
Extensive studies have been carried out in the past-
decade in order to find immunodominant HCV-pep-
tides, and there are many peptides capable of inducing
cellular immune responses (4, 15, 19, 23, 25).  None of
them, however, are clinically effective.  Subsequently,
there is no immunization yet available, neither prophy-
lactic nor therapeutic (7, 12).  This could be, in part,
due to either the weak immunogenicity of these previ-
ously reported peptides or insufficient studies regarding
them.  Although interferon and other reagents are effec-
tive for eliminating HCV in certain patients, they are
too expensive for the majority of HCV� patients in most
countries.  Subsequently, there is an urgent need to
determine immunodominant peptides useful for the
development of effective and low-priced vaccines.  In
addition, there is also a need to develop a simple and
low-priced diagnostic tool for HCV since the currently

available kit is also expensive for the majority of people
who are not living in developed countries.  We previ-
ously reported that some CTL-directed peptides derived
from non-mutated self-antigens were recognized by
humoral immune response in both healthy subjects and
cancer patients without apparent HLA-restriction (10,
16, 17, 21).  Elevated levels of IgG to those CTL-epi-
tope peptides by peptide vaccination showed a close
correlation with long-term survival in vaccinated can-
cer patients (16, 21), whereas the class of IgG to those
peptides was either lacking or unbalanced in atopic der-
matitis patients (14), suggesting their positive role in
host defense.  In addition, there is strong evidence that
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both cellular and humoral immune responses play a
major role in the control of HCV infection (9, 12, 25).
We then hypothesized that HCV-peptides recognized by
both cellular and humoral immunities were more
immunogenic than those recognized by either immunity
alone, and thus are applicable for the development of
both new treatment and diagnosis modalities for HCV
infection.  This study reports one such peptide, an HCV
core peptide at positions 35–44, to which high levels of
IgG are detectable in a majority of HCV-infected indi-
viduals without apparent HLA-A restriction.  These
results may provide a new insight useful in the develop-
ment of both therapeutic and diagnostic modalities for
HCV infection.

Materials and Methods

Subjects. The Institutional Ethical Review Board of
Kurume University approved this study protocol, and
informed written consent was obtained from all the sub-
jects from whom sera and peripheral blood mononu-
clear cells (PBMCs) were taken in this study.  Twelve
HCV� patients were seropositive for anti-HCV antibod-
ies (Abs) as determined by second- or third-generation
immunoassay test.  Diagnoses of these patients deter-

mined by biochemical and histological findings, ultra-
sound-sonography, and computed tomography were
chronic hepatitis (CH, n�5), liver cirrhosis (LC, n�4),
and hepatocellular carcinoma (HCC, n�3) at the first
time of serum samplings.  As negative controls, sera
from 10 HDs with no history of either viral hepatitis or
vaccination of HBV, and normal liver function were
tested in this study.

Peptide and measurement of peptide-reactive Ab.
We used 18 different kinds of synthetic peptides having
HLA-A2 binding motifs (20) from well-conserved
regions of HCV-genotype 1b proteins (Table 1).  An
HIV derived-peptide with HLA-A2 binding motif as the
negative control (11) and 15 10-mer peptides possessing
overlap sequences spanning HCV core 27–50 (Fig. 3B)
were also used.  These peptides were purchased from
BIO SYNTHESIS (Lewisville, Tex., U.S.A.) or SynPep
(Dublin, Calif., U.S.A).  The desalted grade of the
materials was used for the screening of peptides reactive
to serum IgG or �90% purified materials for further
studies as assessed by reverse-phase high-pressure liquid
chromatography analyses.  Serum levels of peptide-spe-
cific IgG were measured by means of an enzyme-linked
immunosorbent assay (ELISA) employing a method
previously reported (18).  In brief, each peptide was
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Table 1. HCV-derived peptides used in this study and serum reactivitya)

Serum reactivity
Peptides

HCV patients HDs
Number Region Sequence (n�12) (n�10)

1 C 35–44 YLLPRRGPRL 11 0
2 C 132–140 DLMGYIPLV 0 0
3 C 150–158 ALAHGVRAL 0 1
4 C 168–176 NLPGCSFSI 0 1
5 C 178–187 LLALLSCLTV 1 0
6 E1 220–229 ILHTPGCV 3 0
7 E2 363–372 SMVGNWAKV 0 0
8 E2 401–411 SLLAPGAKQNV 0 3
9 NS3 1073–1081 CINGVCWTV 0 0

10 NS3 1169–1178 LLCPAGINAV 1 2
11 NS3 1287–1296 KLVALGINAV 1 0
12 NS3 1406–1505 TGAPVTYSTY 1 0
13 NS4B 1789–1797 SLMAFTAAV 0 0
14 NS4B 1807–1816 LLFNILGGWV 0 0
15 NS4B 1851–1859 ILAGYGAGV 0 1
16 NS5A 2252–2260 ILDSFDPLV 0 0
17 NS5B 2692–2701 RLIVFPDLGV 1 0
18 NS5B 2727–2785 GLQDCTMLV 2 1

a) We used 18 peptides containing HLA-A2 binding motifs that were previously
shown to represent target epitopes of HLA-A2-restricted CTL responses directed to
HCV antigens. We measured the levels of peptide-specific IgG in the sera of 12
patients with HCV-1b infection and 10 healthy donors (HDs). The cut-off value for
this anti-HCV core 35–44 peptide at a serum dilution of 1:100 was determined as
0.18 (the mean �0.03� plus 3SD �0.05 times 3� of 10HDs). Abbreviations: C,
core; E, envelope; NS, non-structure.



dissolved in dimethylsulfoxide (DMSO) and then
stored at �20 C. Peptides (20 µg/well) diluted with 0.1
M carbonate buffer containing a chemical cross-linker,
disuccinimidyl suberate (DSS) (PIERCE, Rockford, Ill.,
U.S.A.), were bound to the ELISA plate.  The wells
were rinsed three times with 0.05% Tween 20-PBS
(PBST).  The plates were blocked overnight at 4 C with
Block Ace (Yukijirushi, Tokyo).  Plasma or serum sam-
ples were diluted at 1:100, 1:200, and 1:400 with 0.05%
Tween 20-Block Ace, and 100 µl/well of samples was
added to each well.  After incubation at 37 C for 2 hr,
the plates were washed with PBST three times and
incubated at 37 C for 2 hr with 100 µl/well of 1:1,000-
diluted rabbit anti-human IgG (γ-chain-specific) (DAKO,
Glostrup, Denmark).  After washing three times, 100
µl/well of 1:100-diluted anti-rabbit IgG-conjugated
horseradish peroxidase-dextran polymer (EnVision,
DAKO) was added to each well, and the plates were
incubated at room temperature for 40 min.  After wash-
ing, 100 µl/well of tetramethylbenzidine substrate solu-
tion (KPL, Guildford, U.K.) was added, and the reaction
was stopped by the addition of 1.0 M of phosphoric
acid.  Cut-off values were calculated as the mean�3SD
of optical density (OD) of sera from HDs taken as a
negative control, and it was 0.18 for the screening assay
and 0.2 for the fine epitope analysis with desalted pep-
tides, or 0.093 with peptides of �90% purity.

Absorption and elution of peptide-reactive IgG. To
test the specificity of anti-peptide IgG in the serum
samples, 100 µl/well of serum samples (1:100 dilution
with 0.05% Tween 20-Block Ace) was absorbed by
immobilized peptides (20 µg/well) in wells of the plate
for 2 hr at 37 C. The same procedure was repeated three
times, and the levels of peptide-specific IgG in the
supernatant were measured by ELISA.  For an elution
test, Abs bound to the peptide-immobilized plates by
the first absorption were eluted by 30 µl/well of 0.5 M

NaCl/50 mM citrate buffer (pH 3.0), neutralized by 1.0
M Tris-HCl (pH 7.5) with 0.05% Tween 20-Block Ace,
and the levels of peptide-specific IgG in the eluted frac-
tion were measured by ELISA.

Assay for peptide-specific CTLs. The method used
for the detection of peptide-specific CTLs has been
reported elsewhere (11, 13).  In brief, PBMCs (1�105

cells/well) were cultured with 10 µM of each peptide
(quadricate) in wells of a U-bottom-type 96-well micro-
culture plate (Nunc, Roskilde, Denmark) in 200 µl of
culture medium.  The medium consisted of 45% RPMI-
1640 (Invitrogen, Carlsbad, Calif., U.S.A.), 45% AIM-V
(Invitrogen), 10% FCS, 100 U/ml of IL-2 (Shionogi,
Osaka, Japan), and 0.1 mM MEM non-essential amino
acid solution (Invitrogen).  On days 3, 6, and 9, half of
the medium was removed and replaced with new medi-

um containing the corresponding peptide (20 µg/ml).
On day 12 of the culture, cells of each of the quadricate
cultures were divided and placed into four wells and
tested for their ability to produce IFN-γ in response to
T2 cells pre-loaded with either a corresponding peptide
or an HIV-peptide as a negative control in duplicate
assays.  The background IFN-γ production in response to
the HIV peptide (�50 ng/ml) was subtracted from the
values given in the data.  The CD8� cells were positively
purified using the CD8 Isolation Kit (DYNAL, Oslo,
Norway) in certain experiments.  For the inhibition test,
20 µg/ml of anti-HLA class I (W6/32, IgG2a), anti-
CD8 (Nu-Ts/c, IgG2a), anti-CD4 (Nu-Th/i, IgG1b),
anti-HLA-class II (H-DR-1, IgG2a), and anti-CD14
(H14, IgG2a, as an irrelevant control) monoclonal anti-
bodies (mAbs) were used as reported previously (11).

Statistics. Statistical analyses were performed using
Student’s t-test, Mann-Whitney U test, and the χ2 test.
Values of P�0.05 were considered statistically signifi-
cant.

Results

Detection of Humoral Response to HCV-Peptides
We measured the levels of IgG reactive to each of 18

peptides in the sera of 12 patients with HCV-1b infec-
tion and 10 HDs.  These subjects included both HLA-
A2� and -A2�. The cut-off value for this anti-HCV core
35–44 at a serum dilution of 1:100 was determined as
0.18 (the mean �0.03� plus 3SD �0.05 times 3� of
10HDs).  Significant levels (�0.18 OD at a serum dilu-
tion of 1:100) of IgG reactive to HCV core 35–44 were
detected in the sera from all patients except for one
case, but were not detected at all from any of the HDs
tested.  The ELISA results are shown in Fig. 1.  In con-
trast, significant levels of IgG reactive to the remaining
17 peptides were scarcely detected or undetectable in
the patients (Fig. 1) or HDs (data not shown), respec-
tively.  Therefore, the HCV core 35–44 peptide and the
other control peptides with �90% purity were used in
the following experiments.  The peptide specificity of
the IgG reactive to HCV core 35–44 was confirmed by
absorption and elution tests.  As expected, anti-HCV
core 35–44 Ab was absorbed by the corresponding pep-
tide, but not by an irrelevant peptide (HCV NS5A
2252–60), and it was further eluted from the corre-
sponding peptide, but not by an irrelevant peptide,
bound fraction (Fig. 2).

A fine epitope of the HCV core 35–44 peptide recog-
nized by the patients’ sera was further analyzed using 15
decamer peptides possessing overlap sequences span-
ning HCV core 27–50.  The reactivity of the patients’
IgG to the overlapping peptides was examined and the
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representative results and summary of the data of 5
patients’ sera are shown in Fig. 3A and Table 2, respec-
tively.  Seven peptides spanning HCV core 31–46
expressed positive reactivity in a majority of the cases.
The common overlapping sequence of these seven pep-
tides is LPRR at position 37–40 of the HCV core pro-
tein.  Thus, this sequence, LPRR, is considered to be
the fine epitope of HCV core 35–44 peptide recognized
by the patients’ IgG.  The reactivity of the IgG to 4-mer
and 7-mer peptides containing LPRR with/without N- or
C-terminal GGG spacer sequences was further analyzed
(Fig. 3B).  The patients’ IgG reacted with the native
sequence decamer peptides containing LPRR.  In con-
trast, the IgG could not bind to the 4-mer or 7-mer pep-
tides.  These results, together with the highest reactivity
of the 35–44 peptide, suggest that three-dimensional
conformation affected by the nested sequences might be
important for the recognition of LPRR sequence by the
IgG.

Induction of Peptide-Specific Cellular Response
PBMCs from HLA-A2� patients with HCV infection

(n�5) and HLA-A2� HDs without HCV infection
(n�9) were cultured with each of the 18 peptides
(�90% purity) or a control HIV-peptide for 12 days,

and were examined for their IFN-γ production in
response to the corresponding peptide-pulsed T2 cells.
The HCV core peptides at positions 35–44, 132–140
and 178–187, and NS3 peptide at position 1287–1296
induced significant levels (P�0.05 and net value �100
pg/ml) of IFN-γ from two, four, one, and one of five
patients, respectively.  In contrast, none of the peptides
induced significant levels of IFN-γ in the HDs.  Repre-
sentative results of each of five cases whose PBMCs
showed positive IFN-γ production in response to at least
one peptide and a HD are given in Fig. 4A.  Levels of
IFN-γ produced by these PBMCs were significantly
inhibited by anti-class I (W6/32) or anti-CD8 mAb, but
not by any of the other mAbs tested (Fig. 4B).  These
results suggest that this cellular response was largely
mediated by CD8�, but not CD4� T cells in an HLA-
class I-restricted manner.

The cytotoxicity of these peptide-stimulated PBMCs
was confirmed by a 6 hr 51Cr-release assay, and the rep-
resentative results of the cytotoxicity to T2 cells pulsed
with each of the three HCV core peptides are shown in
Fig. 4C.  These PBMCs showed significant levels of
cytotoxicity against the T2 cells that were pre-loaded
with a corresponding peptide, but not with an HIV pep-
tide, taken as the negative control.  Further, the HLA
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Fig. 1. Detection of anti-peptide IgG. Optical density (OD) values of each sample were assessed in serially diluted serum samples in
order to estimate peptide-reactive IgG levels by ELISA. Representative results of 12 HCV� patients are shown.



restriction and specificity of the CTL activity was con-
firmed by the inhibition assay.  Specifically, the cytotox-
icity against T2 cells pulsed with HCV core 35–44 pep-
tide was inhibited by anti-HLA-class I (W6/32) or CD8
mAb, but not by any of the other mAbs tested, indicat-
ing that the peptide-specific cytotoxicity was largely
mediated by CD8� T cells in an HLA-class I-restricted
manner (Fig. 4D).  These results suggest that the HCV
core peptides at positions 35–44 and 132–140 are suit-
able candidates for use as a prophylactic as well as ther-
apeutic vaccine for HLA-A2� patients with HCV-related
diseases.

Discussion

HCV infection is a serious worldwide health prob-
lem, approximately 170 million people in the world are
persistently infected with HCV and have a high risk of
LC and HCC at later stages.  Most of them do not live in

developed countries, and thus have a rare chance of
receiving either diagnosis or treatment.  One solution
will come, in part, from introducing an economical
approach.  The presently available modalities, such 
as IFN as a therapeutic agent and a third generation 
of enzyme/radio immunoassay (EIA-3/RIA-3) as a
diagnostic tool, are too expensive for a majority of the
infected individuals who are not living in well-devel-
oped countries.  Therefore, development of both new
diagnostic and therapeutic modalities with lower prices
will increase the chance of these infected subjects to
receive diagnosis and treatment.  One way to achieve
these goals would be to determine highly immunodomi-
nant HCV-peptides recognized by both cellular and
humoral immunities, and provide them for the develop-
ment of new therapeutic and diagnostic modalities (8,
25).  Our results indicated that one peptide (HCV core at
position 35–44) among the 18 kinds of peptides tested
was recognized for more than 90% of the patients with
HCV infection.  This epitope peptide has already been
reported as being capable of inducing HLA-A2-restrict-
ed CTLs (1, 6, 23–25).  Therefore, our results along
with those results, suggest that this core 35–44 peptide
is a suitable candidate for prophylactic and therapeutic
vaccines to treat HLA-A2� patients with HCV-related
diseases.

Our results show that significant levels of IgG specif-
ic to the HCV core 35–44 peptide were detectable in a
majority of the HCV-infected individuals without HLA-
A2 restriction.  It is well known that serologically high-
er immunogenicity is located at the N-terminal of the
HCV core protein (2, 5, 8, 22).  Therefore, this region,
at position 10–55, was used as one of the three key anti-
gens for the third generation of EIA/RIA.  Leucine, at
position 36, and arginine or leucine, at positions 43 or
44, may be aggretopes for binding to HLA-A2 mole-
cules (9, 20).  This assumption is supported by the
results from the fine epitope analysis of the HCV core
35–44 peptide using overlapping peptides.  Namely, the
common sequence of the overlapping peptides recog-
nized by the patients’ sera is LPRR, at position 37–40 of
the HCV core protein.  The results of this study, along
with those of previous reports (1, 3, 6, 8, 20, 23–25),
clearly indicate that the sequence at position 37–40 is
one of the most immunodominant regions among the
N-terminal of the HCV core protein recognized by both
cellular and humoral immunities.

There is no apparent HLA-A2 restriction for the
existence of anti-HCV core 35–44 peptide-reactive Ab,
and the detailed mechanisms involved in this phenome-
non are unclear at the present time.  We also previously
reported the existence of IgG reactive to certain CTL-
epitope peptides derived from non-mutated self-anti-
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Fig. 2. Specificity of anti-peptide IgG. Each serum sample was
absorbed, with either HCV core 35–44 peptide or an irrelevant
(HCV NS5A 2252–2260) peptide used as the negative control,
three times at 37 C followed by peptide-specific IgG ELISA.
For the elution test, IgG molecules bound to the peptide-immo-
bilized plates by the first absorption were eluted by acid and
subjected for measurement of the levels of peptide-specific IgG
by ELISA. The representative results from the sera of Pts. 6 and
9 are shown in this figure. Values represent the mean�SD. *Val-
ues are differed from the no peptide or irrelevant controls,
P�0.05 by Student’s t-test.
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(A)

(B)

Fig. 3. Fine epitope analysis of HCV core 35–44 peptide recognized by patients’ IgG. A: Representative ELISA results of the reactivi-
ty of five patients’ sera (1:100 diluted) to 15 decamer peptides possessing overlapping sequences spanning HCV core 27–50. The cut-off
value in these experiments was 0.15. B: Reactivity of 1:100 diluted sera from the five patients and three healthy donors (HDs) to the
sequence LPRR containing peptides.



gens without apparent HLA-A2 restriction in both HDs
and cancer patients (10, 14, 16–18, 21).  One of the
explanations might be that the HCV core 35–44 pep-
tide is naturally processed by means of proteasomes,
and transported into ER with a chaperone in HCV-
infected cells.  The peptide might be loaded to HLA-A2
or other undefined HLA-class I molecules, if any, fol-
lowed by presentation on the cell surface as a HLA-
peptide complex in certain subjects.  In the remaining
subjects, the unloaded peptides might be directly secret-
ed from ER to outside the cells.  Alternatively, naturally
processed HCV core 35–44 might be directly secreted
from the cytoplasm to outside the cells via an undefined
pathway.  Further studies are needed to resolve this
issue.

The other important issue to be elucidated is the bio-
logical features of Abs to HCV core 35–44 peptide.
Increases in the IgG levels of the CTL-epitope peptides
of non-mutated self-peptides by peptide vaccination
showed a close correlation with long-term survival in
patients with advanced stages of lung cancer and gastric
cancer (10, 16, 17, 21), whereas the class of IgG to
these peptides was either lacking or unbalanced in
atopic dermatitis patients (14, 18), suggesting its posi-
tive role in host defense.  These peptide-specific Abs,
however, failed to react to the whole molecules of the
mother proteins.  Furthermore, they did not react to
tumor cells, and thus their biological features are not
clarified at the present time.  The reactivity of this pep-
tide-specific Ab to HCV core protein as well as its
activity to neutralize HCV remains to be answered in
the near future.

This peptide-reactive Ab was undetectable in the sera

of the following subjects: patients with autoimmune
diseases, subjects with HBV but not HCV infection,
HDs vaccinated with HBV recombinant protein, and
HDs without HBV vaccination, all taken as negative
controls (data not shown).  Based on these results, the
sensitivity and disease specificity of the anti-HCV core
35–44 IgG was calculated as 93.3 and 100%, respec-
tively.  This point could be one of the advantages as
compared to the reported peptide-based immunoassay
using HCV core 21–40 peptide, which has cross-reac-
tivity with HBV infection (8).  These results may pro-
vide new insight for the development of both therapeutic
and diagnostic modalities for HCV infection.

The sequence of the HCV core 35–44 peptide has
partial cross-reactivity to that of HIV and HTLV-I.
Specifically, the sequence of HCV core 39–43 is identi-
cal to that of the HIV envelope protein and to that of
HTLV-I rex protein 5–9 by database analysis.  The
sequence of HCV core 38–42 is also identical to that of
HIV at protein 54–58.  Therefore, we tested if anti-
HCV core 35–44 activity was detectable in the sera of
subjects with HIV infection (n�3) and HTLV-I infec-
tion (n�10), and it was detected in all three and eight of
ten subjects, respectively (Takao et al., unpublished
results).  This cross-reactivity, however, needs to be
carefully studied since the amount of samples available
for analysis was too small to both test the cross-infection
of HCV in these patients and the peptide specificity by
means of absorption and elution tests.  This study is
now in progress in our laboratory.

This study was supported in part by Grants-in-Aid from the
Ministry of Education, Culture, Sports, Science and Technology,
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Table 2. Sequences of the overlapping peptides and a summary of the reactivity

Peptide Ab reactivity

Region Sequence Pt.1 Pt.4 Pt.6 Pt.7 Pt.9

aa.27–36 GGQIVGGVYL � � � � �
aa.28–37 GQIVGGVYLL � � � � �
aa.29–38 QIVGGVYLLP � � � � �
aa.30–39 IVGGVYLLPR � � � � �
aa.31–40 VGGVYLLPRR � � � � �
aa.32–41 GGVYLLPRRG � � � � �
aa.33–42 GVYLLPRRGP � � � � �
aa.34–43 VYLLPRRGPR � � � � �
aa.35–44 YLLPRRGPRL � � � � �
aa.36–45 LLPRRGPRLG � � � � �
aa.37–46 LPRRGPRLGV � � � � �
aa.38–47 PRRGPRLGVR � � � � �
aa.39–48 RRGPRLGVRA � � � � �
aa.40–49 RGPRLGVRAT � � � � �
aa.41–50 GPRLGVRATR � � � � �

Sequences of the overlapping peptides and a summary of the reactivity of five patients’ sera are
summarized. Boxed sequence (LPRR) shows the fine epitope of HCV core 35–44 reactive IgG.
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(A)

(B)

Fig. 4.
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(C)

(D)

Fig. 4. Cellular responses to peptides. A: IFN-γ production. PBMCs from HLA-A2� HCV� patients (n�5) and
HDs (n�5) were stimulated with each of the 18 different peptides in four different wells (15�104/well). On cul-
ture day 14, the peptide-stimulated PBMCs (80–120�104/well) from each well were independently collected
and divided into four equal portions. Two portions were separately tested for their ability to produce IFN-γ in
response to T2 cells pulsed with a corresponding peptide, while the remaining two portions were tested using a
negative control peptide (HIV). Background IFN-γ production in response to the HIV peptide (�50 pg/ml) was
subtracted. The representative results of all five patients and of one HD whose PBMCs showed significant levels
of IFN-γ production in response to at least one HCV-peptide are shown. *P�0.05 by Student’s t-test. B: Ab-inhi-
bition of IFN-γ production. IFN-γ production of the peptide-stimulated PBMCs in response to the peptide-
pulsed T2 cells in the presence of the indicated mAbs. Anti-CD14 mAb served as negative controls. *P�0.05.
C: Cytotoxicity. Peptide-stimulated PBMCs were tested for their cytotoxicity against T2 cells pulsed with each
of the three HCV core peptides or an HIV-peptide as the negative control by a standard 6-hr 51Cr-release assay at
three different effector-to-target cell (E/T) ratios. The representative results of patiants 2–5 are shown in this fig-
ure. *P�0.05 by Student’s t-test. D: Ab-inhibition of the cytotoxicity. Peptide-stimulated PBMCs were tested for
their cytotoxicity against T2 cells pulsed with HCV core 35–44 peptide in the presence of anti-HLA-class I, anti-
HLA-class II, anti-CD8, or anti-CD4 mAb. Anti-CD14 mAb served as the negative control. The 6-hr 51Cr-
release assay was performed at an E/T ratio of 10 to 1. *P�0.05 by Student’s t-test.



Japan (no.12213134 to K.I., and Cooperation of Innovative
Technology and Advanced Research in Evolutional Area (CITY
AREA) to A.Y.), and from the Ministry of Health, Labour and
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