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Fig. 1. Clinical course of hepatitis C patients. Changes in HCV RNA titer (broken line with
open square), ALT level (black line with open circle) and HCV antibodies (— or +) for each
patient. Numbers /—3 in open circles indicate DNA sequencing points. In acute patients A
and B, time point 1 represents onset by transfusion. In chronic patients C and D, time point
1 represents first medical examination. In patient E, time point 1 represents five months after
first medical examination. Acute: acute HCV infection; CH: chronic HCV infection

were quantified using competitive PCR éssay [30]in which cloned DNA (with a 15-bp deletion
in the middle portion) used as a competitor [29].

Nucleotide sequence analysis in EI/E2 region

Nucleotide sequences for the E1/E2 region were analyzed according to direct DNA sequencing
methods for PCR products using A exonuclease (Gibco-BRL, Rockville, MD). HCV genome
was extracted using AGPC methods {4], then amplified by reverse transcriptase and nested-
PCR from serum for overlapping regions using two sets of primer pairs. PCR primers and
amplified regions utilized for each patient are listed in Table 2. The second PCR product
which was amplified by 5’-phosphorylated primer. PCR products were purified by 3% Nusieve
3:1 agarose gel electrophoresis (FMC BioProducts, Rockland, ME). One to four units of A
exonuclease was added to purified PCR products, including 67 mM glycine-KOH (pH 9.4)
and 2.5 mM MgCls, and incubated at 37 °C for 1 h to form single-stranded DNA. Reaction
mixtures were precipitated with ethanol and dried for DNA sequencing. Aliquoted DNA
fragments were used for identification of nucleotide sequences in the E1/E2 region [27]. Nu-
cleotide sequences of the E1/E2 region were determined for all five patients during disease pro-
gression. Characterization of nucleotide sequences and phylogenetic analyses of HVR-1 were
performed using GENETYX version 10 software (Software Development, Tokyo, Japan). The
phylogenetic tree for HVR-1 was constructed using the neighbor-joining (NJ) method [26].
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Table 2. List of primer sequences for PCR of the HCV genome

Patients (Point™) Primer
[nt no.**} name sequence
A(l,3) 1% sense; (a) 5/ - TGGGCAGGATGGCTCCTGTCN-3/
[618-1265] 1% anti-sense; (b) 5/ - PAGATTGAGCAATTGCAATCTTGN-3’

21 gense; (c) 5 -CCGETTGCTCTTTCTCTATCTTN-3'
[848-1265] 2nd anti-sense; (b) 5’ - TAGATTGAGCAATTCCAATCTTGN-3’
A@2),B 1% sense; (a) 5/ -TGGGCAGGATCGCTCCTGTCN-3/
[618-1385] 1%* anii-sense; (d) 5/ -GCCACCATGTCCACGACAGCTTGGTGG-3/

27 sense; (e) 5 - TGGTAAGGTCATCGATACCCTCACN-3’
[697-1365] 2n anti-sense; (f) 5 _TTGTGGGATCCGGAGTAACTGCGACAC-3'
A, C 1 sense; (a) 5/ - TGGGCAGGATGGCTCCTGTCN~ 3/
[618-1385] 1%t anti-sense; (d) 5/ -GCCACCATGTCCACGACAGCTTGGTGG-3’

2% sense; (c) 5/-CCGGTTGCTCTTTCTCTATCTTN-3/
[848-1365] 204 anti-sense; (f) 5/ - TTGTGGCATCCGGAGTAACTGCGACAC-3/
D-2a, E 1% sense; (a) 5/ - PGGGCAGGATGCGCTCCTGTCN-3'
[618-1387] 1% anti-sense; (p) 5'-CTAATGATGTCTATGATGACCTCGGGAACG-3’

’ 2™ sense; (c) 5/ -CCGGTTGCTCTTTCTCTATCTTN -3

{848-1357] 274 anti-sense; (q) 5/ -CGCATCACGTACGCCAGAATCATGG-3’
D-1b 1%t sense; (h) 5 - ATGGCTTCCGATATGATGATGAACTGGTC -3’
[1290-1867] 1% anti-sense; (i) 5/ -TGAAACAATACACTGGACCACACAC-3’

27 sense; (j) 5/~ ATTCCATGGTCGCGAACTGGGCTAA-3'
[1424-1813] 2 anti-sense; (k) 5 -TAGGTGCGTAGTGCCAGCAATAAGG-3’
B 1%t sense; (1) 5/ -CAAGATTGCAATTGCTCAATCTAN-3’
[1243-1887] 1% anti-sense; (m) 5/ - ACTACAACAGGGCTCGCAGTGAAN-3’

© 2M sense; (n) 5/ - ATGGCTTGGGATATGATGATGAACTGGTCN-3’

[1291-1867] 284 anti-sense; (o) 5/ -TGAAGCAATACACTGGACCACACACN-3’
D-2a 1%t sense; (1) 5/ -CAAGATTGCAATTGCTCAATCTAN-3’
[1243-1887] 1%t anti-sense; (m) 5 - ACTACAACAGGGCTCGGAGTGAAN-3/

27 sense; (1) 5/ -CAAGATTGCAATTGCTCAATCTAN-3’
[1243-1867] 20 anti-sense; (0) 5/ -TGAAGCAATACACTCGACCACACACN-3’
A,CE 1%t sense; (1) 5 -CAAGATTGCAATTGCTCAATCTAN -3/
[1243-1867] 1%t anti-sense; (i) 5 - TGAAACAATACACTGGACCACACAC-3’

2% sense; (1) 5/ - CAAGATTGCAATTGCTCAATCTAN-3'
[1243-1813] 27 anti-sense; (k) 5/ -TAGGTGCGTAGTGCCAGCAATAAGG-3’

*Point, point of analysis; **nt no., nucleotide number on HC-R6, accession no. AY045702

Protein structure and amino acid substitution speed analyses in E1/E2 region

The a.a. sequence of the E1/E2 region was deduced from corresponding nucleotide sequences
for all five patients. Protein structural analyses (hydrophobic profile, antigenic index and
surface probability) were performed using MacVector sequence analysis software (Inter-
national Biotechnologies, New Haven, CT). Protein secondary structure (Chou-Fas) was
determined using GENETYX version 10 software (Software Development). Amino acid
substitution speed was analyzed for HVR-1 (27 a.a.), HVR-2 (7 or 9 a.a.), another region of
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Table 3. Reactivities of patient sera to HVR-1 peptides

HVR peptide

Point: 1 2 3
Patient C
Serum:
1 _ — —
Point: 2 - - -
3 — — —
Patient E
Serum: .
1 + + +
Point: 2 + + +
3 + + +
Patient HVR-1 peptide sequences
point
C-1 HTHVIGGAQTQTTGSFASLFTPGASQK
C-2 RTHVIGGVQTQTTGSLASLFTPGASQK
C-3 RTHVTGGVQSRTTGSLVSLFTPGASQK
E-1 STHTIGGCTARSAAGFTRLFTQGARQON
E-2 STHTIGGSTARSAAGFTRLFTQGARQN
E-3 STHTVGGSTARSAAGFTKLETRGAHON

E2 (between HVR-1 and HVR-2; 63 a.a.) and E1 as the monthly rate of a.a. substitutions per
site (%) between each point during disease progression (points 1-3; Fig. 1).

Test of host immune response to HVR-1 peptide

Synthetic peptides of HVR-1 for patients C and E were synthesized for each point in the
clinical course (points 1-3; Fig. 1, Table 3). Peptides were tested using ELISA to characterize
host immune responses to HVR-1 during chronic infection.

Results

Characterization of HCV-RNA, anti-HCV antibody and ALT
levels in acute and chronic infection of hepatitis C virus

To clarify the mechanisms of genetic variation during persistent HCV infection, 5
patients were retrospectively analyzed (Table 1, Fig. 1). Patients A and B displayed
acute infection with HCV genotype 1b, with progression from first phase of acute
infection to chronic infection, and persistent viremia (Fig. 1). In the first phase of
acute infection, antibody to HCV became positive (after point 1; Fig. 1). In patient
A, HCV-RNA and ALT levels in serum decreased immediately after infection
(point 1 to 2; Fig. 1), then elevated in the second phase of acute infection (point 2 to
3; Fig. 1). In patient B, HCV-RNA and ALT levels in serum decreased immediately
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after infection, with an elevation of HCV-RNA levels occurring only in the second
phase of acute infection (point2 to 3; Fig. 1). Patients C, D and E displayed chronic
hepatitis and persistent infection of HCV. Patient C was infected with genotype
1b, Patient E was infected with genotype 2a, and Patient D displayed co-infection
with genotypes 1b and 2a (Table 1). In Figure 1, quantity of HCV-RNA in patient D
indicates combined total RNA for both genotypes. These three patients displayed
continuously high levels of ALT for more than six months after first medical
examination and did not display marked changes in HCV-RNA levels (points
1-3; Fig. 1). A peak in ALT value was detected between points 2 and 3 for patients
C and D, while elevation of ALT values was detected between points 2 and 3 for
patient E.

Nucleotide sequence variation and patient-specific nucleotide
sequence in E1/E2 region during clinical course of hepatitis C

To clarify the predominant sequence of E1/E2 region during progression of hepati-
tis C, 5 patients (2 patients with acute hepatitis, 3 patients with chronic hepatitis)
were retrospectively selected and sequences (nucleotides 620 ~ 1867; Table 2)
from the sera of these patients were analyzed at three points (points 1-3; Fig. 1)
using direct DNA sequencing methods as described. Analyzed HCV DNA se-
quences of the E1/E2 region for each patient were registered to Genbank (accession
numbers AB107929-AB107949). Alignment of nucleotide sequences on one-
third of the E2 region (nucleotide 1492 ~ 1785) is indicated in Fig. 2. Sequences
categorized as patient-specific conserved nucleotide sequences displayed the fol-
lowing characteristics: 1) identical nucleotide sequences at each of the three points;
2) sequences that are not conserved within the same genotypes (Fig. 2A). Consis-
tent with previous results [29], numerous nucleotide sequence variations in HVR-
1 and 2 were identified in these HCV isolates from acute and chronic infection
patients. However, patient-specific conserved nucleotide sequences were observed
in this E2 region even within HVR-1 and -2 for each patient (boxed region;
Fig. 2A). In the E1 region, patient-specific conserved nucleotide sequences were
also observed in the five patients (data not shown).

Sequences categorized as substituted nucleotide sequences displayed (Fig. 2B).
Substituted nucleotide sequences were present in this E1/E2 region for all 5
patients during the clinical course of infection.

Amino acid sequence variations in the EI/E2 protein region
during the clinical course of hepatitis C

Deduced amino acid sequences of the E1/E2 region (a.a. 192 ~480) were com-
pared in 5 patients (2 acute patients, 3 chronic patients) at points 1-3 (Fig. 3).
Sequences categorized as patient-specific amino acid sequences displayed the
same characteristics as those of patient-specific nucleotide sequences. Variations
in a.a. sequence were particularly concentrated in HVR-1 and -2 for HCV genotype
1bisolates (patients A-C and 1b isolate from patient D; Fig. 3) and in HVR-1 alone
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for HCV genotype 2a isolates (patient E and 2a isolate from patient D; Fig. 3)
during the clinical course of infection. Although patient-specific conserved amino
acid sequences were present in this E1/E2 region for all 5 patients during the
clinical course of infection, the impact was not as strong as that of patient-specific
conserved nucleotide sequences (Fig. 2).
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Fig. 2. Predominant nucleotide sequence comparison between each sequence from HCV
patients at points 1-3. Region including nucleotides 1492-1785, including HVRs, was
compared. A Patient-specific conserved sequences are enclosed in boxes. Each sequence
column number indicates DNA sequencing point for each patient. Dash (-) indicates the
same nucleotide as the first column sequence for each patient. Slash (/) indicates nucleotide
deletion point. Column marked with a black box on the right side indicates HCV genotype 1b
isolate. Column marked with a hatched box indicates HCV genotype 2a isolate. B Sequences
categorized as substituted nucleotide sequences displayed
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Fig. 3. Comparison of predicted amino acid sequences between each dominant HCV isolate

from patients at points 1-3. E1/E2 protein sequences of HCV (a.a. 192-480) were compared.

Sequence column number indicates DNA sequencing point for each patient. Patient-specific

conserved sequences are enclosed in boxes. Dash () indicates the same a.a. residue as the

first column sequence for each patient. Slash (/) indicates a.a. deletion point. Column marked

with a black box on the right side indicates HCV genotype 1b isolate. Column marked with
a hatched box indicates HCV genotype 2a isolate
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In genotype 2a isolates from patient D (D-2a; Fig. 3), one a.a. deletion was
identified in HVR-1 (residue 398, presented as a slash in Fig. 3). In genotype 2a
isolates (patients D and E), two additional a.a.s in HVR-2 were noted, as reported
elsewhere [21]. The deduced amino acid sequence of the E1 region (corresponding
to a.a. 192 ~380) in genotype 1b isolates from patient D (D-1b; Fig. 3) could not
be amplified by PCR at any time point (points 1-3; Figs. 1, 3).

Amino acid substitution speed in EI/E2 protein region and phylogenetic
analysis of HVR-1 during progression of hepatitis C

To elucidate status of the HCV genome during infection, a.a. substitution speed
between each point (point 1 to 2 and point 2 to 3; Fig. 1) was calculated as

B ® to® period 0 @ to ® period

A (Acute), Type 1b B (Acute), type 1b C (CH), type 1b

ol A :
HVR-1 HVR-2 = others HVR-1 HVR-2 others HVR-1 HVR-2 others
Genome Region Genome Region Genome Region
D (CH), type 1b D (CH), type 2a E (CH), type 2a
154 15
10+ 10

|

Genome Region Genome Region Genome Region

Fig. 4. Amino acid substitution speed in EI1/E2 protein within HVR-1, HVR-2 and other

regions. Amino acid substitution speed from DNA sequencing points [ to 2 is indicated by

black bars, and speed from points 2 to 3 is indicated by white bars. Regions HVR-1, HVR-2

and others represent a.a. 384-410, 474-480, and 411-473, respectively. Acute: acute HCV
infection; CH: chronic HCV infection
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the monthly rate of a.a. substitutions within each region (%; Fig. 4). In the
first phase of acute infection (point 1 to 2), a.a. substitution speed in HVR-1
and HVR-2 was significantly faster than in the any other region of El and
E2 in patients A and B (11.1% and 10.2% for HVR-1; 4.8% and 14.3% for
HVR-2, respectively). In the second phase (point 2 to 3) of acute infection,
a.a. substitution speed in HVR-1 and HVR-2 was slower than the first phase
of acute infection in patients A and B (0% and 0.9% for HVR-1; 0% and 1.8%
for HVR-2; 0.5% and 0% for other regions, respectively). In contrast, a.a. sub-
stitution speed in chronic patients was 0% in HVR-2 and below 0.5% in other
regions (patients C-E; Fig. 4). Amino acid substitution speed in HVR-1 was
fast during chronic HCV infection of ALT or when virus RNA levels underwent
substantial transitions (patients C-E; Figs. 1, 4). In phylogenic tree analysis of
HVR-1, sequence diversity of HVR-1 in the first phase of acute infection was
phylogenetically distant from the original sequence (patients A and B), and the
phylogenic tree of HVR-1 displayed clusters for each of the five patients (data not
shown).
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Fig. 5. Structural analysis of E1/E2 protein during HCV infection. Hydrophilicity profiles

and antigenic indices of E1/E2 protein as predicted from direct DNA sequencing data were

compared between points 1-3 for patients A and C. A Hydrophilicity profile. B Antigenic
index. The presented region for HCV E1/E2 corresponds to a.a. 192480
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Comparison of protein characteristics for HVR-1 and -2
in the E1/E2 region

To examine the possibility that structural variation was generated in the E1/E2
region (a.a. 192 ~480) during disease progression in all five patients (Table 1),
hydrophilicity, surface probability and antigenic indices were calculated from de-
duced a.a. sequences at each point. Figure 5 indicates the results of hydrophilicity
(Fig. 5A) and antigenic index analyses (Fig. 5B) in patients A (acute infection) and
C (chronic infection). These structural profiles displayed no significant changes
during disease progression in patients A and C. The results of surface probabil-
ity analysis in patients A and C likewise remained basically unchanged during
disease progression. These three structural profiles demonstrate no significant
changes in E1/E2 protein during the progression of HCV infection. Likewise, the
remaining 3 patients (1 acute infection, 2 chronic infections; Table 1) displayed
no significant changes in E1/E2 protein during disease progression. Moreover,
the predicted secondary structure (chou-Fas) did not show any drastic changes
between time points in any of the five patients (data not shown). Although some
a.a. substitutions were observed in the E1/E2 region during disease progression
in each patient, the major a.a. structure seems likely to have remained conserved
in each case.

Humoral immune responses to each synthetic peptide from HVR-1

Synthetic HVR-1 peptides from chronic patients C and E were tested to charac-
terize host immune responses during progression points using ELISA (points 1,
2,and 3; Fig. 1, Table 3). Patient C did not display antibody-positives against their
own 3 HVR-1 peptides (C-1, C-2, C-3; Table 3) at any time point. In contrast,
patient E displayed antibody-positives against their own 3 HVR-1 peptides (E-1,
E-2, E-3; Table 3) at every time point (Table 3).

Discussion

The present study characterized nucleotide sequences of the E1/E2 protein
region during clinical course from sera of 2 patients with acute HCV infec-
tion and 3 patients with chronic HCV infection using direct DNA sequencing
methods. Furthermore, amino acid sequences and protein structures of the
El/E2 protein region (a.a. 192~480) were deduced during disease
progression.

Nucleotide sequence variation in the E1/E2 region was mainly observed in
HVR-1 and -2 for the 2 acute phase patients, and in only HVR-1 for the 3 chronic
phase patients during clinical course. In the E1 protein region, a.a. substitution
speed was below 0.69% in all five patients (2 acute patients, 3 chronic patients).
This result indicates the possibility that E1 and HVR-2 may not be involved in
escape mutation for chronic infection.

Previous reports have suggested that HVR-1 could serve as a target for neu-
tralization of antibody and generation of escape mutants from humoral immune
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responses, potentially contributing to the establishment of persistent HCV in-
fection [14, 16, 20]. In our experiment, host immune responses to HVR-1 pep-
tide during the course of chronic infection differed substantially between 2
patients (Table 3). For patient C, no antibody responses against 3 HVR-1 peptides
(C-1, C-2 and C-3; Table 3) were observed at any time point. These data sug-
gest two possible explanations. One is that antibodies were not produced in
these stages, while the other is that the positions of C-1, C-2 and C-3 pep-
tides might not be included in linear epitopes, instead being included in con-
formational epitopes. Patient E displayed a consensus sequence in each HVR-1
peptide (peptide sequence, TARSAAGEFT;, Table 3). For this reason, sera from
patient E might react positively for E-1, E-2 and E-3 peptides at each time
point. These results indicate the possibility that HVR-1 might not represent a
significant epitope region for neutralization of HCV escape mutants in some
cases.

Our results indicate the existence of patient-specific conserved nucleotide
sequences in the E1/E2 region during clinical course of all HCV patients (Fig. 2).
This finding may be useful for identifying HCV vertical transmission and other
infection pathways. Furthermore, the existence of these patient-specific nucleotide
sequences indicate the possible adaptation of the virus in patients and escape
from the host immune surveillance systems in the early phase of HCV
infection.

Rate of amino acid substitution speed between each point (point 1 to 2 and
point 2 to 3; Fig. 1) during clinical course was calculated as the monthly rate of
a.a. substitutions per site (%; Fig. 4). The data indicate that high a.a. substitution
speed in HVR-1 and -2 was present in the first phase of acute infection, and that
a.a. substitution speed in HVR-1 was elevated in chronic patients during major
transitions in viral RNA or ALT levels. This phenomenon should support the
understanding of HCV adaptation to host immune pressures and the establishment
of persistent HCV infection.

The acute and secondary structures of the E1/E2 protein region (a.a. 192 ~ 380)
from patients with hepatitis C displayed no significant change during clinical
course. This observation suggests that HCV clones in hepatitis C patients may
conserve a E1/E2 protein structure during persistent infection.

In conclusion, our observations suggest that the rapid substitution of amino
acid sequences in the first phase of acute phase of infection may be involved the
HCYV adaptation to host immune pressures and the development of persistent HCV
infection.
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