
JOURNAL OF VIROLOGY,
0022-538X/00/$04.0010

June 2000, p. 5291–5299 Vol. 74, No. 11

Copyright © 2000, American Society for Microbiology. All Rights Reserved.

HLA-B57-Restricted Cytotoxic T-Lymphocyte Activity in a
Single Infected Subject toward Two Optimal Epitopes, One of

Which Is Entirely Contained within the Other
PHILIP J. R. GOULDER,1,2* YANHUA TANG,1 STEPHEN I. PELTON,3 AND BRUCE D. WALKER1

Partners AIDS Research Center, Massachusetts General Hospital and Harvard Medical School, Charlestown,
Massachusetts 02129,1 Division of Infectious Diseases, The Children’s Hospital, Boston, Massachusetts 02115,2

and Section of Pediatric Infectious Diseases, Boston Medical Center, Boston, Massachusetts 021183

Received 24 November 1999/Acepted 29 February 2000

Viral peptides are recognized by cytotoxic T lymphocytes (CTL) as a complex with major histocompatibility
complex (MHC) class I molecules, but the extent to which a single HLA allele can accommodate epitope
peptides of different length and sequence is not well characterized. Here we report the identification of clonal
CTL responses from the same donor that independently recognize one of two HLA-B57-restricted epitopes,
KAFSPEVIPMF (KF11; p24Gag residues 30 to 40) and KAFSPEVI (KF8; p24Gag residues 30 to 37). Although
lysis studies indicated that the KF11 peptide stabilized the HLA-B57-peptide complex more efficiently than the
KI8 peptide, strong clonal responses were directed at each epitope. In samples from a second donor, the same
phenomenon was observed, in which distinct CTL clones recognized peptide epitopes presented by the same
HLA class I allele (in this case, HLA-A3) which were entirely overlapping. These data are relevant to the
accurate characterization of CTL responses, which is fundamental to a detailed understanding of MHC class
I-restricted immunity. In addition, these studies demonstrate marked differences in the length of peptides
presented by HLA-B57, an allele which is associated with nonprogressive human immunodeficiency virus
infection.

Cytotoxic T lymphocytes (CTL) play a central role in the
control of chronic viral infections such as AIDS virus infection
(30). However, the generation of high numbers of CTL alone
does not necessarily confer protection against disease. Studies
in lymphochoriomeningitis virus infection of mice have shown
very persuasively that there are differences in the effectiveness
with which particular CTL clear virus and, indeed, that immu-
nodominant CTL are not necessarily the most effective (11).
Strikingly, substantial numbers of CTL which can be stained by
peptide-major histocompatibility complex (MHC) tetramers
may be unable to elaborate the normal effector functions of
cytotoxicity or cytokine release in response to the appropriate
antigenic stimulus (12, 36). Likewise, in human viral infections,
ample evidence has accumulated which demonstrates that
CTL differ in their effectiveness. Numerous studies have iden-
tified differences in outcome which are associated with the
presence or absence of particular HLA molecules (7, 14, 20,
22, 24, 25). The possible mechanism by which HLA class I
molecules might influence speed to progression is unclear.
Potential explanations include that the particular human im-
munodeficiency virus (HIV)-specific epitopes presented by in-
dividual class I molecules may be of significance either by
virtue of sequence conservation or due to the binding affinity of
the peptide to the MHC molecule.

Thus, descriptions of CTL numbers which collectively rec-
ognize unspecified epitopes within given proteins may inade-
quately represent the magnitude of the clonal CTL response.
Understanding the role played by CTL in these different cir-
cumstances depends first on the precise definition of the HLA

class I restriction of the principal responses and of the optimal
epitopes which are recognized. In this way, these CTL re-
sponses may be studied using the most sensitive reagents avail-
able, enzyme-linked immunospot (Elispot) and peptide-MHC
tetramer assays (2, 27). A second major advantage in precise
epitope definition is in the induction of CTL responses using
peptides. The therapeutic option offered by infusions of autol-
ogous dendritic cells pulsed with optimal epitope peptides is
fast becoming a reality (10), and use of the optimal peptide, as
opposed to a suboptimal, longer peptide, is likely to be more
effective in inducing strong CTL responses, since suboptimal
peptides generally bind with lower affinity (8).

A complication in the precise definition of CTL activity is
that epitopes are clustered together into regions within pro-
teins of high immunogenicity, and very similar peptides which
differ by only a few amino acids are recognized by distinct CTL
clones (5, 13a). The phenomenon of different MHC class I
alleles competing for presentation of overlapping viral
epitopes has been suggested to play a role in determining the
immunodominance of the CTL response (31). For example, an
HLA-B8-restricted influenza virus nucleoprotein-specific
epitope ELRSRYWAI entirely overlaps the HLA-B*2702-re-
stricted epitope LRSRYWAI. In one person studied, who ex-
pressed both B8 and B27, it appeared that B8 and B27 com-
peted for a common peptide fragment in the endoplasmic
reticulum. This led to suboptimal loading of HLA-B8 and
consequently to failed presentation of the B8 epitope peptide.

In the studies described below, two distinct HLA-B57-re-
stricted HIV-specific CTL epitopes, which also completely
overlap, are defined by using CTL clones from the same donor.
One is the 8-mer KAFSPEVI, p24Gag residues 30 to 37, a novel
epitope, and the second is the previously described 11-mer
epitope KAFSPEVIPMF, p24Gag residues 30 to 40 (14). Com-
parisons of the ability of these two peptides to stabilize B57-
peptide complexes show that the 11-mer, which fits the B57
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motif (4), binds considerably more stably than the 8-mer, which
does not closely conform to the peptide-binding motif. How-
ever, strong in vivo CTL responses were generated to both
peptides. Thus, even in a situation in which the same HLA
molecule is supplied in the endoplasmic reticulum with alter-
native peptides which overlap entirely in sequence and which
differ greatly in their ability to stabilize the peptide-MHC com-
plex, these B57 molecules can be adequately loaded with the
weakly binding epitope to induce strong CTL responses.

MATERIALS AND METHODS

Subjects studied. The two donors described were both infected by HIV-1 via
mother-to-child transmission. Donor 026-BMC is a healthy, 9-year-old Hispanic
child. At the time of study, he was receiving antiretroviral therapy of d4T, 3TC.
His most recent viral load was 1,261 RNA copies per ml of plasma, and his most
recent absolute CD4 count was 681 3 109/liter. Donor 021-BMC is a healthy,
14-year-old African-American child. His antiretroviral therapy at the time of
study was also d4T and 3TC. His most recent viral load was 11,850/ml, and the
absolute CD4 count was 650 3 109/liter. Fresh peripheral blood mononuclear
cells (PBMC) were isolated by Ficoll-Hypaque (Sigma, St. Louis, Mo.) density
gradient centrifugation. HLA typing was performed by SSP-PCR (6). The class
I HLA type of 026-BMC was HLA A3/—B42/57 Cw7/17 and that of 021-BMC
was A3/3001 B42/— Cw17/—.

Peptides. Twenty-two 20-mer peptides spanning the p24Gag protein, each
overlapping by 10 amino acids the previous peptide in the panel (NIBSC Cen-
tralized Facility for AIDS Reagents, supported by EU Program EVA and the
United Kingdom Medical Research Council), were used to screen for p24Gag-
specific CTL responses in Elispot assays. A similar panel of 24 15-mer peptides,
each overlapping by 10 amino acids, were used to screen for CTL responses
within p17Gag. Shorter peptides were synthesized on a Synergy peptide synthe-
sizer (432A; Applied Biosystems, Foster City, Calif.) using conventional F-moc
chemistry. All peptides were analyzed for purity by reverse-phase high-pressure
liquid chromatography. Peptides in all cases were .80% pure.

Elispot assays. Fresh PBMC were plated in 96-well polyvinylidene plates
(Millipore, Bedford, Mass.) which had been precoated with 0.5 mg of anti-gamma
interferon (IFN-g) monoclonal antibody (MAb) 1-DIK (Mabtech, Stockholm,
Sweden). PBMC were added at 50,000 cells per well in a volume of 180 ml, and
the peptides were added in a volume of 20 ml. The end concentration of the
peptides was 10 mM. The plates were incubated overnight at 37°C in 5% CO2 and
washed with phosphate-buffered saline (PBS) before addition of the second,
biotinylated anti-IFN-g MAb, 7-B6-1 biotin (Mabtech) at 0.5 mg/ml and incu-
bated at room temperature for 100 min. Following six washes, streptavidin-
conjugated alkaline phosphatase (Mabtech) was added at room temperature for
40 min. Individual cytokine-producing cells were detected as dark spots after a
20-min reaction with 5-bromo-4-chloro-3-indolyl phosphate and nitroblue tetra-
zolium using an alkaline phosphatase conjugate substrate (Bio-Rad, Richmond,
Calif.). The number of specific T cells was calculated by substracting the negative
control values. The background was less than 40 T cells per 106 PBMC (2
spots/well at 50,000 PBMC/well). Assays were repeated using lower input num-
bers of cells and in quadruplicate in order to quantitate responses to individual
peptides more accurately.

Generation of CTL clones. CTL clones were generated using methods previ-
ously described (33). In brief, PBMC were plated out in 96-well plates at limiting
dilution (100 to 10 cells/well) and cultured with irradiated allogeneic feeder
PBMC at 50,000 cells/well in a final volume per well of 200 ml of R10 medium
(RPMI 1640 [Sigma] with 10% fetal calf serum [Sigma], 10 mM HEPES buffer
[Sigma], antibiotics, 2 mM L-glutamine, 50 U of penicillin-streptomycin per ml).
The anti-CD3 MAb 12F6 was added at 100 mg/ml. On day 5 and once weekly
thereafter, the medium was changed with R10 medium containing 50 U of
recombinant interleukin 2 (IL-2) per ml. Clones were screened for specific
recognition of HLA-matched, peptide-pulsed, chromium 51 (New England Nu-
clear, North Billerica, Mass.)-labeled Epstein-Barr virus (EBV)-transformed B
lymphoblastoid cell line (B-LCL) target cells after 21 to 28 days in culture. The
contents of wells showing high specific recognition of the relevant peptide were
then transferred to 24-well plates and restimulated as above, except that 106

feeders and recombinant IL-2 were added to each well. Expanded wells were
then retested for lytic activity from 14 days of culture onwards and maintained in
culture by monthly restimulations as described above.

Chromium release assays and peptide-MHC stabilization assay. Effector cells
were tested for recognition of peptide-pulsed EBV-transformed B-LCL in stan-
dard 51Cr release assays (34). In these standard assays, target cells were incu-
bated with peptide for 1 h prior to being washed thrice and then utilized imme-
diately in the assay. In the peptide-MHC stabilization assays, as previously
described (13), target cells were initially prepared in the same way, by pulsing
with 1025 M peptide. However, the thrice-washed targets were not used imme-
diately but remained incubating at 37°C in 5% CO2 for between 1 and 78 h
before the chromium release assay began.

RESULTS

Identification of two distinct CTL responses within the same
p24Gag 20-mer, NAWVKVIEEKAFSPEVIPMF. Screening of
CTL responses to p24Gag using PBMC from donor 026-BMC
(HLA class I type A3/— B42/57 Cw7/17) showed that two
20-mer peptides out of the panel of 22 tested were recognized
in an Elispot assay. One of the two major responses was di-
rected towards the 20-mer p24.3 (NAWVKVIEEKAFSPEV
IPMF; p24Gag residues 21 to 40). Repeating the assay using
two 15- to 16-mer overlapping peptides contained within the
20-mer p24.3, the major response was observed towards the
15-mer KVIEEKAFSPEVIPMF (.1,000/106 PBMC). An ad-
ditional response which was not characterized further was de-
tected towards the 16-mer NAWVKVIEEKAFSPEV (760/106

PBMC).
Clones were generated from the PBMC, and 10 clones

showed recognition of the 15-mer KVIEEKAFSPEVIPMF.
However, comparing recognition by these clones of the 13-mer
VKVIEEKAFSPEVI (KI13) and the 11-mer KAFSPEVIPMF
(KF11), a previously defined HLA-restricted B57-restricted
optimal CTL epitope (14), 5 of 10 recognized only the 11-mer
and 5 of 10 clones recognized both the 13-mer and 11-mer
peptides (six representative clones are shown in Fig. 1A).
These assays were repeated using six EBV-transformed B-LCL
target cell lines matched through only one HLA class I mole-
cule, and both sets of clones recognized the peptides only when
presented by two different sets of target cells matched only
through HLA-B57 (HLA restriction is demonstrated in Fig.
1B). Since the effector cells did not express HLA-Cw6, which
is often found in linkage disequilibrium with B57 (9), these
responses were clearly defined as B57 restricted. Peptide-
pulsed HLA-mismatched targets were not lysed by these clones
(not shown).

Fine mapping of a novel HLA-B57-restricted CTL epitope.
The five clones which recognized KF11 but not KI13 did not
see peptide truncations of KF11 except at concentrations of
1026 M or above, whereas similar levels of lysis were observed
using 1/1,000 the concentration of KF11 (Fig. 2A and B). Thus,
these five clones were specific for the previously optimized
epitope KF11 (p24Gag residues 30 to 40). The other five clones
were specific for the 8-mer KAFSPEVI (KI8; p24Gag residues
30 to 37), since longer peptides did not improve sensitization of
target cells for lysis and peptides such as AFSPEVIPMF and
KVIEEKAFSPEV, which did not contain the critical residues
at the N- or C-terminal positions of the 8-mer, were recognized
very poorly (Fig. 2A and C). Comparison of the affinity of the
KF11- and KI8-specific clones for the respective cognate pep-
tide-MHC complex as described by peptide titration curves
consistently showed that the KF11-specific clones needed ap-
proximately 1/10 the peptide concentrations required by the
KI8-specific clones for equivalent lysis (Fig. 2D; values are
representative of three similar assays).

Instability of the KI8-B57 complex compared with KF11-
B57 complex. Six previously defined HLA-B57-restricted CTL
optimal epitopes (14, 26) and 14 peptides eluted from B57
molecules (4) were peptides 9 to 11 amino acids in length, each
containing a large hydrophobic residue, either tryptophan or
phenylalanine, at the C terminus. Thus, it was surprising that
an 8-mer containing a medium-sized hydrophobic residue (iso-
leucine) in the C-terminal position should also represent an
HLA-B57-restricted epitope. In order to test whether the KI8
peptide pulsed onto target cells remained bound for CTL rec-
ognition for days on the target cells, as would be expected for
typical optimal epitope peptides (13, 15, 18), or only for a
matter of hours, target cells were pulsed with saturating con-
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FIG. 1. (A) Patterns of recognition of peptides KI13 (KVIEEKAFSPEVI) and KF11 (KAFSPEVIPMF) by six representative CTL clones derived from donor
026-BMC. The peptide concentration was 100 mM, the effector-target cell (E:T) ratio in each case was 5:1, and the target cells were autologous EBV-transformed B
cells (B-LCL). (B) Pattern of recognition of the same peptides by the same CTL clones as in panel A but using HLA-B57-matched targets from donor 003-BMC (HLA
class I type of target cells, A23/—B45/57 Cw6/16; HLA class I type of 026-BMC CTL clones, A3/—B42/57 Cw7/17). The peptide concentration used was 10 mM, and
the E:T ratio was 5:1. There was no recognition of target cells matched through class I molecules other than B57 or of HLA-mismatched targets (data not shown).
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FIG. 2. (A) Recognition of truncations of IK13 (KVIEEKAFSPEVI) and KF11 (KAFSPEVIPMF) by four representative CTL clones. The peptide concentration
was 10 mM, the targets were B57-matched B-LCL from donor 003-BMC, and the E:T ratio was 5:1. (B) Recognition of truncations of KF11 at concentrations of peptide
of 1, 10, and 100 mM by CTL clone 1 (similar pattern of recognition was observed for clone 2; not shown). Target cells were the same as in panel A. (C) Recognition
of peptides differing by one amino acid at the N-terminal and C-terminal residues from the optimal peptide KI8 (KAFSPEVI) recognized by CTL clone 4 (a similar
pattern of recognition was observed for clone 5; not shown) using concentrations of peptide of 1, 10, and 100 mM. Target cells were as in panel A. (D) Peptide titration
curves showing specific recognition of KF11 by clone 1 and specific recognition of KI8 by clone 4. Target cells were as in panel A.
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FIG. 2—Continued.
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centrations of peptide (1025 M) for 1 h, washed thrice, and
incubated for between 1 and 78 h prior to the chromium
release assay. Lysis of targets was reduced to 0% within 18 h of
the cells’ being pulsed with 1025 M KI8, whereas little dimi-
nution in lysis by KF11-specific clones was observed even fol-
lowing 78 h of pulsing target cells with KF11 (Fig. 3A).

Frequency of CTL specific for KF11 and KI8 determined by
Elispot assay. The optimal and suboptimal peptides were uti-
lized in further Elispot assays to determine the frequency of
CTL within PBMC specific for each (Fig. 3B). The frequency

of KI8-specific cells was 692/106 PBMC (standard deviation
[SD], 63/106 PBMC), and that of KF11-specific cells was 2,442/
106 PBMC (SD, 266/106 PBMC).

Identification of two distinct CTL responses within the same
p17Gag 15-mer, WEKIRLRPGGKKKYK. Screening for CTL
responses to p17Gag overlapping peptides using PBMC from
donor 021-BMC (HLA class I type A3/3001 B42/—Cw17/—)
revealed a dominant response within this protein to the 15-mer
WEKIRLRPGGKKKYK (WK15; p17Gag residues 16 to 30), at
a frequency of .1,000/106 PBMC. Four CTL clones were gen-

FIG. 3. (A) Stabilization of peptide-B57 complexes by the peptides KF11 and KI8. Clone 1 (specific for KF11) shows recognition of KF11-pulsed targets .75 h after
peptide pulsing. Clone 4 (specific for KI8) showed recognition of KI8-pulsed target cells for ,18 h after peptide pulsing. The peptide concentration used was 10 mM.
Targets and E:T ratios were as in Fig. 2. (B) Frequency of peptide-specific responses by Elispot assay following epitope optimization using fresh PBMC. The peptide
concentration was 10 mM. Error bars show SD from the mean of four replicates for each peptide shown.
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erated which recognized this peptide, WK15, all through HLA-
A3-restricted responses (Fig. 4). Peptide-pulsed targets not
expressing HLA-A3 were not lysed by these clones (not
shown). The fine specificity of these clones was analyzed fur-
ther initially using previously defined HLA-A3-restricted CTL
epitope peptides within this region (5), namely, KIRLRPGGK
(KK9; residues 18 to 26), RLRPGGKKK (RK9; residues 20 to
28), and RLRPGGKKKKY (RY10; residues 20 to 29). None
of the four CTL clones showed recognition of the KK9
epitope. All four clones recognized the RY10 epitope. How-
ever, whereas clones 1 and 2 showed strong recognition of the
RK9 epitope, clones 3 and 4 did not recognize RK9 even at
high peptide concentrations (Fig. 1A). The optimal epitopes
recognized were, respectively, RY10 and a previously unde-
scribed HLA-A3 epitope, RLRPGGKKKYK (RK11; p17Gag

residues 20 to 30) (Fig. 1B and C). Thus, in a second subject,
clonal characterization of the CTL response revealed the pres-
ence of distinct responses to two epitopes presented by the
same HLA allele, one of which is entirely contained within the
other.

DISCUSSION
These results demonstrate that HLA-B57 can present effi-

ciently two Gag peptides for CTL recognition, one of which is
entirely contained within the other. Although one of these
peptides, KI8, bound much less effectively to the B57 molecule,
it was still apparently able to compete in vivo with the longer
peptide for binding and presentation. The detectable magni-
tude of CTL response to KI8 was lower than to KF11 (692
versus [2,442 2 692 5] 1,750 per 106 PBMC), but both were
persistently present in vivo in substantial numbers. That this is
not an isolated phenomenon is supported by the finding of a
second set of HLA-A3-restricted epitopes, one of which is
entirely contained within the other. These studies point to
differences between CTL targeting the same epitopic region
and restricted by the same HLA class I allele, which may have
important consequences for their effectiveness.

Detailed studies were performed for the HLA-B57-re-
stricted responses to further define this phenomenon. These
data illustrate that CTL responses may be induced by an
epitope, KI8, which not only shows a rapid off-rate from the
restriction element, but which also might be expected to com-
pete unfavorably with a longer peptide, KF11, which can sta-
bilize the B57-peptide complex for long periods of time. Op-
timized epitopes which are 11 amino acids in length are
relatively rare; 98 of 110 (89%) optimized HIV-specific CTL
epitope peptides listed in the HIV Immunology Database (5)
were shorter than 11 amino acids in length. One may speculate
that proteasomal cleavage and peptide transport by the trans-
porter associated with antigen presentation (TAP) might favor
delivery of KI8 into the endoplasmic reticulum, but there are
no data to support this. It appears that 8- to 12-mers are all
efficiently transported (3), nor are there data that would sug-
gest preferential cleavage of KI8 by the proteasome (29) or
transport by TAP (3). Once it has reached the surface of the
infected cell, it is evident that the duration of time in which the
KI8 peptide is able to stabilize the B57-peptide complex is,
although short, sufficient to induce specific CTL responses.

An additional possible explanation for the presence of KI8-
specific CTL would be that the KF11-B57 complexes not only
stimulate the generation of KF11-specific CTL but are also
responsible for the generation of the KI8-specific CTL. CTL
which can be induced by particular peptides but which cannot
lyse infected cells expressing those same peptides have been
described previously (19, 28).

The established peptide-binding motif for HLA-B57 (4) is con-

sistent with these data showing impaired stabilization of the B57-
peptide complex by KI8 compared with that by KF11. The large
F pocket in B57 made available by the presence of the small
serine residue at MHC position 116 can accommodate large
hydrophobic residues such as tryptophan, phenylalanine, and ty-
rosine at the C-terminal position of binding peptides. All 20 pep-
tides which were either previously identified as optimal B57-re-
stricted epitopes (14, 26) or eluted from B57 class I molecules (4)
carry one of these residues at the C-terminal anchor position.
Apart from being the only B57-restricted 8-mer described, KI8 is
therefore the only B57-restricted epitope not to carry a large
hydrophobic residue at the C-terminal position. It is theoretically
possible that the C-terminal Ile of the KI8 peptide would not
reach the F pocket but would fit, for example, in the D pocket of
the B57 peptide-binding groove, but there is no evidence for this.
Relevant crystallographic data examining the secondary structure
of 9-mer and 10-mer peptides bound to HLA-Aw68 showed that
both peptides used the same primary anchor positions tethering
the peptide to the MHC at each end of the peptide, but that the
10-mer simply bowed out from the groove compared to the more
extended 9-mer (16). However, recent studies showed that an
8-mer epitope peptide could be extended by 4 residues at the
C-terminal end and still continue to form productive peptide-
MHC complexes, whereas extensions of the 8-mer by even 1
residue at the N-terminal end of the peptide rendered it unable to
bind (21).

Having identified CTL which are specific for a peptide which
has a very rapid off-rate from the presenting MHC class I mole-
cule, we faced the question of whether these CTL are indeed
effective in vivo in killing virus-infected cells. Other CTL epitopes
have been defined which, when subjected to scrutiny, appear to
operate only at very high concentrations of peptide (17, 23, 32).
Clearly, from the point of view of vaccine design, it is vital to be
aware of which CTL specificities are effective in terms of control-
ling viremia. Assays comparing inhibition of viral replication (35)
by different CTL clones are currently being undertaken in this
laboratory (Goulder et al., unpublished data).

The second point which is illustrated by these studies relates
to CTL enumeration by peptide-MHC tetramers and Elispot
assays. In this instance, use of the longer peptide KF11 in the
high concentrations used in the Elispot assays (1025 M), or
within a B57-KF11 tetramer complex, would be likely to detect
KI8-specific cells in addition to KF11-specific cells (Fig. 2D).
Thus, in the instance illustrated (Fig. 3B), the calculation of
number of KF11-specific CTL per 106 PBMC is likely to rep-
resent an overestimate in this instance by approximately 40%.
This is clearly of less importance than if the peptide being used
to test for the dominant response is the shorter peptide KI8,
which is not recognized even at high concentrations by the
KF11-specific CTL. In this instance, the error would underes-
timate the true frequency of KF11-specific CTL by .70%.

This situation, in which dominant CTL responses are missed
altogether by use of an epitope peptide which is shorter than
the actual epitope recognized, is less of a problem when over-
lapping peptides are used in conjunction with “optimized”
peptides in screening assays. Use of the inappropriate peptide-
MHC tetramer similarly may potentially altogether miss a re-
sponse which dominates the antiviral CTL activity. Recent
optimization of the Mamu-A*01-restricted p27Gag-specific
epitope (1) illustrated the point in which the majority of CTL
clones recognized the peptide CTPYDINQM (CM9), while a
minority of clones were specific for the 10-mer peptide CTPY
DINQML (CL10). The CL10-specific clones showed no rec-
ognition of the 9-mer, and thus it is very unlikely that these clones
would have been detected by CM9-Mamu-A*01 tetramers.

In relation to vaccine design, it is probable that processing of
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the longer epitope (that is, CL10, KF11, and RK11 in the
examples described above) would enable CTL responses to be
generated to both the longer and the shorter epitopes (that is,
CM9, KI8, and RY10). However, the converse clearly would be
unlikely to apply. In instances in which CTL specific for the
longer peptide were particularly effective in killing virus-in-
fected cells, it would be important to include the longer
epitope within the vaccine construct.

A final consideration relates to the possible mechanism by
which particular HLA molecules may owe their association
with rapid or slow progression to disease (7, 14, 20, 22, 24, 25).
In the case of HLA-B57, these studies raise the possibility that
the wide diversity of peptides may be accommodated as B57-
binding epitopes may partially explain the association of B57
with slow progression in HIV infection which has been de-
scribed previously (14, 24, 25). It is also noteworthy that the
epitope described (KAFSPEVIPMF) shows remarkable se-
quence conservation (HIV web site http://www.hiv-lanl.gov).
Of 160 published B clade sequences, 158 are conserved in this
region. This implies that purifying selection pressure exists
against amino acid change in this epitope, presumably to main-
tain adequate viral fitness.

In conclusion, precise epitope definition is critical to de-
tailed understanding of CTL responses and the variability of
effectiveness which can be evident between CTL of different
specificities. These data challenge the frequently made as-
sumption that the optimal epitope for one CTL clone tested
necessarily represents the optimal epitope peptide for other
HLA-matched CTL clones targeting the same region, either in
the same person studied or in other HLA-matched persons
studied. Approaches to studying CTL using only published
optimized epitopes corresponding to the HLA class I type of
the subject being studied or using peptide-MHC tetramers
designed using previously described epitopes entail a signifi-
cant risk of missing important CTL responses which are present.
Further studies are needed to determine which CTL responses
are effective in the control of virus infection in order that the
appropriate CTL response be induced by vaccine constructs.
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