).

N-terminal region in the C-terminal part of E2 protein

In the C-terminal part of E2 protein, there were four
variable regions where amino acid sequences were variable
(Figures 1A and B). The regions correlating with response
to IFN and viral load were searched for. The number of
substitutions in N-terminal variable region designated
as variable region 1 was significantly larger in sustained
virological responders than in non-responders (P = 0.0148,
Table 1). The patients with substitutions in N-terminal
variable region had sustained virological response to
IFN therapy [25.0% (14/56)] more frequently than those
without substitutions [6.9% (2/29), P = 0.0429]. The
number of substitutions in N-terminal variable region
was significantly larger in the patients with small viral load
(HCV-RNA < 1Meq/mL) than in those with large viral
load (P = 0.0107, Table 2). The patients with substitutions
in N-terminal variable region had small viral load [33.9%
(19/56)] more frequently than those without substitutions
[13.8% (4/29), P = 0.0394]. Amino acid substitutions
in other parts of C-terminal of E2 protein were not
correlated with either viral load or sustained response to
IFN therapy (Data not shown).

Specific amino acid substitutions correlated with viral
load or with response to IFN therapy were searched
for. Amino acid substitutions of threonine to serine at
codon 625 were found to be significantly correlated with
sustained virological response to IFN therapy (P = 0.0213)
(Table 1).

Changes in sequences of C-termianl part of E2 after IFN
therapy
The sequences of C-terminal part of E2 after IFN therapy
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Figure 1 Amino acid sequences of C-terminal part of E2 protein with 0-2 substitutions (A) and 3-6 substitutions (B) in 45 and 40 HCV 1b-infected patients treated by IFN

therapy respectively.

were determined in 16 non-responders (Figure 2). In 8
patients, the sequences did not change before and after
IFN therapy, while in the other 8 patients, the sequences
changed. The number of substitutions in C-terminal part
of E2 decreased in 3 patients (from 5 to 2 in N45, from 3
to 2 in N7, and from 2 to 1 in N3), increased in 4 patients
(from 2 to 3 in N28 and N30, and from 1 to 3 in N31 and
N40), and did not changed in N38.

Sequences of ISDR

The sequences of ISDR were determined in 82 patients
(Figure 3). The number of substitutions in ISDR was
significantly larger in sustained virological responders than
in non-responders (P < 0.0001, Table 1). The patients with
4 or more substitutions in ISDR had sustained virological
response to IFN therapy [85.7% (12/14)] more frequently
than those with less than 4 substitutions [2.9% (2/68),
P < 0.0001]. The number of substitutions in ISDR was
significantly larger in the patients with small viral load than
in those with large viral load (P < 0.0001, Table 2). The
patients with 4 or more substitutions in ISDR had small
viral load [78.6% (11/14)] more frequently than those with
less than 4 [16.2% (11/68), P < 0.0001].

Correlation between substitutions in C-terminal part of E2
and ISDR

The substitutions in C-terminal part of E2 and ISDR
were significantly correlated with each other (P = 0.026,
r = 0.246) (Figure 4). The number of substitutions in
N-terminal variable region did not correlate with that in
ISDR.

Multivariate analysis for factors independently associated
with response to IFN therapy and viral load

In multivariate analysis, the number of substitutions
in ISDR was selected as the only independent factor

Variable

Variable region 3 Variable region 4

617 Variable region 1 region 2 711

PePHD

Egﬂg% HYPCTVNFTIFKVRMYVGGVEHRUNAACNWTRGERCOLEDRDRSELSPLLLSFTEWQILPCSF[TLPALSTGLIHLHQNIVDVQYLYGIGSAWVS|
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N32 aft 17
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Figure 2 Amino acid sequences of C-terminal part of E2 before and after IFN
therapy in 16 non-responders.

associated with sustained virological response to IFN
therapy (OR = 39.0, P < 0.0001). The substitutions in
ISDR (OR = 0.39, P < 0.0001) and N-terminal variable
region (OR = 0.51, P = 0.039) were selected as the
independent factors correlated with small viral load.

DISCUSSION

In the present study, the substitutions in C-terminal part of
E2 were found to be significantly correlated with response
to IFN therapy. Especially, the substitutions in N-terminal
variable region were significantly correlated with response
to IFN therapy and one of the factors independently
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Figure 3 Amino acid sequences of ISDR in 82 HCV-infected patients.

associated with small viral load. So far, only Sarrazin ez
al™ have suggested the correlation of the substitutions in
C-terminal part of E2 with response to antiviral therapy.
They reported that normalized Shannon entropy as well
as mean Hamming distances in C-terminal part of E2
are significantly lower in sustained responders than in
non-responders by calculation of genetic complexity and
diversity of amino acid sequences, although no significant
correlation of specific mutations or number of mutations
within C-terminal part of E2 with response to IFN
therapy has been found”'. Further studies are needed to
assess the correlation of sequences of C-terminal part of
E2 with response to the combination therapy of IFN and
ribavirin as well as viral load.

Tayler ez a/"”' described that PePHD-deleted HCV-1
mutants remain capable of binding to PKR to some
extent, while C-terminal-truncated E2 protein loses activity
of inhibiting PKR. This finding indicates that regions
other than PePHD within C-terminal part of E2 interact
with PKR and play an important role in suppressing
PKR, a mediator of IFN-induced antiviral resistance.
The correlation of C-terminal part of E2 with response
to IFN therapy and small viral load may suggest that
the substitutions in the region abrogate the activity of
suppressing PKR, resulting in susceptibility to IFN therapy
and small viral load.

When the sequences of C-terminal part of E2 were
compared before and after IFN therapy, the decrease
in substitutions was observed in only 3 of 16 patients,
indicating that resistant HCV becomes predominant
after IFN therapy. The factors other than the number of
substitutions of C-terminal part of E2 also play a role in
resistance to IFN therapy.

The present study showed that PePHD was highly
conserved and that there were no significant correlations
of the substitutions of PePHD with the response to

www.wjgnet.com

5
Substitutions in aa 617617-711 711 compared
with the consensus sequence

Figure 4 Correlation between the number of amino acid substitutions in ISDR and
C-terminal part of E2 protein.

IFN therapy or with viral load. It was reported that
PePHD has similar sequences with PKR and elF2q in
E2 region of HCV genotype 12", Other studies also
showed that PePHD is highly conserved and that there
are no significant correlations between the substitutions
in PePHD and the response to IFN therapym’m. Only
three reports on genotypes 1, 2, and 3 have reported a
correlation between substitutions of PePHD and the effect
of IFN therapym’m. Recently Bagaglio ez al™ reported
that substitutions in PePHD correlate with hepatocellular
carcinoma. Further studies on the correlation of
substitutions of PePHD with clinical aspects of chronic
HCV infection are needed.

In the present study, the substitution of threonine to
serine at codon 625 significantly correlated with sustained
response. No reports are available on the correlation
of a specific amino acid substitution with response to
IFN therapy. Both threonine and serine have side chains
containing hydroxylic groups which are similar to each
other. Thus this substitution makes only a slight difference
in the structure of E2 protein. Further studies are
necessary to elucidate the correlation of the substitution
with response to IFN therapy.

The correlation of ISDR with viral load and response
to IFN therapy was confirmed in the present study. Gale
et al”” reported that NS5A represses PKR through direct
interaction and inhibits IFN-induced antiviral response.
Multiple ISDR mutations probably abrogate this action
of NS5A on inhibiting PKR"”. This is probably the
reason why patients with mutant ISDR are likely to obtain
sustained virological response and have small viral load.
Inhibition of antiviral activity of IFN by NS5A has been
shown in mammalian cells using encephalomyocarditis
virus and vesicular stomatitis virus®”. However
inconsistent association between type of ISDR and IFN
sensitivity /# vitro has been also reported””,

The present study demonstrated the correlation
between the number of substitutions in the C-terminal
part of E2 and ISDR. Both regions bind to PKR and
inhibit its activity. It may be the reason why the mutations
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of the two regions occur simultancously. They are
probably adoptive mutations to the circumstances of
individual hosts. The mutations may bring out some
advantages for HCV to survive, while they may also make
HCV susceptible to IFN or viral load smaller. Mackawa
et al” reported that introduction of NS5A mutations
enables HCV teplicon derived from HC-J4 to replicate
efficiently in Huh-7 cells®". The possible advantages of the
mutations in the two regions require further elucidation.
The mutations in ISDR also have been reported to
correlate with development of hepatocellular carcinoma'™,
The role of the C-terminal part of E2 in the development
of hepatocellular carcinoma is needed to be future studied.
In conclusion, N-terminal variable region in the
C-terminal part of E2 correlates with both response to
IFN therapy and viral load, and it is one of the factors
independently associated with small viral load.
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