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Abstract

Since HLA-A*26 is one of the most common alleles in Asia, where approximately 20% of people have this allele, identification of HIV-
1-specific epitopes presented by HLA-A*26 is necessary for studies on the immunopathogenesis of AIDS and vaccine development in Asia.
As presented herein, we used the reverse immunogenetics approach to identify HIV-1 epitopes presented by HLA-A*2601, one of the major
HLA-A*26 subtypes. We selected 24 HLA-A*2601-binding peptides out of 110 HIV-1 peptides by using a HLA-A*2601 stabilization assay.
The ability of these HLA-A*2601-binding peptides to induce peptide-specific CD8+ T cells was tested by stimulating PBMCs from HIV-1-
infected individuals having HLA-A*2601 with these peptides. Four HLA-A*2601-binding peptides induced peptide-specific CD8 T cells.
Analysis using HIV-1 recombinant vaccinia-infected C1R-A*2601 cells indicated that these four peptides were HIV-1 epitopes endogenously
presented by HLA-A*2601. Two epitope-specific CD8+ T cells were predominantly detected in HIV-1 infected individuals, suggesting that
these epitopes may be useful for vaccine development.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

In acute and chronic phases of human immunodeficiency
virus type-1 (HIV-1) infection, an HIV-1-specific cytotoxic
T lymphocyte (CTL) response is effectively induced [1–3].
Several studies have provided direct evidence for high levels
of HIV-1-specific CTLs in patients in whom HIV-1 replica-
tion is controlled [4,5], suggesting that CTLs may control
HIV-1 replication. Therefore, HIV-1 vaccine development
and therapy to induce HIV-1-specific CTL might be expected
to prevent HIV-1 infection and the development of AIDS.

On the other hand, it is believed that HIV-1 escapes from
the host immune system. There are several proposed mecha-
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nisms that would allow HIV-1-infected cells to escape from
being killed by HIV-1-specific CD8+ T cells [6–11]. A mu-
tation within the viral epitopes recognized by CTL is one
of these mechanisms [7]. Therefore, identification and char-
acterization of such epitopes are necessary for studies on
vaccine development and immunopathogenesis of AIDS. We
previously showed a strategy to determine HIV-1 epitopes by
testing whether HIV-1-specific CTLs are induced in PBMCs
from HIV-1-seropositive individuals by stimulating the cells
with HLA class I-binding HIV-1 peptides [12,13]. Subse-
quent studies employing this strategy, which is called re-
verse immunogenetics, identified a large number of HIV-1
epitopes presented by HLA-A*1101, HLA-A*2402, HLA-
A*3303 and HLA-B*5101 [14–19].

HLA-A*26 is one of the most common alleles in Asian
countries, where approximately 20% of the people have this
allele. Although 20 HLA-A*26 subtypes from A*2601 to
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A*2620 have been reported, A*2601, A*2602 and A*2603,
are predominantly found in Asian countries including Japan
[20,21]. Therefore, identification of HIV-1 epitopes presented
by these alleles is required for studies on AIDS pathogene-
sis and vaccine development in Asia. Since HLA-A*2601 is
the most frequently found HLA-A*26 subtype [20,21], we
first focused on identification of HIV-1 epitopes presented
by this subtype. The strategy of reverse immunogenetics was
used to identify HLA-A*2601-restricted epitopes. Peptide-
specific CD8+ T cells were measured by counting IFN-�-
producing CD8+ T cells after stimulating PBMCs from HIV-
1-infected HLA-A*2601+ individuals with HLA-A*2601-
binding HIV-1 peptides. CD8+ T cell epitopes were finally
identified by testing whether peptide-specific CD8+ T cells
produced IFN-� after stimulation with HIV-1 recombinant
(r-HIV-1) vaccinia-infected HLA-A*2601+ cells. We herein
describe 4 HLA-A*2601-restricted HIV-1 epitopes identified
by using this reverse immunogenetics technique.

2. Materials and methods

2.1. Cells

Cells of C1R and TAP-defective mouse cell line RMA-
S were maintained in RPMI 1640 medium supplemented
with 10% fetal calf serum (FCS). C1R cells expressing
HLA-A*2601 (C1R-A*2601) were generated by transfecting
the C1R cells with the HLA-A*2601 gene. RMA-S trans-
fectants expressing HLA-A*2601 (RMA-S-A*2601) were
previously generated [22]. C1R-A*2601 were maintained
in RPMI 1640 medium supplemented with 10% FCS and
0.2 mg/ml neomycin; and RMA-S-A* 2601, in RPMI 1640
medium supplemented with 10% FCS and 0.15 mg/ml hy-
gromycin B.

2.2. Synthetic peptides

Sequences derived from four proteins of the human im-
munodeficiency virus type-1 SF2 strain (HIV-1: Env, Gag,
Pol, and Nef) were screened for HLA-A*2601 binding mo-
tifs. Peptides were prepared by utilizing an automated multi-
ple peptide synthesizer, with the Fmoc strategy followed by
cleavage. The purity of the synthesized peptides was exam-
ined by mass spectrometry. Peptides with more than 90% of
purity were used in the present study.

2.3. HLA-stabilization assay

RMA-S-A*2601 cells express empty HLA-A*2601 on
their cell surface when they are cultured at 26 ◦C. The surface
expression of empty HLA-A*2601 rapidly decreases after
RMA-S-A*2601 cells are incubated at 37 ◦C, whereas HLA-
A*2601 molecules are stably expressed on the surface of the
cells at 37 ◦C if they bind peptides. Binding of HIV-1 derived
peptides to HLA-A*2601 was measured as previously de-

scribed by using RMA-S-A*2601 cells [22]. Briefly, RMA-
S-A*2601 cells were cultured at 26 ◦C for about 16 h. Then
they were incubated with peptides at 26 ◦C for 1 h and sub-
sequently at 37 ◦C for 3 h. Peptide-pulsed cells were stained
with the HLA class I �3 domain-specific mAb TP25.99 [23]
and the FITC-conjugated IgG fraction of sheep anti-mouse
Ig (Silenius Laboratories, Hawthorn Victoria, Australia). The
mean fluorescence intensity (MFI) was measured by using a
FACS Calibur (BD Bioscience, San Jose, California, USA).
HLA-A*2601-binding peptides were defined as those which
at a concentration of 10−3 M caused >25% increase in MFI
compared with the MFI of control RMA-S-A*2601 cells cul-
tured at 26 ◦C. The peptide concentration that yielded the
half-maximal levels of the MFI was calculated and was re-
ported as the BL50 value. Binding peptides were classified
into three categories according to their BL50: high bind-
ing (BL50 < 10−5), medium binding (10−5≤BL50 < 10−4),
and low binding (BL50≥ 10−4). High-, medium-, low- and
non-binding peptides were ranked as 3, 2, 1 and 0, respec-
tively. The mean binding rank (MBR) of a group of peptides
was then calculated. For example, if in a group of 10 pep-
tides, three were high binding, one was medium binding,
one was low binding and five non-binding, then the MBR is
12/10 = 1.20. The MBR of each amino acid group and each
peptide length were analyzed by the Mann-Whitney U-test
(Stat View 4.02; Abacus Concepts, Berkeley, CA, USA).

2.4. Patients

Blood samples were collected with informed consent from
seven HIV-1 infected patients with HLA-A*2601 (KI-098
with acute HIV-1 clade B infection, and KI-003, KI-134, KI-
034, KI-060, KI-123 and KI-125 with chronic HIV-1 clade
B infection).

2.5. Detection of IFN-�-producing CD8+ T cells after
stimulation of PBMCs with peptide-pulsed C1R-A*2601
cells

After C1R-A*2601 cells had been incubated for 60 min
with each peptide (1 �M) or each peptide cocktail (1 �M
concentration of each peptide), they were washed twice with
RPMI-1640 containing 10% FCS. These peptide-pulsed C1R
cells (8× 104 per well) and cultured PBMC cells (2× 104 per
well) were added to a 96-well round-bottomed plate, which
was incubated for 2 h. Subsequently, Brefeldin A (10 �g/ml)
was then added and incubation was continued for an addi-
tional 4 h. Next the cells were stained with anti-CD8 mAb
(DAKO Corporation, Flostrup, Denmark), fixed with 4%
paraformaldehyde at 4 ◦C for 20 min, and then permeabi-
lized with PBS containing 20% newborn calf serum (Summit
Biotechnology, Greely, Co.) and 0.1% saponin (permeabi-
lizing buffer) at 4 ◦C for 10 min. Thereafter the cells were
resuspended in permeabilizing buffer and then stained with
anti-IFN-� mAb (BD Bioscience Pharmingen, San Diego,
CA). The cells were finally resuspended in PBS containing



M. Satoh et al. / Vaccine 23 (2005) 3783–3790 3785

2% paraformaldehyde and then the percentage of CD8+ cells
positive for intracellular IFN-� was analyzed by flow cytom-
etry.

2.6. Detection of IFN-γ-producing CD8+ T cells after
stimulation with C1R-A*2601 cells infected with
recombinant HIV-1 vaccinia

C1R-A*2601 cells were infected with 10 plaque-forming
units of recombinant vaccinia virus expressing a given pro-
tein (Gag and Pol, Nef, or Env) or WT vaccinia virus per
target cells at 37 ◦C for 1 h, and then cultured for 16 h. These
infected cells were washed twice with RPMI 1640 contain-
ing 10% FCS and then incubated with cultured effector cells
in a 96-well round-bottomed plate at 37 ◦C for 2 h. The ac-
tivities of the effector cells to produce IFN-� were tested
at an E:T ratio of 1:4. Brefeldin A (10 �g/ml) was added,
and then incubation was continued for an additional 4 h. The
cells were thereafter stained with anti-CD8 mAb, fixed with
4% paraformaldehyde at 4 ◦C for 20 min, and incubated at
4 ◦C for 10 min in the permeabilizing buffer. They were re-
suspended in the permeabilizing buffer and then stained with
anti-IFN-� mAb. The cells were finally resuspended in PBS
containing 2% paraformaldehyde and then the percentage of
CD8+ cells positive for intracellular IFN-� was analyzed by
flow cytometry.

2.7. Generation of cytotoxic T lymphocyte (CTL) clones

Gag169–177-specific, Pol604–612-specific, Pol647–656-
specific, and Env464–473-specific CTL clones were gen-
erated from HIV-1-specific bulk cultured T cells by limit-
ing dilution in U-bottomed 96-well microtiter plates (Nunc,
Roskilde, Denmark) together with 200 �l of cloning mixture
(about 1× 106 irradiated allogeneic PBMCs from healthy
donors and 1× 105 irradiated C1R-A*2601 cells pre-pulsed
with the corresponding peptide at 1 �M) in RPMI 1640 sup-
plemented with 10% human plasma and 200 U/ml human
recombinant IL-2(rIL-2)(Ajinomoto, Tokyo, Japan).

2.8. CTL assay

Cytotoxicity was measured by use of the standard 51Cr re-
lease assay. Target cells (5× 105) were incubated for 60 min
with 150 �Ci Na2

51CrO4 in saline, and washed three times
with RPMI 1640 medium containing 10% NCS. Labeled tar-
get cells (5× 103/well) were added to each well of a U-
bottomed 96-well microtiter plate (Nunc, Roskilde, Den-
mark) with the desired amount of the corresponding peptide
and were incubated for 1 h at 37 ◦C. Effector cells were added
and the mixtures were incubated for 4 h at 37 ◦C. The super-
natants were collected and analyzed with a gamma counter.
The spontaneous 51Cr release (cpm spn) was determined by
measuring the cpm in the supernatant in the wells containing
only target cells. The maximum release (cpm max) was deter-

mined by measuring the release of 51Cr from the target cells in
the presence of 2.5% TritonX-100. Percent specific lysis was
calculated as follows: percentage specific lysis = 100× (cpm
exp− cpm spn)/(cpm max− cpm spn), where cpm exp is the
cpm in the supernatant from wells containing both target and
effector cells.

3. Results

3.1. Identification of HLA-A*2601-binding peptides
from HIV-1 peptides carrying HLA-A*2601-binding
motif

A previous study revealed that HLA-A*2601-binding pep-
tides have two anchor residues, one at position 2 and the
other at the C-terminus [24]. Five (Val, Thr, Ile, Leu and
Phe) and 2 (Tyr and Phe) amino acids prevail at position
2 and the C terminus, respectively. Our recent study us-
ing an HLA-A*2601 stabilization assay demonstrated that
acidic amino acids, Asp and Glu, and a broad range of amino
acids with the exception of positively charged ones func-
tion as anchors at position 1 and the C-terminus, respec-
tively [22]. Therefore, we chose the sequences of 8-mer to
11-mer containing these anchor residues at position 1, po-
sition 2 and the C-terminus from the sequences of Gag,
Pol, Nef and Env proteins in the HIV-1 SF2 strain. One
hundred-ten peptides matched to these sequences were syn-
thesized. The binding of these synthetic peptides to HLA-
A*2601 was then tested by the HLA-stabilization assay using
RMA-S-A*2601 cells. A representative result for peptides
with high (BL50 < 10−5), medium (10−5≤BL50 < 10−4),
and low affinity (BL50≥ 10−4) is shown in Fig. 1. Twenty-

Fig. 1. Binding to HLA-A*2601 of HIV-1 peptides carrying HLA-A*2601
motif. Binding of the peptides carrying A*2601 anchors was measured by
a stabilization assay using RMA-S-A*2601 cells. Representative results of
binding peptides with high-(Gag169–177), medium-(Pol647–656), and low-
(Env63–73) affinity are shown.
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Table 1
HLA-A*2601-binding HIV-1 peptides

Sequence Position BL50 (M)

EVFRPGGGDM Env464–473 1.5× 10−6

EVIPMFSAL Gag169–177 2.9× 10−6

ETKLGKAGY Pol604–612 4.1× 10−6

ETWEAWWMEY Pol551–560 6.4× 10−6

EVHNVWATHA Env63–72 1.1× 10−5

ELKKIIGQV Pol872–880 1.9× 10−5

ETPGIRYQY Pol293–301 2.7× 10−5

EVNIVTDSQY Pol647–656 5.2× 10−5

ETINEEAAEW Gag205–214 1.4× 10−4

EIYKRWIIL Gag262–270 1.6× 10−4

EILGHRGWEA Env782–791 2.6× 10−4

ETKLGKAGYV Pol604–613 3.3× 10−4

ELYPLTSLRSL Gag484–494 3.3× 10−4

EVVIRSDNF Env272–280 3.3× 10−4

EVYYDPSKDLV Pol471–481 3.9× 10−4

DTTNQKTEL Pol626–634 4.0× 10−4

DVKNWMTETLL Gag314–324 4.0× 10−4

EVNIVTDSQYA Pol647–657 5.9× 10−4

ETGQETAYF Pol807–815 6.0× 10−4

EVHNVWATHAC Env63–73 >1.0× 10−3

EICGHKAIGTV Pol121–131 >1.0× 10−3

DIISLWDQS Env106–114 >1.0× 10−3

EVIPLTEEA Pol446–454 >1.0× 10−3

DIVIYQYMDDL Pol332–342 >1.0× 10−3

four peptides bound to HLA-A*2601. They included four
high-, four medium- and 16 low-affinity peptides (Table 1).

Twenty of seventy-two peptides (27.8%) carrying Glu at
P1 bound to HLA-A*2601, whereas only 4 of 38 peptides
(10.5%) carrying Asp at P1 bound to this allele (Table 2).
This supports a previous study using only 38 peptides, which
revealed higher binding ability of peptides carrying Glu at P1
than those carrying Asp at the same position [22]. In addition,
peptides carrying Val and Thr at P2 exhibited higher affinity
than those carrying Leu and Ile at the same position (Table 2),
supporting also the results in a previous study using mutated
peptides at position 2 [22].

3.2. Induction of HIV-1 peptide-specific CD8+ T cells
from PBMCs of HIV-1-infected individuals with
HLA-A*2601

PBMCs from three HIV-1-infected individuals with HLA-
A*2601 (KI-003, KI-098 and KI-134) were cultured for

Table 2
Effect of residues at P1 and P2 on the binding of peptides to HLA-A*2601

Amino acid NBPa/NTPb MBRc

Position 1
E 20/72 (27.78%) 0.44
D 4/38 (10.53%) 0.11

Position 2
V 10/24 (41.67%) 0.67
T 6/22 (27.28%) 0.55
L 2/37 (5.41%) 0.01
I 5/27 (18.52%) 0.19

a Number of binding peptides.
b Number of total peptides tested.
c Mean binding rank.

10–14 days after they had been stimulated with cocktails of
HLA-A*2601-binding peptides. The cultured cells were then
tested for IFN-� production by CD8+ T cells after stimu-
lation with C1R-A*2601 cells pre-pulsed with the peptide
cocktails (Table 3). Cocktail 1 induced a high number of
the specific CD8+ T cells in PBMCs from KI-098 and KI-
134 and a low number of them in PBMC from KI-003.
Cocktail 2 induced a high number of the specific CD8+ T
cells in PBMCs from KI-003 and KI-134, whereas cock-
tails 3, 4 and 5 induced a low number of the specific CD8+

T cells in PBMCs from KI-098, KI-003 and KI-134, re-
spectively. To determine which peptides in the cocktails
induced the specific CD8+ T cells, we stimulated the cul-
tured cells with C1R-A*2601 cells pre-pulsed with each pep-
tide contained in the cocktails. Env464–473, Pol604–612,
Pol647–656 and Gag169–177 peptides induced the specific
CD8+ T cells in 1 (KI-003), 2 (KI-003 and KI-134), 1 (KI-
003) and 2 (KI-098 and KI-134) individuals, respectively
(Fig. 2).

3.3. Identification of HIV-1-specific CD8+ T cell
epitopes endogenously presented by HLA-A*2601

To clarify whether these peptides are endogenously pre-
sented in HIV-1-infected cells, we investigated the ability
of these peptide-specific CD8+ T cells to produce IFN-�
after stimulation of these cells with C1R-A*2601 cells in-
fected with r-HIV-1 vaccinia. The cultures containing the four
peptide-specific CD8+ T cells significantly produced IFN-
� after stimulation with r-HIV-1 vaccinia-infected cells as

Table 3
Induction of peptide-cocktail-specific CD8+ T cells in cultured cells stimulated with the peptide cocktail

Peptide cocktail Percentage of IFN-�-producing cells in CD8+ T cells

KI-003 KI-098 KI-134

Cocktail 1 (Gag169–177, Pol551–560, Env464–473, Env63–72) 0.9 55.4 4.7
Cocktail 2 (Pol872–880, Pol293–301, Pol647–656, Pol604–612) 24.5 0 10.3
Cocktail 3 (Gag205–214, Gag262–270, Env782–791) 0 0.8 0.1
Cocktail 4 (Pol604–613, Gag484–494, Env272–280, Pol471–481) 2.5 0 0
Cocktail 5 (Pol626–634, Gag314–324, Pol647–657, Pol807–815) 0 0 0.8
Cocktail 6 (Env63–73, Pol121–131, Env106–114, Pol446–454, Pol332–342) 0 0 0
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Fig. 2. Induction of HIV-1-specific CD8 T cells from PBMCs of HIV-1-
infected individuals with HLA-A*2601. PBMCs from three HIV-1-infected
individuals (KI-003, KI-098 and KI-134) were stimulated with cocktails
of HLA-A*2601 binding peptides (Table 3), and were then cultured for
10–14 days. The cultured cells were stimulated with C1R-A*2601 cells pre-
pulsed for 6 h with the cocktail of HLA-A*2601 binding peptides. IFN-�-
producing CD8+ T cells were measured by using flow cytometry. Cultured
cells containing IFN-�-producing CD8+ T cells from three HIV-1-infected
individuals were stimulated with C1R-A*2601 cells pre-pulsed with indi-
vidual peptides included in the cocktails shown in Table 3. IFN-�-producing
CD8+ T cells were measured by using flow cytometry. Percentage of IFN-
�-producing CD8+ T cells is presented in each figure.

compared with those stimulated with WT vaccinia-infected
cells (Fig. 3). These results indicate that Gag169–177,
Pol604–612, Pol647–656 and Env464–473 are endogenously
presented in HIV-1-infected cells and recognized as CD8+ T
cell epitopes.

Fig. 3. Recognition of HLA-A*2601-restricted HIV-1 epitopes presented
on r-HIV-1 vaccinia-infected cells. Cultured cells containing peptide-
specific CD8+ T cells shown, were examined for IFN-� production af-
ter they had been stimulated with C1R-A*2601 cells infected with wild-
type vaccinia (vaccinia-WT), those with r-HIV-1-vaccinia-infected C1R-
A*2601(vaccinia-HIV-1), or uninfected C1R-A*2601 cells (uninfected).

To confirm that these CD8+ T cell epitopes are recog-
nized by specific CTLs, we established CTL clones specific
for these epitopes. Pol647–656-specific and Env464–473-
specific CTL clones were established from patient KI-003,
whereas Gag169–177-specific and Pol604–612-specific CTL
ones were established from patients KI-098 and KI-125,
respectively. These CTL clones effectively killed not only
epitope–peptide-pulsed C1R-A*2601 cells but also C1R-
A*2601 cells infected with recombinant HIV-1(r-HIV-1)-
vaccinia (Fig. 4). These results show that the peptides
were epitopes presented by the HLA-A*2601 and indicated
that they were recognized as CTL epitopes by the specific
CTLs.

Fig. 4. Cytolytic activity of the HLA-A*2601-restricted CTL clones toward peptide-pulsed or r-HIV-1 vaccinia-infected cells. The activities of HLA-A*2601-
restricted CTL clones toward C1R-A*2601 cells pre-pulsed with 1 �M epitope peptides (peptide+) or infected with recombinant vaccinia virus expressing the
corresponding proteins, Gag and Pol, or Env (vaccinia-HIV-1), or wild-type vaccinia virus (vaccinia-WT) were tested at an effector-to-target (E:T) ratio of 2:1
or 4:1.
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Table 4
Induction of epitope-specific CD8+ T cells in PBMCs from HIV-1-infected individuals

Patientsa Viral loadb CD4c CD8c Percentage of IFN-�-producing cells in CD8+ T cells

Gag169–177 Pol604–612 Pol647–656 Env464–473

KI-003 3.1× 103 262 3469 0.1 3.5 3.2 1.1
KI-098 2.2× 102 981 740 5.3 0.1 0.1 0.2
KI-134 3.7× 105 422 1545 4.1 0.4 0.7 0.4
KI-123 6.6× 104 406 1328 2.7 1.2 0.2 0.5
KI-060 8.4× 103 542 1085 0.5 ND 0.5 0.5
KI-125 2.6× 104 258 115 4.3 10.6 0.7 0.3
KI-034 2.2× 104 242 997 4.1 2.9 0.2 0.3

a HIV-1-infected individuals with HLA-A*2601.
b Copy/ml.
c Cell/�l.

3.4. Gag169–177- and Pol604–612-specific CD8+ T
cells are predominantly found in HIV-1-infected
individuals with HLA-A*2601

To clarify whether CD8+ T cells specific for these epitopes
were predominantly induced in HIV-1-infected individuals
bearing HLA-A*2601, we investigated the induction of the
specific CD8+ T cells in PBMCs from 7 HIV-1-infected in-
dividuals by stimulating them with these epitope peptides.
Gag169–177- and Pol604–612-specific CD8+ T cells (more
than 1% of total CD8+ T cells) were found in five and four, re-
spectively, of the seven HIV-1-infected individuals (Table 4).
In contrast, Env464–473- and Pol647–656-specific CD8+ T
cells were induced in only one of these seven individuals.
These results suggest that Gag169–177 and Pol604–612 are
predominantly recognized in most HIV-1-infected individu-
als with HLA-A*2601.

4. Discussion

A previous study that analyzed the sequences of self-
peptides eluted from HLA-A*2601 molecules identified the
motifs of HLA-A*2601-binding peptides (P2: Val, Thr, Ile,
Phe, and Leu, C terminus: Phe and Tyr, Ref. [24]). A sub-
sequent study using an HLA-A*2601 stabilization assay
confirmed the anchor residues at position 2 and the C-
terminus by using mutated peptides at position 2 and the
C-terminus, and further revealed by using 38 peptides that
Glu/Asp and non-polar amino acids are preferred at posi-
tion 1 and the C-terminus, respectively [22]. In the present
study using 110 eight- to eleven-mer peptides, we confirmed
these anchor residues at positions 1, 2 and the C-terminus.
These anchor residues are useful for identification of HLA-
A*2601-restricted epitopes including those of viral antigens,
tumor antigens, and self-antigens by using reverse immuno-
genetics.

Although we employed a 51Cr-release cytotoxic assay to
identify peptide-specific CD8+ T cells in previous studies em-
ploying reverse immunogenetics [15–19], we used the IFN-
�-production assay for the present study. Since the peptide-
stimulated, cultured PBMCs contain NK cells, they often

show non-specific killing activity toward target cells such as
C1R cells, which are sensitive to NK cells. On the other hand,
the effect of NK cells is excluded in the IFN-�-production as-
say, since peptide-specific CD8+ T cells can be specifically
identified by using flow cytometry with anti-CD8 and anti-
IFN-� mAbs. Therefore, this assay is useful for identification
of epitope-specific responses by HIV-1-specific CD8+ T cells.
On the other hand, it is impossible to show whether these
specific CD8+ T cells include cytotoxic T cells by the IFN-
�-production assay. We therefore generated epitope-specific
T cell clones and tested whether these CTL clones could kill
the target cells. The results showed that these epitopes were
indeed recognized by specific CTLs.

The induction of the four epitope-specific CD8+ T
cells varied among seven HIV-1-infected individuals carry-
ing HLA-A*2601 (Table 4). Gag169-specific and Pol604-
specific CD8+ T cells were found in five of seven and in
four of six HIV-1-infected individuals, respectively. In con-
trast, Pol647-specific and Env464-specific CD8+ T cells were
detected only in KI-003. These results suggest that Gag169-
specific and Pol604-specific CD8+ T cells were predomi-
nantly induced in HIV-1-infected individuals bearing HLA-
A*2601. The induction of these HIV-1-specific CD8+ T cells
was not correlated with viral load or the number of CD4+ or
CD8+ T cells. Epitope mutation may be one factor for the
failure to induce some specific CTLs in HIV-1-infected in-
dividuals. However, it is difficult to conclude that this would
account for all cases where specific CTLs are not induced
in HIV-1-infected individuals, because no mutation was de-
tected in some cases [25].

We searched reported HIV-1 sequences of HIV-1 clade
A–E (HIV sequence database, Los Alamos, New Mexico,
USA) for major variants of these epitopes. The sequences
of Gag169–177 (EVIPMFSAL) and Pol604–612 (ETKLGK-
AGY) were found in 35 of 36 HIV-1 clade B isolates and in
25 of 33 HIV-1 clade B isolates, respectively (Table 5), in-
dicating that the sequences are relatively conserved in clade
B. Since CTLs specific for these epitopes were frequently
induced in HIV-1-infected individuals with HLA-A*2601,
they may be useful for making a vaccine to induce specific
CTLs. These sequences were also conserved in clades A, D
and E (Table 5), implying that these sequences are epitopes
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Table 5
Variation of HLA-A*2601-restricted epitopes in clades A–E

in these clades as well. Indeed, our previous study revealed
that clade B CTL epitopes, whose sequences were conserved
between clades B and E, were recognized as epitopes by
CTLs in clade E-infected individuals [26]. That study also re-
vealed that mutants of clade B epitopes, which were predom-
inantly found in clade E, were recognized as CTL epitopes in
clade E-infected individuals. The Gag169–177 mutant car-
rying Thr at position 7 was the consensus sequence in clade
C, whereas the Pol604–612 mutant carrying Ile at position
4 was predominantly found in this clade (Table 5). There-
fore, these mutants might be recognized as T cell epitopes in
clade C-infected individuals. In Asian countries where clades
C and E HIV-1 are prevalent in addition to clade B, HLA-
A*2601 is one of the commonly found alleles. Identifica-
tion of HLA-A*2601-restricted HIV-1 epitopes in clades C
and E would also be useful for HIV-1 vaccine development
in Asia.

In conclusion, we identified 4 HLA-A*2601-resticted
CD8+ T cells epitopes by using reverse immunogenetics in
the present study. These four epitopes will be useful for stud-
ies on the immunopathogenesis of AIDS in HIV-1 clade B-
infected individuals. Two epitopes in particular, Gag169–177
and Pol604–612, are promising for the development of an
HIV-1 vaccine, since CD8+ T cells specific for these epitopes

were predominantly induced in HIV-1-infected individuals
bearing HLA-A*2601.
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