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Human immunodeficiency virus type 1 (HIV-1)-specific cytotoxic T-lymphocyte (CTL) responses play a ma-
jor role in the antiviral immune response, but the relative contribution of CTL responses restricted by different
HLA class I molecules is less well defined. HLA-B60 or the related allele B61 is expressed in 10 to 20% of Cau-
casoid populations and is even more highly prevalent in Asian populations, but yet no CTL epitopes restricted
by these alleles have been defined. Here we report the definition of five novel HLA-B60-restricted HIV-1-specific
CTL epitopes, using peripheral blood mononuclear cells in enzyme-linked immunospot (Elispot) assays and
using CTL clones and lines in cytolytic assays. The dominant HLA-B60-restricted epitope, Nef peptide KEKG
GLEGL, was targeted by all eight subjects with B60 and also by both subjects with B61 studied. This study
additionally establishes the utility of the Elispot assay as a more rapid and efficient method of defining novel
CTL epitopes. This approach will help to define new CTL epitopes that may play an important role in the
immune control of HIV-1.

Human immunodeficiency virus type 1 (HIV-1)-specific cy-
totoxic T lymphocytes (CTL) are considered to play a central
role in the immune response against HIV-1 (7, 21). During
untreated acute HIV-1 infection, virus-specific CTL activity is
associated with the initial decrease of viremia (4, 33). High
levels of HIV-1-specific CTL are detectable in subjects with
asymptomatic chronic infection (42) but generally decline with
disease progression (31). Also during chronic HIV-1 infection,
HLA-A2-restricted Gag-specific CTL responses are inversely
associated with HIV-1 viral load, when quantified using pep-
tide-major histocompatibility complex class I tetramers (37). In
vitro studies have demonstrated potent inhibition of viral rep-
lication by HIV-1-specific CTL, mediated by both lytic and
nonlytic mechanisms (45), and in vivo there is strong evidence
that AIDS viruses evolve to escape CTL recognition by epi-
tope-specific mutations (5, 14, 18, 20, 32, 38). The critical role
of virus-specific CTL responses for the control of viremia has
recently been directly demonstrated by CD81 T-cell depletion
studies in simian immunodeficiency virus infection in ma-
caques showing that CD81 T cells effectively suppress viral
replication (24, 40).

However, differences in the effectiveness of HIV-1-specific
CTL responses of different specificities are increasingly appar-
ent. Certain HLA class I molecules have been associated with
more rapid or slower progression of HIV-1 disease (9, 13, 17,
23, 29, 30). The possible mechanism by which HLA class I
molecules might influence the speed of disease progression is
unclear. A better understanding of these interactions depends

upon the precise fine mapping of the optimal CTL epitopes
and the definition of HLA class I restriction of these responses.
Potentially an important value of well-defined optimal CTL
epitopes is that these could be incorporated in future vaccines
aimed at inducing HIV-1-specific CTL responses.

HLA-B60 and HLA-B61 are closely related major histocom-
patibility complex class I molecules (1) for which HIV-1-spe-
cific CTL epitopes have not been defined to date (6). Their
high prevalence in certain populations that are severely affect-
ed by the global HIV epidemic, such as those in India and
Thailand, makes the need to define the dominant CTL epi-
topes presented by these restriction elements more urgent. For
example, 30% of Thai-Chinese express HLA-B60 and 38% of
Indian populations express HLA-B61 (10, 22). HLA-B60 and
-B61 indeed are the most prevalent of the HLA-B alleles in
each of these respective populations. In Caucasoids of North
America and Europe also, these alleles are not uncommon,
B60 and B61 being expressed in approximately 10 to 20% of
such populations. In African population studies, however,
these alleles are extremely rare (10, 22).

In these studies, we applied the sensitive and rapid enzyme-
linked immunospot (Elispot) technique to define CTL responses
in persons who express HLA-B60 or -B61. Five novel HLA-
B60-restricted CTL epitopes were characterized in p17Gag,
p24Gag, gp41Env, reverse transcriptase (RT), and Nef. Re-
sponses to two of these epitopes were also detected in two of
two subjects studied with HLA-B61. The hierarchy of these
B60-restricted responses was defined in eight subjects with
HLA-B60. By comparing Elispot assay to traditional tech-
niques, we demonstrate that the Elispot assay is a rapid, inex-
pensive, and less labor-intensive method of defining novel CTL
epitopes and characterizing the breadth of CTL responses.
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MATERIALS AND METHODS

Patients. HIV-1-specific CTL responses were analyzed in detail in two pa-
tients. Individual 166j was infected with HIV-1 in May 1997 and diagnosed and
treated during symptomatic acute-phase HIV-1 infection, prior to seroconver-
sion. At the time of the analysis of CTL responses, the subject had been treated
for 2 years with highly active antiretroviral therapy but had undergone structured
therapy interruption twice for 3 weeks and 17 weeks, respectively. Viral load
during the time of CTL analysis was below the level of detection (,50 copies of
HIV-1 RNA/ml of plasma), and CD41 T-cell counts were 600 to 800 cells/ml.

Subject 161j is an individual with long-term nonprogressive HIV-1 infection,
who has been described previously (26). Briefly, he has been HIV-1 infected
since 1978 and has never received any antiretroviral therapy, and his viral load
consistently has remained below the limit of detection (,50 RNA copies/ml of
plasma). CD41 T-cell count at the time of CTL analysis was 670 cells/ml.

An additional six HIV-1-infected individuals with HLA-B60 were screened for
HIV-1-specific CTL responses against the newly defined HLA-B60-restricted
CTL epitopes, as were two HIV-1-infected individuals with HLA-B61 (Table 1).
All these subjects were adults except subject 019-TCH, who was a child, aged 6
years and 11 months, infected via mother-to-child transmission. All individuals
studied, including subjects 166j and 161j, were Caucasian, apart from subject
3134f, who was Hispanic.

HLA typing. HLA class I typing was performed at the Massachusetts General
Hospital Tissue Typing Laboratory using sequence-specific primer PCR (8).
HLA class I types of the subjects studied are shown in Table 1. HLA-B60 is
encoded by B*4001, and HLA-B61 is most commonly encoded by B*4002 (39).
The sequence-specific primer PCR used did not distinguish B*4002 and the less
frequent subtypes, including HLA-B*4003, -B*4004, -B*4006, and -B*4008 (39).

Cell lines and media. Epstein-Barr virus (EBV)-transformed B-lymphoblas-
toid cell lines were established and maintained in R20 medium (RPMI 1640
medium [Sigma, St. Louis, Mo.] supplemented with 2 mM L-glutamine, 50 U of
penicillin per ml, 50 mg of streptomycin per ml, 10 mM HEPES, and 20%
heat-inactivated fetal calf serum [Sigma]) as previously described (42). For cul-
ture of CTL clones, medium containing 10% fetal calf serum (R10) supple-
mented with 50 U of recombinant interleukin-2 (kindly provided by M. Gately,
Hoffmann-La Roche, Nutley, N.J.) per ml was used.

Generation of CTL clones. CTL clones were isolated by limiting dilution as
previously described (25, 43), using the anti-CD3-specific monoclonal antibody
(MAb) 12F6 as stimulus for T-cell proliferation. Developing clones were
screened for HIV-1-specific CTL activity by 51Cr release assay (42) against
autologous B-cell lines pulsed with the peptides recognized in the Elispot assays.
HIV-1-specific clones were maintained by stimulation every 14 to 21 days with an
anti-CD3 MAb and irradiated allogeneic peripheral blood mononuclear cells
(PBMC). Fine mapping of the novel CD81 T-cell responses identified in the
Elispot assay was achieved in a 51Cr release assay using truncations of the
recognized 15- to 20-mer peptide (43). HLA restriction of CTL epitopes was
determined using a panel of target cells matched through only one of the
HLA-A, HLA-B, or HLA-C class I alleles expressed by the effector cells (43).

Synthetic HIV-1 peptides. Peptides corresponding to previously described
optimal HIV-1 CTL epitopes (6) were synthesized on an automated peptide
synthesizer (Model 432A; Applied Biosystems, Foster City, Calif.). In addition,
a panel of 259 overlapping peptides, 15 to 20 amino acids in length and over-
lapping by 10 to 11 amino acids, spanning the entire p17Gag, p24Gag, gp41Env,
gp120Env, RT, and Nef B-clade SF2 sequence, were used. These peptides were
provided in part by the National Institute for Biological Standards and Control
Centralized Facility for AIDS Reagents, supported by European Union Program
EVA and the United Kingdom Medical Research Council.

Elispot assay. Fresh PBMC were separated from whole blood by Ficoll-
Hypaque (Sigma) density gradient centrifugation and plated in 96-well polyvi-
nylidene difluoride-backed plates (MAIP S45; Millipore, Bedford, Mass.) that

had been previously coated with 100 ml of anti-gamma-interferon (IFN-g) MAb
1-D1k (0.5 mg/ml; Mabtech, Stockholm, Sweden) overnight at 4°C. Peptides were
added directly to the wells at a final 1025 M concentration. Cells were added to
the wells at 25,000 to 100,000 cells per well in a final volume of 130 ml of R10.
For negative controls, 100,000 PBMC were incubated with R10 alone, without
adding peptides. The plates were incubated at 37°C with 5% CO2 overnight (14
to 16 h), then washed six times with phosphate-buffered saline (PBS) before 100
ml of biotinylated anti-IFN-g MAb 7-B6-1 (1 mg/ml; Mabtech) was added, and
incubated at room temperature for 90 min. After the plates were washed again
with PBS, 100 ml of 1:20,000-diluted streptavidin-alkaline phosphatase conjugate
(Mabtech) was added per well. The plates were incubated at room temperature
for 45 min. Wells were again washed with PBS, and individual IFN-g-producing
cells were detected as dark spots after a 20- to 30-min color reaction with
5-bromo-4-chloro-3-indolylphosphate and nitroblue tetrazolium using an alka-
line phosphatase-conjugated substrate (Bio-Rad Laboratories, Hercules, Calif.).
Spots were counted by direct visualization and are expressed as spot-forming
cells (SFC) per 106 PBMC or per 106 input cells. The number of specific
IFN-g-secreting T cells was calculated by subtracting the negative control value
from the established SFC count. Results of 60 or more SFC/106 input cells were
considered positive. Negative controls were always ,60 SFC/106 input cells.
CD81 T-cell dependence of all responses to synthetic peptides was confirmed by
CD8 and CD4 depletion and enrichment studies using magnetic beads (MACS;
Miltenyi Biotech, Hamburg, Germany), according to the manufacturer’s proto-
col.

Fine mapping and HLA restriction of immunodominant CTL epitopes using
Elispot assay. For the fine mapping of the epitope by Elispot assay, the same
peptide truncations were used as for the chromium release assay. A total of 500
to 1,000 clonal T cells per well or 50,000 PBMC were incubated with concen-
trations from 1024 to 10211 M peptide overnight on the Elispot plate. All assays
were run in duplicate. The optimal peptide was defined as the peptide that
induced 50% maximal specific IFN-g production by T cells at the lowest peptide
concentration.

HLA restriction of the immunodominant epitope by Elispot assay was per-
formed using the same panel of target B cells as described for the chromium
release assay. The B cells were incubated for 1 h with 100 mM optimal epitope
and then washed four times in R10. Some 2,000 to 5,000 clonal target cells or
50,000 fresh PBMC were added to 500 B cells per well and incubated overnight.
Target cells without peptide and pulsed with non-HLA-matched peptides were
used as negative controls.

RESULTS

HIV-1-specific CTL responses can be rapidly identified us-
ing Elispot assays. In order to define CTL responses restricted
through HLA-B60, two subjects (166j and 161j) expressing this
allele were evaluated. These studies employed a panel of over-
lapping peptides spanning p17Gag, p24Gag, gp41Env, gp120Env,
RT, and Nef, as well as previously described optimal peptides
(5) predicted to be targeted through other expressed alleles in
these subjects. Table 2 summarizes the recognized 15- to 20-
mers, as well as the recognized optimal HLA-matched CTL
epitopes that are included in these larger peptides. For pep-
tide-specific T-cell responses against five of the overlapping
peptides (Nef-10, p17-9A, p24-5, RT-40, and gp41-31), no op-
timal HIV-1 CTL epitopes had been described previously (6),
and these responses were further investigated, as illustrated for
the overlapping Nef-10 peptide in subject 166j (Fig. 1).

PBMC from subject 166j showed recognition of three over-
lapping Nef peptides (Nef-8, -9, and -10) (Fig. 1a). The re-
sponses to Nef-8 and Nef-9 were due to the recognition of the
A3-restricted epitope QVPLRPMTYK (31) and the Cw8-re-
stricted epitope KAAVDLSHFL (reference 34 and data not
shown). CD81 T-cell dependence of responses to these over-
lapping peptides was confirmed by CD4 and CD8 depletion
and enrichment studies as shown for peptide Nef-10 in Fig. 1b.
Using two 15-mer peptides that overlapped by 10 amino acids
and together spanned the 20-mer Nef-10, it was determined
that the optimal epitope was within the 15-mer KEKGGLEG
LIWSQRR (data not shown). By incubating PBMC in the
Elispot assay with serial dilutions of the 9-mer KEKGGLEGL
(KL9) and serial dilutions of four additional peptides which
had 1 amino acid added to or deleted from the N- or C-ter-
minal residues of the KL9 sequence, respectively, the 9-mer

TABLE 1. HLA types of study subjectsa

Subject
HLA type

A B Cw

166j A3/2 B14/60 Cw3/8
161j A2/3 B7/60 Cw3/7
321d A3/24 B18/60 Cw3/7
3220a A2/68 B60/63 Cw3/7
3549j A32/68 B14/60 Cw3/8
PSL002 A2/3 B49/60 Cw3/7
019-TCH A2/32 B51/60 Cw3/8
013-57i A3/38 B51/60 Cw15/16
3134f A2/31 B61/2 Cw3/2
3572i A25/32 B18/61 Cw2/12

a HLA class I types of eight subjects with HLA-B60 and two subjects with
HLA-B61 who were studied.
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KEKGGLEGL was demonstrated as the optimal CTL epitope
(Fig. 1c).

The Elispot assay measures the ability of T cells to produce
IFN-g but not the ability to kill target cells. To determine if the
optimal Elispot-identified epitope represented a true CTL epi-
tope, the Nef-10 peptide was used to isolate peptide-specific
CTL clones. The optimal CTL epitope was then defined by the
classical approach using the 51Cr release assay (43). Serial
dilutions of the same peptide truncations used in the Elispot
assay were also used in this assay. The optimal epitope was
defined as the peptide that could sensitize targets for 50% of
maximal recognition by CD81 T cells at the lowest peptide
concentration. The 9-mer KEKGGLEGL was confirmed as the
optimal HIV-1 CTL epitope recognized by this subject in the
standard 51Cr release assay (Fig. 1d). Furthermore, the Elispot
assay was repeated using the peptide-specific CD81 T-cell
clones instead of uncultured PBMC, leading to the same result
(Fig. 1e). Peptide-specific responses to the optimal epitope
were lost at a higher peptide concentration in the Elispot assay
than in the 51Cr release assay. However, the peptide concen-
tration at which targets were sensitized for 50% of maximal
recognition by CD81 T cells could be lowered in the Elispot
assay by increasing the number of cells used per well, but not
in the 51Cr release assay (data not shown), suggesting method-
ical differences between the assays and not functional differ-
ences between IFN-g production and cytotoxicity. The advan-
tage of the Elispot assay was that a significantly lower number
of CD81 T cells was required (500 to 1,000 T cells per well
compared to 100,000 T cells per well in the 51Cr release assay).
Furthermore, no B-cell lines were required as targets in the Eli-
spot assay, even when CTL clones alone were incubated with
peptide.

After fine mapping of the optimal CTL epitope, the HLA
restriction of this response was determined on peptide-specific
T-cell clones using both the 51Cr release assay and, indepen-
dently, the Elispot assay. Both assays showed that the CTL
response against the Nef epitope KEKGGLEGL is HLA-B60
restricted (Fig. 1f). In contrast, definition of the HLA restric-
tion for KEKGGLEGL was not possible using PBMC, as a
high, non-peptide-specific release of IFN-g was induced when
PBMC were incubated either with allogeneic, partially HLA-
matched B cells or even with autologous EBV-transformed B

cells, irrespective of whether these cells were pulsed with pep-
tide (data not shown).

Characterization of two additional HLA-B60-restricted op-
timal HIV-1 CTL epitopes by both Elispot and 51Cr release
assay. Using the approach described above, two further novel
HLA-B60-restricted CTL epitopes in p17 (IEIKDTKEAL)
and RT (IEELRQHLL) were identified in subject 166j (Fig.
2). As before, the use of peptide truncations in the Elispot
assay allowed the prediction of the two optimal epitopes using
PBMC, without any prior in vitro expansion or cloning by
limiting dilution (Fig. 2a and b). The optimization of these two
epitopes was confirmed with CD81 T-cell clones in both the
51Cr release assay (Fig. 2c and d) and the Elispot assay (Fig. 2e
and f). Again, in the 51Cr release assay the optimal peptide was
recognized at a lower concentration than that in the Elispot
assay; however, a much higher number of clonal CD81 T cells
were required. Only target cells expressing HLA-B60 could
present these peptides for recognition by the CTL clones, and
hence both responses were HLA-B60 restricted (data not shown).

Identification of two further novel HLA-B60-restricted CTL
epitopes in subject 161j. The HIV-1-specific CTL responses in
a second subject, 161j, were analyzed in the same way. CTL
from this subject recognized the novel HLA-B60-restricted
epitopes in p17Gag, RT, and Nef that were described above for
subject 166j (data not shown), as well as additional novel HLA-
B60-restricted CTL epitopes in p24Gag (SEGATPQDL) and
gp41Env (QELKNSAVSL) (Fig. 3). Once again, the optimal
sequences of these epitopes were all reliably predictable using
PBMC incubated with truncations of the optimal epitope in an
Elispot assay (Fig. 3a and b), and the HLA restriction was
subsequently determined using peptide-specific T-cell lines
(data not shown).

Recognition of HLA-B60-restricted epitope peptide by HLA-
B61-positive subjects. Previous studies have shown that similar
HLA class I molecules may present the identical peptides as
CTL epitopes (16, 17, 41). Since the common forms of HLA-
B60 (B*4001) and HLA-B61 (B*4002) differ by only 8 amino
acids in total (1, 39) and the established peptide binding motifs
of these two closely related alleles are also similar (15), two
subjects with HLA-B61 (3134f and 3572i) were also analyzed
for their responses to the peptides that had been established
above as HLA-B60-restricted CTL epitopes. In both subjects,

TABLE 2. Responses detected in Elispot assays of PBMC from subjects 166j and 161j

Patient Overlapping
peptide

Amino acid sequence of
overlapping peptide

Dependence
of response

Amino acid sequence
of optimal CTL

epitope

HLA restriction of
optimal CTL

epitopeCD8 CD4

166j (A3/2 B14/60 Cw3/8) p17-9a YCVHQRIEIKDTKEAL 1 2 Not described
p24-17 FRDYVDRFYKTLRAEQASQD 1 2 DRFYKTLRA B14
RT-40 HRTKIEELRQHLLRW 1 2 Not described
gp41-8 LQARILAVERYLKDQQL 1 2 ERYLKDQQL B14
Nef-8 PQVLRPMTYKAAVDLSHFL 1 2 QVPLRPMTYK A3

KAAVDLSHFL Cw8
Nef-9 KAAVDLSHFLKEKGGLEGLI 1 2 KAAVDLSHFL Cw8
Nef-10 KEKGGLEGLIHSQRRQDILDL 1 2 Not described

161j (A2/3 B7/60 Cw3/7) p17-8 GSEELRSLYNTVATL 1 2 SLYNTVATL A2
p17-9a YCVHQRIEIKDTKEAL 1 2 Not described
p24-4 AFSPEVIPMFSALSEGATPQ 2 1 Not described
p24-5 SALSEGATPQDLNTMLNTVG 1 2 Not described
RT-40 HRTKIEELRQHLLRW 1 2 Not described
gp41-31 KYCWNLLQYWSQELKNSAVSL 1 2 Not described
gp41-36 HIPRRIRQGLERALL 1 2 IPRRIRQGL B7
Nef-10 KEKGGLEGLIHSQRRQDILDL 1 2 Not described
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FIG. 1. Definition of an HLA-B60-restricted novel epitope in Nef. The subject studied was 166j (HLA A3/2 B14/60 Cw3/8). (a) Recognition of 3 of 20 20-mer
overlapping peptides spanning Nef in the Elispot assay. Frequency of responses is expressed as SFC per million PBMC. (b) CD81 T-cell dependence of the response
toward Nef-10 demonstrated in the Elispot assay following CD4-CD8 enrichment or depletion. Frequency of IFN-g-producing cells is expressed as SFC per million
input cells. (c) Titration curves using PBMC in an Elispot assay mixture incubated with serial dilutions of peptides as shown. (d) Titration curves using CTL specific
clones in a standard chromium release assay; the peptides (and symbols) are the same as shown in panel c. (e) Titration curves using the CTL clones employed in panel
d but in an Elispot assay, incubated with the same peptides as shown in panels c and d. (f) Determination of HLA restriction using CTL clones in an Elispot assay
(hatched bars) and in a chromium release assay (solid bars). Targets either were pulsed with no peptide (2) or were pulsed with peptide KEKGGLEGL (1). The HLA
class I types of the targets used were A2/3, B7/60, and Cw3/7; A3/2, B7/2, and Cw7/2; A28/29, B14/44, and Cw5/8; and A34/68, B57/71, and Cw3/7 (matching HLA
class I alleles are shown in boldface).
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strong responses against the p24Gag epitope (SEGATPQDL)
and the p24Nef epitope (KEKGGLEGL) were observed (Table
3).

Frequency of recognition of HLA-B60-restricted HIV-1 CTL
epitopes. In order to determine the frequency of recognition of
these novel HLA-B60-restricted CTL epitopes, PBMC from
six additional HIV-1-infected subjects with HLA-B60 were
screened by Elispot assay for recognition of these epitopes
(Table 3). In all individuals, responses against at least one of
these epitopes were detectable (median, two; range, one to
three). The Nef epitope KEKGGLEGL was recognized by all
subjects and was the immunodominant HLA-B60-restricted
epitope overall in six of eight of the HLA-B60-positive subjects

tested. For two subjects, 166j and PSL002, longitudinal sam-
ples beginning from the time of primary HIV-1 infection were
analyzed. Interestingly, in both subjects CTL responses direct-
ed against the HLA-B60-restricted Nef epitope were recog-
nized prior to (subject 166j) or at the time of (subject PSL002)
HIV-1 seroconversion and earlier than the responses against
other HLA-B60-restricted epitopes, which were developed
later during the course of HIV-1 infection (data not shown). In
subject PSL002, the HLA-B60 epitopes were the only recog-
nized CTL epitopes described for his HLA type, and in subject
166j, two more B14-restricted epitopes in p24Gag and gp41Env

were recognized prior to seroconversion. These findings pro-
vide further evidence for the dominant role of the HLA-

FIG. 2. Definition of novel HLA-B60-restricted CTL epitopes in p17Gag (a to c) and RT (d to f). The subject studied was 166j (HLA A3/2 B14/60 Cw3/8). (a and
d) Titration curves of truncated peptides using PBMC in an Elispot assay. (b and e) Titration curves using peptides in panels a and d, respectively, in chromium release
assays using peptide-specific CTL clones and autologous B-cell line targets. (c and f) Titration curves using peptides in panels a and d, respectively, incubated in Elispot
assays with the respective CTL clones.
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B60-restricted Nef epitope within the newly defined HLA-
B60-restricted CTL epitopes.

DISCUSSION

This study focuses on previously undescribed HLA-B60-re-
stricted HIV-1-specific CTL responses. Five novel epitopes,
located in p17Gag, p24Gag, RT, gp41Env, and Nef, were defined.
The hierarchy of these responses was determined in eight sub-
jects, showing that the B60-Nef peptide was the immunodom-
inant HLA-B60-restricted epitope in six of these eight persons.
Two subjects who did not express HLA-B60 but who expressed
the closely related allele HLA-B61 also showed recognition of
epitopes that were defined in the HLA-B60-positive subjects.
Finally, the Elispot assay was established as a rapid and effi-
cient method of fine mapping CTL epitopes that has consid-
erable advantages over limiting-dilution assay-based methods.

A median of two (range, one to five) of the five new HLA-

B60-restricted CTL epitopes was recognized by eight HIV-1-
infected subjects expressing the corresponding HLA class I
molecules. Remarkably, the HLA-B60-restricted Nef epitope
was recognized by PBMC of all eight individuals and was the
strongest HLA-B60-restricted CTL response in six of them.
CTL responses against the HLA-B60-restricted Nef epitope
developed early during primary HIV-1 infection, as indicated
by longitudinal studies with two subjects from the time of
HIV-1 seroconversion, and contributed strongly to the total
HIV-1-specific CTL responses in these two subjects (data not
shown). Taken together, this indicates a dominant role of the
Nef epitope within the HLA-B60-restricted CTL response in
chronic infection and at least in the two subjects studied lon-
gitudinally during acute infection.

Presentation of identical epitopes by closely similar HLA
class I molecules has been well described previously (3, 11, 12,
17, 41). In view of the close sequence similarity between the
common forms of HLA-B60 (B*4001) and HLA-B61 (B*4002)

FIG. 3. Recognition of novel HLA-B60-restricted CTL epitopes in p24Gag and gp41Env. The subject studied was 161j (HLA A2/3 B7/60 Cw3/7). (a) Incubation of
PBMC with peptide truncations of p24Gag peptide SEGATPQDL in an Elispot assay as shown. (b) Incubation of PBMC with peptide truncations of gp41 peptide
QELKNSAVSL in an Elispot assay as shown.

TABLE 3. Frequency of responses to HLA-B60-restricted epitope peptides in eight subjects with HLA-B60 and two subjects with HLA-B61a

Subject Viral load Antiviral treatment
CTL response (SFC/million PBMC)

B60-p17 B60-p24 B60-RT B60-gp41 B60-Nef

166j ,50 1 PI, 2 NRTI 680 0 500 0 940
161j ,50 No treatment 420 540 120 980 520
PSL002 240,965 No treatment 320 0 0 0 600
3220a ,50 1 PI, 2 NRTI 0 0 0 0 100
3549j ,50 1 PI, 2 NRTI 180 0 0 0 250
321d ,50 1 PI, 2 NRTI .1,000 0 190 0 360
019-TCH 3,540 1 NRTI 0 0 0 75 1,150
013-57i 2,000 No treatment 140 0 0 0 740
3134f ,50 1 PI, 2 NRTI 0 70 0 0 .1,500
3572i 850 No treatment 0 520 0 0 620

a For each subject, viral load (copies of HIV-1 RNA per milliliter) and treatment (protease inhibitor [PI] and nucleoside RT inhibitor[s] [NRTI]) at the time of study
are shown.
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(1, 39) and between the peptide binding motifs of these two
closely related alleles (15), the epitopes that were defined in
the HLA-B60-positive subjects were also tested for recogni-
tion using PBMC from two subjects expressing HLA-B61. Re-
sponses to two of the five HLA-B60-restricted epitopes in
p24Gag and Nef were also observed at high levels in these
HLA-B61-positive subjects. It is noteworthy that the common-
est HLA-B61 subtype in Caucasians is HLA-B*4002, as it is in
the Southeast Asian populations where HLA-B61 is highly
prevalent (2, 34, 36).

It is well established that single amino acid changes within
epitopes can abrogate CTL recognition (5, 14, 18, 20, 32, 38).
A comparison of the novel HLA-B60-restricted B-clade CTL
epitope sequences described above was therefore made with
the corresponding C- and E-clade sequences that would be
relevant in India and Southeast Asia where B60 and B61 are
highly prevalent (Table 4). These epitope sequences showed
some cross-clade variations, but significantly, the primary an-
chor residues in positions 2 (P2) and at the C terminus (PC)
were highly conserved. This implies that in C-clade or E-clade
HIV-1 infection HLA-B60- and -B61-restricted CTL responses
were likely to be generated towards these specificities.

The alignment of the novel HLA-B60-restricted HIV-1-spe-
cific CTL epitopes with previously described hepatitis C virus
(HCV)-specific and EBV-specific CTL epitopes (28, 35, 44)
showed a very restricted usage of amino acids at the primary
anchor position 2 (P2) and at the C terminus (PC) (Table 5).
In 10 of 10 described HLA-B60-restricted CTL epitopes, the
medium-sized hydrophobic residue Leu was present at PC, and
in 10 of 10 epitopes the negatively charged Glu residue was
situated at P2. The single exception was the HCV core epitope
(28), which presented an uncharged polar Gln in this position.
The anchor residues were consistent with the peptide binding
motif of HLA-B60 that has been defined by peptide elution
from HLA-B60 (15). The association between the peptide
binding motif determined by peptide elution and the amino
acid sequence of the actual CTL epitopes is not always as
strong (19), suggesting that very few residues other than Glu at
P2 and Leu at PC can be tolerated in HLA-B60 binding motifs.
Similarly, B61 binding peptides appear to require Glu at P2
(14). In contrast, while the HLA-B61 binding motif (15) sug-
gests a strong preference for Val in the PC anchor position,
from the sequencing of particular eluted peptides (14) and
from the recognition of B60 binding peptides shown above,
evidently Ala, Leu, and Ile can also be accommodated in ad-
dition to Val at this position in peptides binding effectively to
HLA-B61.

The newly defined HLA-B60-restricted epitopes appeared
to play a major role in the total HIV-1-specific CTL responses
in the studied individuals. In six subjects for whom sufficient
cells enabled the analysis to be undertaken, CTL responses
directed against the B60-restricted epitopes contributed on

average 48% (range, 30 to 100%) of the total CTL responses
directed against p17Gag, p24Gag, and Nef, representing in sev-
eral cases the only detectable CTL response directed against
some of these regions of HIV-1 (Fig. 4). How far antiretro-
viral treatment may have affected the hierarchy of detected
immune responses could not be addressed from this study, but
previous studies of the kinetics of HIV-1-specific CTL re-
sponses after the initiation of antiretroviral treatment showed
that CTL responses decline after initiation of treatment but
that the hierarchy of the CTL responses is maintained (27;
M. A. Altfeld, E. S. Rosenberg, R. L. Eldridge, P. J. R. Goul-
der, and B. D. Walker, unpublished data). For reasons that
remain unclear, important differences exist between different
HLA alleles in their contribution to the total HLA-restricted
CTL response against HIV-1 (5). This may be important in the
association of slow and rapid disease progression with different
HLA class I molecules (9, 13, 17, 23, 29, 30). It will be useful
to extend these comparisons to cover the total HIV-specific
CTL response for each of the commonly occurring HLA class
I molecules. An approach based on the Elispot assay now
makes such an undertaking quite feasible.

The value of the Elispot assay in enabling novel CTL epi-
topes to be rapidly fine mapped and their contribution to the
total antiviral CTL response to be estimated quickly and effi-
ciently is illustrated in these studies. The chief advantages of
the Elispot assay over limiting-dilution assay-based methods to
define CTL epitopes are the reduction of time taken, the more
restricted need for work with radioactive material, and the
smaller amount of cells necessary to define novel responses.

TABLE 5. HLA-B60 and HLA-B61 peptide binding motifs
and alignment of 10 defined HLA-B60-restricted

virus-specific CTL epitopes

HLA-B60 Sequencea Reference

Peptide binding motif 12345678 C 14
- E------ L

V
I

HCV core GQIVGGVYL 26
HCV E2 (530–539) GENDTDVFVL 43
HCV E2 (654–662) LEDRDRSEL 43
HCV NS5A (2152–2160) HEYPVGSQL 43
EBV LMP2 (200–208) I EDPPFNS L 33
HIV-1 p17 (92–101) I EIKDTKEAL
HIV-1 p24 (176–184) SEGATPQDL
HIV-1 RT (369–377) I EELRQHL L
HIV-1 gp41 (810–819) QELKNSAVSL
HIV-1 Nef (92–101) KEKGGLEGL

a Primary anchors are indicated by boldface. Secondary anchors are indicated
by underlining.

TABLE 4. Comparison of the novel B60- and B61-restricted B-clade CTL epitope sequences with
the corresponding C- and E-clade sequences

Protein
Clade B Clade C Clade E

Sequence % Conservationa Sequence % Conservationa Sequence % Conservationa

p17 IEVKDTKEAL 65 (71) IEVRDTKEAL 72 (89) IEVKDTKEAL 100 (100)
p24 SEGATPQDL 100 (100) SEGATPQDL 100 (100) SEGATPQDL 100 (100)
RT IEELRQHLL 86 (100) IEELRAHLL 100 (100) IEELREHLL 59 (100)
gp41 QELKNSAVSL 59 (98) LELKKSAISL 60 (100) QELKISAISL 75 (100)
Nef KEKGGLEGL 82 (100) KEKGGLEGL 76 (91) KEKGGLDGL 54 (96)

a Conservation within the anchor positions P2 and PC is indicated in parentheses.
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This approach is thus much more rapid and much less labor-
and cost-intensive. The only difficulty that could not be over-
come in the definition of the novel CTL epitopes in the Elispot
assay using PBMC was the failure to determine HLA restric-
tion. The generation of CTL clones or peptide-specific lines
enabled the HLA restriction to be determined, but this re-
mains a laborious and time-consuming process. Recent studies
using PBMC incubated with peptide-pulsed HLA-matched B-
cell lines and stained for intracellular IFN-g production prior
to flow cytometric analysis have overcome the problem of high
background that obscures determination of the HLA restric-
tion in corresponding Elispot assays (P. J. R. Goulder, M.
Addo, Y. Tang, K. Annamalai, M. G. Hammond, M. Bunce,
E. S. Rosenberg, and B. D. Walker, unpublished data). Thus,
a combination of the Elispot assay to fine map the epitope and
intracellular cytokine staining assays to determine the HLA
restriction and CD8 dependence of the response can now po-
tentially enable novel epitopes to be defined within 48 h of
receiving fresh blood from a previously unstudied subject. Al-
though these assays do not address the cytotoxic functionality
of the antigen-specific CD81 T cells whose epitope specificities
are defined, the advantage of these methods in their accessi-
bility to laboratories in developing countries at the center of
the global epidemic is self-evident.

In conclusion, this study describes the rapid identification of
five novel HLA-B60-restricted CTL epitopes in HIV-1. These
CTL epitopes were frequently recognized in HIV-1-infected
individuals expressing HLA-B60 or the closely related allele
HLA-B61 and contributed importantly to the total antiviral
Gag- and Nef-specific CTL response in these subjects. The
relevance of these responses to vaccine research will be depen-
dent on future studies analyzing the impact of these responses
on HIV-1 disease. The more rapid and cost-effective charac-
terization of CTL epitopes by Elispot assay significantly eases
the identification of new CTL epitopes and will help to provide
further insights into the dynamic interaction between HIV-1
and the cellular immune system.
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