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Abstract

The genomic variability of HIV viruses circulating in different regions of the world has impeded the development of a globally relevant
HIV vaccine. Broadly conserved HIV-1 cytotoxic T cell (CTL) epitopes were identified by screening protein sequences in the Los Alamos
National Laboratory (LANL) HIV sequence database with a sequence parsing and matching algorithm (Conservatrix). Putative HIV-1
CTL epitopes were selected from this list using the epitope prediction tool EpiMaethods. One hundred peptides representing
putative HLA A*0201, HLA A*1101, HLA A*0301, and HLA BO7 ligands conserved in many isolates of HIV-1 were synthesized.
Seventy-five HLA 0201, HLA A*1101 and HLA B07 peptides were incubated with transport associated protein (TAP)-deficient T2
cells transfected with the gene for the corresponding human HLA molecule (HI0R@L, HLA A*1101, and HLA BO07). Binding
and stabilization of peptide—HLA complexes on the surface of the T2 cells was measured by FACS. T cell responses to the entire se
of 100 peptides (HLA A0201, HLA A*1101, HLA A*0301, and HLA B07) were measured in ELIspot assays using PBMC from
healthy HIV-1 infected subjects who possessed a matching HLA aRetelts: Fifty-seven (76%) of the 75 peptides tested in binding
studies, including all (three of three) of the control (published) ligands bound to the T2 cells expressing the corresponding MHC molecule.
Forty-three of the 100 peptides (43%) including all (four of four) of the control (published) epitopes tested in ELIspot assays stimulated
v-interferon release. Thirty-one of these 43 epitopes are novel, highly conserved HIV-1 epitopes. EpiMatrix predicted and assays confirme:
MHC-restriction by more than one HLA allele for nine of the 43 novel epitopes; of these epitopes five were recognized in the context of
MHC “supertypes” and four were promiscuous epitofemnclusion: Epitopes identified using this approach were conserved in a broad
range of HIV-1 sequences derived from isolates obtained in Latin America, Africa, Asia, the Pacific Islands, Europe and the US. The
successful identification of cross-clade epitopes by this bioinformatics approach may accelerate the development of a globally relevan
HIV-1 vaccine.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction under developmenf3]. HIV-1 subtypes or clades A, C,
and D predominate in most of sub-Saharan Africa, clade
The vast majority of the 15,000 new HIV-1 infections E (A/E) is the most prevalent in Thailar{@7], and new
that occur every day are acquired by individuals who live A/G chimeras are emerging in West Afrip4. Recent data
in developing countries, where the isolates of HIV that points to regional clusters within subtypes, such that the
are transmitted are significantly different from the iso- isolates within clade C that are circulating in South Africa
lates selected for most of the HIV-1 vaccines currently are significantly different from the isolates within clade C
that are circulating in Indi§49]. There is roughly 15-20%
"+ Corresponding author. Tel1-401-277-3654; faxi- 1-401-277-3656,  CIVET9ENCe between the nucleic acid sequences of differ-
E-mail address: annedegroot@brown.edu (A.S. De Groot). ent clades and approximately 7-12% variation within a
URL: http://tbhiv.biomed.brown.edu. clade.
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Sequence modifications at the amino acid level may af- synthesis of millions of peptides and blood samples from
fect the immunogenicity of vaccines by modifying essen- thousands of volunteers.
tial immunogenic regions, or T cell epitopes, in at least A more rapid approach to identifying highly conserved
three ways: by affecting intracellular processing of the epi- HIV-1 epitopes for a novel HIV vaccine using bioinfor-
tope, by interfering with binding (of the peptide epitope) matics tools and in vitro assays is described in this arti-
to the MHC molecule, and by interfering with binding of cle. This approach may accelerate the development of a
the MHC—peptide complex to the T cell receptor (TCR). globally accessible, globally relevant cross-clade HIV-1
Changes in amino acid sequence associated with HIV-1 di- vaccine.
versity may therefore prevent cross-clade protection against
HIV-1 challenge by T cell clones raised against clade B
vaccine constructs. This hypothesis is supported by numer-2. Methods
ous observations of viral escape from immune detection that
have been linked to amino acid substitutions in HIV-1 T 2.1. Epitope mapping
cell epitoped19,24,36] Thus, immunization with vaccines
containing epitopes derived exclusively from clade B may The entire list of HIV-1 sequences available in the
not protect against challenge by HIV-1 isolates that are di- 1997 version the Los Alamos National Laboratory (LANL)
vergent, at the epitope level, from the vaccine strain. Cur- HIV sequence database site was obtaiffeld Conserva-
rent efforts to develop and test HIV vaccines based on cladetrix, a sequence matching and counting tool that com-
B may not be relevant given the global context of the HIV pares the sequence of every 10-amino-acid-long-peptide
epidemic[14]. in the sequence database for identity with every other

One alternative to developing clade B vaccines for use in 10-amino acid sequence, was used to identify broadly
countries where non-clade B HIV-1 isolates are circulating conserved (across clades) HIV-1 epitojg6]. Conserva-
has been to derive the vaccine from isolates representingtrix can be configured to allow amino acid substitution at
other clades. Accordingly, HIV vaccines containing se- non-anchor positions. However, for this study, the program
guences from clade /25] and clade C isolatdd1] and the was configured to search for peptides based on absolute
re-engineered vaccines containing non-clade B (E) genesconservation (no amino acid substitutions at any posi-
or highly conserved genes such as gag (Vaxgen and Aven-tion). EpiMatrix, a matrix-based epitope search algorithm,
tis Pasteur)[13] are in development. However, the same was used to score the conserved ligands. The EpiMatrix
question that had been raised by critics of clade B vaccinesmethod for selecting T cell epitopes has been described
is likely to be reiterated: will these single-clade vaccines [17].
be sufficient to protect against challenge by heterologous The criteria for selecting study peptides were as follows:
HIV-1 isolates? (1) Maximum conservation and predicted immunogenicity—

Sequencing studies have now confirmed that isolatesthe 1000 most conserved peptides were derived from the
derived from many different clades circulate within each 1997 LANL database using Conservatrix, evaluated for
geographic area. For example, clade A and clade B HIV-1 potential immunogenicity by EpiMatrix, and ranked by
isolates (and numerous chimeras) are circulating in Kenya. EpiMatrix score. (2) By proportional representation among
Both clades B and A/E isolates circulate in Thailand. major HIV proteins—the number of peptides selected was
HIV-1 vaccines that include highly conserved (cross-clade proportional to the entire protein length of each of the eight
or multi-clade) T cell epitopes would, perhaps, be the most major proteins. (3) By choosing the highest scoring, 25
effective types of vaccine in the global context of the HIV peptides for four MHC alleles (A2, A3, All, and B7). The
epidemic. Many of these epitopes should be cytotoxic T EpiMatrix matrices used corresponded to HLA subtypes
cell (CTL) epitopes since CTL response to HIV-1 epitopes HLA A*0201, HLA A*0301, HLA A*1101, and HLA B7
contributes to protection both prior to infection and after (all subtypes). EpiMatrix score was the primary criteria for
exposurg26,28,30,43,45]Supertype epitopes (epitopes re- selecting epitope candidates from the list of 1000 highly
stricted by more than one HLA allele belonging to a family conserved peptides. Based on previous analyses, higher
of HLA with similar restriction characteristicf48]) and EpiMatrix scores suggest greater MHC binding potential
promiscuous epitopes (epitopes restricted by HLA belong- [29]. In this manner, 100 of the most conserved potential
ing to HLA families with disparate restriction characteristics A2-, A3-, A11- and B7-restricted ligands for each of eight
[37,38) are also important components of epitope-driven HIV-1 proteins (env, gag, pol, rev, tat, vif, vpr, and vpu)
vaccines. Discovery of highly conserved sequences that arewere selected.
also immunogenic has been hampered by the lack of means Conservatrix analysis was repeated on these proteins in
to screen the large number of HIV-1 genome variants for May 2002, using a new HIV-1 sequence database derived
epitopes. More than 65,000 HIV-1 protein sequences repre-from all Genbank HIV-1 entries as of April 2002. Informa-
senting the eight clades of HIV-1 have been filed in public tion on the “country of origin” of the HIV-1 sequence was
databasefl,5]. Direct evaluation of each overlapping pep- available for approximately 25% of the sequences in the
tide in this vast database of sequences would require theGenbank database.
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Twenty-four of the peptides selected for each allele was repeated four times; peptides were only considered to
were neither published CTL epitopes nor known MHC be binders if the above criteria were met in three out of the
ligands at the time the peptides were selected (1997).four repeated assays.
A 25th peptide for each allele was selected based on
the three study criteria listed above in addition to hav- 2.4. Subjects
ing been previously identified and published as a CTL
epitope prior to this study9]. This published epitope HIV-1 infected subjects with viral loads below 10,000
served as the positive control for the in vitro binding as- copies/ml and absolute CD4 T cell counts above 200 cells
says and CTL assays. The A2 published epitope selectedper Cl were recruited from clinics located in Rhode Island

for this study was SLYNTVATLY (a 10-mer variation of
the published epitope)30]; the A3 and the A1l pub-
lished epitope was TVYYGVPVWK (a supertype epitope)
[48]; and the B7 published epitope was GPGHKARVLA
[24].

2.2. Peptide synthesis

(Roger Williams Hospital and Pawtucket Memorial Hospi-
tal) or in Massachusetts. HIV-seronegative controls were re-
cruited from among laboratory personnel. All subjects were
recruited in accordance with the Office for Human Research
Protections (OHRP) guidelines, with Institutional Review
Board (IRB) approval and signed informed consent. A total
of 23 HIV-infected subjects’ responses were evaluated in
34 ELlIspot assaysTéble ). In four cases, subjects’ PBMC

Peptides corresponding to the epitope selections were prewere tested for responses to peptides restricted by more than
pared by 9-fluoronylmethoxy-carbonyl (Fmoc) synthesis on one HLA allele.
an automated Rainen Symphony/Protein Technologies syn-

thesizer (Synpep, Dublin, CA, purity 90% by HPLC).

2.3. Binding assays

In vitro evaluation of MHC binding was performed by

2.5. HLA typing

HLA typing was performed using DNAzol (Gibcol/Life
Technologies) and HLA SSP ABC Typing Kits (One
Lambda, Inc.) Table ). The kit that was available at the

measuring the ability of exogenously added peptides to sta-time the assays were performed did not permit subtyping.

bilize the class | MHC/beta 2 microglobulin structure on

In some cases, the HLA type could not be resolved. These

the surface of transport associated protein (TAP)-deficient cases are designated either with multiple alleles (e.g. 14/8)

T2 cell lines[34]. The T2-A2 cell line, expressing HLA
A2 [47], was generously provided by Dr. C. Brander (Mas-

where differentiation between alleles could not be deter-
mined with certainty or with “?” where no identifiable HLA

sachusetts General Hospital, Charlestown, Massachusetts)kype could be discerned.

The T2-Al1 cell line, expressing HLA A1fb2], was gen-
erously provided by Dr. J. McNicholl (Centers for Dis-
ease Control, Atlanta, Georgia). The T2-B7 cell line, ex-
pressing HLA B7[47], was generously provided by Dr.
R. Koup (NIH). Monoclonal antibody lines were also ob-
tained: the BB7.2 cell line, secreting anti-HLA A39],
was obtained from ATCC; the A11.1¥P2] and the Auf
5.13 cell lineg15], secreting anti-HLA A1l IgG, were ob-
tained from Dr. J. McNicholl; and the ME-1 cell line, secret-
ing anti-HLA B27, B7 and Bw22 IgG, was obtained from
ATCC. Binding assays were not performed for the HLA3
peptides.

In vitro evaluation of MHC stabilization by the candidate

2.6. ELlspot assays

Peripheral blood mononuclear cells (PBMC) were sep-
arated from heparinized peripheral blood samples using
Lymphoprep (Nycomed Pharma) density centrifugation.
The PBMC were pre-incubated with peptide (peptide stim-
ulation), or PHA (PHA stimulation) or both (Peptide/PHA
stimulation) for 5-10 days according to published proto-
cols. In all cases, 20U/ml IL2 (Sigma) were added 2 or 3
days after cultures were initiated and every 2 days there-
after. PBMCs were harvested after stimulation and plated
at 10,000-100,000 cells per well in an ELIspot plate (Mil-

peptide was performed as previously described by Ljung- lipore, Inc.) which was pre-coated with Mouse anti-human
gren et al.[34], Nijman et al.[38], and Brander et al8]. IFN-y monoclonal antibody (Pharmingen), @g/ml. All
Fluorescence of viable T2 cells (a marker of peptide bind- ELIspot assays were performed using a single peptide per
ing) was measured at 488 nm on a FACScan flow cytometerwell. At the time of the final assay, target peptides were
(Becton-Dickinson, New Jersey) and binding results were added at 1@ug/ml concentration to wells and incubated
interpreted as previously describ§B]. Briefly, peptides for 18-20 h. Autologous PBMC or T2 cells expressing the
qualified as binders if the mean linear fluorescence (MLF, relevant MHC molecule were used as antigen presenting
averaged over 10,000 events) increased over backgrounctells; these target cells were pulsed with peptides in the
by 10% or more, withP < 0.05, for at least two of the  assay wells. Cells were also plated with PHA, uml,
three sets of wells containing different concentrations of for the positive control wells, and with no peptide added
peptide (10, 20 and/or 2Q@y/ml). Each concentration of  for the negative control wells. Cells were discarded and the
peptide was assayed in triplicate wells. Each binding assayplate was washed with 0.05% Tween 20/PBS (Gibcol/Life



A.S De Groot et al./Vaccine 21 (2003) 4486-4504 4489

Table 1
Study subject cohort
Peptides tested ELIspot responses ~ HLA A HLA B HLA C

A2
H0204R A2 0 A2 ? B40 B57 CwO03 CwO07
HO007M A2 0 A2 A29 B15 B44  CwO03 Cwl6
902991 A2 4 A2 A30 B39 7 ND
H0014M A2 3 A2 Al B8 ? Cwi6
517001 A2 2 A2 A3 B44 ? Cw05 CwO07
H0023M A2 2 A2 A30 B35 B49 Cw04 CwO07
829001 A2 (B7) 1 (B7) A2 A3 B7 B58  CwO07
906002 A2 (A3) 1 (A2) A2 A3 B8 B51 CwO01 CwO07
Average no. of A2 responses/responders 2

All
H0018M All 0 All A2 B44 B51 CwoO05 Cwil5
HO0201R All 0 All A68 B42 B45 Cwilé Cw17
523001 All (A3) 4 (A11) All A3 B14 B51 Cwo08 Cwi13
606001 All 5 A8 Al B15 B40 CwO03 ?
202001 All 3 AB8 A25 ? ? ? ?
718001 All 4 All A68 B42 B45 Cwilé Cw17
Average no. of All responses/responders 4

B7
228 B7 8 A3 A24  B7 B38  CwO07 Cw12/13
H0015M B7 2 Al A3 B7 B8 Cw03 CwO07
829001 (A2) B7 1 A2 A3 B7 B58 CwO07 ?
411001 B7 4 A29 A30 B8 B44  CwO07 Cw16é
Average no. of B7 responses/responders 4

A3
H0012 A3 0 A32 A3 B14 B40 CwoO08
H0013M A3 0 A66 A3 B35 B4l Cwo04 Cwl7
H0032M A3 0 A33 A3 B14 B15 CwO07 Cw08
419001 A3 11 A23 A3 B49 B57 Cw06/07/12/13 2
411002 A3 6 A24 A3 B27 B57 Cwil3 Cw18
517001 A3 6 A2 A3 B44 ? Cw05 CwO07
906002 (A2) A3 5 (A3) A2 A3 B8 B51 CwO01 CwO07
509002 A3 4 A26 A3 B8 B52  Cw07/12/13 ?
523001 (A11) A3 3 (A3) All A3 B14 B51 CwoO08 Cw13
Average no. of A3 responses/responders 2

Technologies). A secondary antibody, biotinylated mouse 3. Results
anti-human IFNy monoclonal antibody (Pharmingen) was

added to the wells for 3—4 h atplg/ml, then washed as  3.1. Peptide selection
before. Streptavidin-alkaline phosphatase (Pharmingen)

was added for a 1h incubation, with subsequent washes One hundred peptides were selected based on the criteria
as before. Lastly, BCIP-NBT buffer (Sigma) was added described in methods. The peptides scored in the same range
for color development for 45min. The plate was washed as a set of known HLA A2, HLA A11, HLA A3, and HLA
several times with deionized water and allowed to dry B7 binders archived in a publicly-accessible MHC binding
thoroughly. peptide databag@0]. EpiMatrix scores for a set of 10,000
ELIspot assays were performed in triplicate. Spots were random peptidef?], the set of Rammensee known ligands,

counted using a dissecting microscope (Leica, Inc.). ELISpot and the study set of 25 HLA-restricted peptides are shown,
wells that contained a number of spots that was at least twicefor each of the alleles, ifig. 1a—d

the average number of background spots and also contained A summary of the results for the 75 peptides tested in
greater than 20 spots per 1 million cells (equivalentto aratio pinding assays and 100 peptides tested in ELIspot assays
of 1 responder per 50,000 PBMC, above background) wereijs presented iffable 2 Fifty-seven (76%) of 75 peptides
considered positive and included in the averaged responsesested in binding studies bound to the T2-HLA cells express-
for peptide, according to the criteria described by Schmecheling the corresponding MHC molecule, including all (three
et al.[44]. of three) of the control (published) ligands. Forty-three of
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Fig. 1. Scores for study peptides contrasted with published HLA ligands and random peptides. EpiMatrix scores for a set of 10,000 random peptides
of natural amino acid composition, the set of Rammensee’s large database of known ligands searchable by HLA allele ligands [SYFPEITHI], and the
study set of 25 HLA-restricted peptides are shown in (a—d). The 10,000 random peptides of natural amino acid composition were derived from the
EXPASYy (Expert Protein Analysis System) proteomics server of the Swiss Institute of Bioinformatics (Rdmtis&gww.expasy.ch/tools/randseq.html

(a) Scores for 25 A0201-restricted epitopes selected for this study are contrasted with scores for 10,000 random peptides and 280 0&@ivn A
ligands. (b) Scores for 25 All-restricted epitopes are contrasted with scores for 10,000 random peptides and 32 known Al1l ligands. (c) Scores for 2!
B7-restricted epitopes are contrasted with scores for 10,000 random peptides and seven known B7 ligands. (d) Scores for 25 A3-restricted epitopes al
contrasted with scores for 10,000 random peptides and 44 known A3 ligands. As is shown in these figures, the set of peptides selected for this stud
scored either above or within the range of EpiMatrix scores received by known binders and epitopes, and scored well above the mean of scores for :
set of 10,000 random peptides, for the corresponding HLA allele.
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Fig. 1. Continued).
100 peptides (43%) including all (four of four) of the con- In contrast, in negative control assays, none of eight

trol (published) epitopes tested in ELIspot assays stimulatednon-A2-restricted peptides (B7 and All peptides synthe-
v-interferon release. The 31 new epitopes identified in the sized for this study) stabilized the HLA A2 MHC molecule
course of this study are listed ifable 3 Detailed MHC on T2-A2 cells (data not shown).
binding results and ELIspot results for each of the study
peptides are provided ifable 4a—d 3.2.2. A2 ELIspot results

EpiMatrix predicted and in vitro assays confirmed PBMC from eight subjects who possessed the A2 al-
MHC-restriction by more than one HLA allele for eight lele were obtained. Six of the 25 A2 peptides, including
of the novel epitopes; of these epitopes five were recog- the control peptide, stimulateginterferon secretion from
nized in the context of MHC “supertypes” and three were HIV-infected subjects PBMC in vitro (24%). Two study sub-
promiscuous epitopes. Eighteen of the 43 confirmed epi- jects, HO007M and H0204R (both HLA A2) responded to
topes in this study (and 12 of the 32 novel epitopes) were none of the selected peptides, including the control peptide
completely conserved in more than 1 in 10 (10%) HIV-1 SLYNTVATLY, but their cells did releasg-interferon in re-

protein sequences in the Genbank databasablé¢ 3. sponse to stimulation by PHA (data not shown). PBMC from
six subjects responded to at least one A2 peptide. The av-

3.2. A2 peptide results erage number of responses per subject, excluding subjects
who did not respond to any peptides, was tWakile J).

3.2.1. A2 peptide binding Subject 0902991 responded to four peptides (1256 (NL-

Results for the 25 A2 peptides are shownTable 4a ~ WVTVYYGV, env), 1257 (NMWQEVGKAM, env), 1249
Thirteen of the 25 A2 HIV-1 peptides (52%) selected by (ILKEPVHGVY, pol), and 1237 (DLADQLIHLY, vif)).
Conservatrix and EpiMatrix for this study bound to T2 1237 was the only peptide that appeared to bind in T2-A2
cells expressing HLA A2 (T2-A2), including the previously —assays. Subject HO014M (Al, A2, B8, ?, Cwl6, ?) re-
published A2 binder (SLYNTVATLY, a 10-mer variation on ~ sponded to three peptides (1261 (SLYNTVATLY, gag),
SLYNTVATL). Peptides 1257 (NMWQEVGKAM, env) and 1247 (HLKTAVQMAV, pol), and 1237). All three of these
1249 (ILKEPVHGVY, pol), two published A2-restricted peptides were confirmed A2 binders.
epitopes, were not shown to bind to A2 cells by our criteria, ~ Subject 0517001 and H0023M each responded to two
although both did stimulatg-interferon release by PBMC ~ HLA A2 study peptides. Both subjects’ PBMC responded

in ELIspot assays (see below). to peptide 1249. In addition, subject 0517001 responded to
1257, while subject HO023M responded to 1261 (control
Table 2 epitope). Subjects 0829001 and 0906002 each responded to
Summary of world clade binding and ELIspot assays one novel epitope, 1242 (EMMTACQGVG, gag, a published
Allele No. No. of %Binders No.of %ELIspot A2 epitope but not a T2-A2 binder) and 1261, (control epi-
tested  binders ELlIspot tope), respectively.
A2 25 13 52 6 24 Three new A2-restricted epitopes were identified. Three
All 25 23 92 10 40 published HLA A2-restricted epitopes were reconfirmed,
B7 25 21 84 11 44

one of which was published prior to the studiable 43.
, One subject (0829001, A2, A3, B7, B58, Cw07) responded
All peptides 100 57 6 43 43 to peptide (1242 (EMMTACQGVG, gag)). Since 1242 did

A3 25 N.D. N.D. 16 64
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Table 3

New and published epitopes described in the world clade study

A.S De Groot et al./Vaccine 21 (2003) 4486-4504

Allele  Peptide no. Sequence Protein EBP Binder CTL ELlspot No. of Supertype (ST)/promicuous Comments
(%) 10E6 responders  (P)/immunodominant (ID)

New epitopes

A2 1256 NLWVTVYYGV  env 84 N 388 1 A2

A2 1237 DLADQLIHLY vif 54 Y 190 1 A2

A2 1247 HLKTAVQMAV pol 82 Y 230 1 A2

All 1284 VTENFNMWKN  env 17 Y 81, 50 2 ST Al1l binder, A11, A68

All 1281 TTPDKKHQKE pol 60 Y 131, 83 2 ST All binder, A11, A68

All 1264 AVFIHNFKRK pol 53 Y 1478, 59, 50 3 ST, ID Al1l binder, A3, All, A68

All 1274 NTPVFAIKKK pol 53 Y 2283, 1600 2 ST, ID Al1l binder, A11, A68

All 1276 PGMDGPKVKQ pol 52 Y 61 1 P Al1l binder, A1l or A68,
Published B8

All 1267 FTTPDKKHQK pol 36 N 71 1 ST All binder, A11, A68

All 1277 PTVLESGTKE rev 16 Y 81 1 AB8, not bound to All

All 1279 TACNNCYCKK tat 74 Y 207 1 A68, not bound to All

B7 1298 KPVVSTQLLL env 46 Y 22, 172 2 P Promiscuous (B8 and B7),
B8 motif

B7 1309 TPQDLNMMLN gag 31 Y 48 1 B7

B7 1302 QPDKSESELV pol 36 N 44 1 B7

B7 1307 SPIETVPVKL pol 12 Y 65, 31 2 P A2, B7, B8, B61

B7 1294 IPAETGQETA pol 8 Y 87 1 B7

B7 1296 KPPLPSVKKL vif 23 Y 45 1 B7

B7 1300 LVILAIVALV vpu 6 N 103 1 B7

A3 1325 HSFNCGGEF env 76 N.D. 160 1 Pulsed on T2-A3 targets

A3 1329 VSFEPIPIH env 58 N.D. 207, 150 2 Published (unknown HLA)

A3 1265 of A1l CTRPNNNTRK env 51 N.D. 140 1 P A2

A3 1328 SLWDQSLKP env 50 N.D. 103, 1370 2 ID Published (unknown HLA)

A3 1331 LARNCRAPRK gag 35 N.D. 973, 1247, 703 3 ID Only tested in A3

A3 1264 of A1l AVFIHNFKRK pol 52 N.D. 67, 17 2 A3

A3 1335 QLDCTHLEGK pol 61 N.D. 89, 73 2 A3

A3 1336 QIIEQLIKK pol 48 N.D. 87 1 A3

A3 1340 KLVDFRELNK pol 36 N.D. 453, 33 2 A3

A3 1337 GIPHPAGLK pol 20 N.D. 60 1 A3

A3 1341 KILYQSNPY rev 36 N.D. 20 1 A3

A3 1342 TACNNCYCK tat 46 N.D. 33 1 A3

(1279 10-mer)

A3 1344 KLTEDRWNK vif 54 N.D. 63 1 A3

Published epitopes—confirmed

A2 1257 NMWQEVGKAM  env 50 N 333, 72 2 A2 A2, (other unknown HLA)

A2 1261 SLYNTVATLY gag 78 Y 127, 259, 204 3 A2 A2

A2 1249 ILKEPVHGVY pol 96 N 2380, 247, 4 P A2, Bw62

117, 172

All 1283 TVYYGVPVWK  env 18 Y 696, 96 2 P A2, A3, All, A6801, B18

All 1271 IRLRPGGKKK gag 43 Y 59 1 P A3, B62, Bw62, All binder

B7 1305 RPVVSTQLLL env 41 Y 31 1 ST Published B7, responses by
B8 subject

B7 1291 GPGHKARVLA gag 28 Y 500, 241 2 B7 B7 (control in this assay)

B7 1306 SPAIFQSSMT pol 13 Y 129 1 B7 B7

B7 1293 GPKVKQWPLT pol 27 Y 78, 311 2 P B7, B8

A3 1283 of TVYYGVPVWK  env 59 N.D. 80 1 P, ST A2, A3, A301, Al1l,

All (KB) A6801, B18
A3 1332 RLRPGGKKK gag 34 N.D. 1500, 1900, 770 3 P, ID A3, A3.1, B62, Bw62, B42
A3 1339 AIFQSSMTK pol 59 N.D. 17, 23, 289, 5 ST A3, A3.1, All, A6801, A33
107, 200

Published epitopes—not confirmed

A2 1238 DLNTMLNTVG gag 65 N Not confirmed B14, other

A2 1241 ELRSLYNTVA gag 71 Y Not confirmed A2, other

All 1272 KIRLRPGGKK gag 36 Y Not confirmed A3, B27, B62, Bw62
(A11 binder)

B7 1295 KPCVKLTPLC env 27 Y Not confirmed Published (unknown HLA)

B7 1308 TPQDLNTMLN gag 31 Y Not confirmed B14, (unknown HLA)

New HIV-1 epitopes determined using the methods described in this report are listed in the table. The estimated binding probability (EBP), dpeelsef (reimber
of CTL ELIspots/10E6 cells) and the type of response is also provided, along with the type of response (immunodominant, supertype, or pronaisxbus]lsese
epitopes that were predicted and have since been published by other laboratories (and peptides that have been published but were not confistuely) iarehéso

listed.
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Table 4

Conservation of peptides

Peptide no. Sequence Protein  EBP Binder 2002 2002 2002 2002 total 2002 total

(%) numerator numerator denominator  (ABS) (%) (2 AA) (%)
(ABS) (2 AA)

(a) HLA A2 peptides
1261 (CTR)  SLYNTVATLY
1256 NLWVTVYYGV env 84 N 440 922 32684 1 3
1244 GIKQLQARVL env 74 Y 1133 1571 32684 3 5
1259 QLQARVLAVE env 65 N 837 1554 32684 3 5
1253 KLTPLCVTLN env 51 N 1625 2480 32684 5 8
1257 NMWQEVGKAM  env 50 N 4839 8495 32684 15 26
1260 QMHEDIISLW env 48 N 745 1135 32684 2 3
1239 DMRDNWRSEL env 44 N 1945 2832 32684 6 9
1261 SLYNTVATLY gag 78 Y 975 3360 6269 16 54
1241 ELRSLYNTVA gag 71 Y 655 3121 6269 10 50
1238 DLNTMLNTVG gag 65 N 1178 1845 6269 19 29
1242 EMMTACQGVG gag 65 N 1244 1364 6269 20 22
1255 LLWKGEGAVV pol 99 Y 482 492 21075 2 2
1249 ILKEPVHGVY pol 96 N 986 1381 21075 5 7
1252 KLLWKGEGAV pol 89 Y 466 491 21075 2 2
1247 HLKTAVQMAV pol 82 Y 549 590 21075 3 3
1245 GLKKKKSVTV pol 76 Y 8819 13621 21075 42 65
1240 ELHPDKWTVQ pol 72 Y 5633 6172 21075 27 29
1250 KIEELRQHLL pol 71 N 6446 12951 21075 31 61
1251 KLLRGTKALT pol 62 N 1308 3349 21075 6 16
1258 QILVESPTVL rev 69 N 57 193 5666 1 3
1243 FLNKGLGISY tat 10 Y 66 252 1139 6 22
1237 DLADQLIHLY vif 54 Y 103 660 905 11 73
1246 HIPLGDARLV vif 46 Y 206 770 905 23 85
1254 LLEELKNEAV vpr 89 Y 416 893 914 46 98
1248 ILAIVVWTIV vpu 90 Y 60 533 728 8 73

(b) HLA Al1l peptides
1283 (CTR) TVYYGVPVWK
1282 TVQCTHGIKP env 44 Y 926 3149 32684 3 10
1266 FAILKCNDKK env 33 Y 462 1160 32684 1 4
1280 TITLPCRIKQ env 23 Y 1935 8787 32684 6 27
1265 CTRPNNNTRK env 18 Y 12642 17499 32684 39 54
1283 TVYYGVPVWK env 18 Y 794 817 32684 2 2
1284 VTENFNMWKN env 17 Y 793 1038 32684 2 3
1271 IRLRPGGKKK gag 43 Y 748 1307 6269 12 21
1272 KIRLRPGGKK gag 36 Y 991 1385 6269 16 22
1273 LVQNANPDCK gag 18 Y 1524 1637 6269 24 26
1263 ARNCRAPRKK gag 11 N 535 1058 6269 9 17
1281 TTPDKKHQKE pol 60 Y 7215 12395 21075 34 59
1264 AVFIHNFKRK pol 53 Y 438 507 21075 2 2
1274 NTPVFAIKKK pol 53 Y 11098 13953 21075 53 66
1276 PGMDGPKVKQ pol 52 Y 9505 11461 21075 45 54
1278 QVRDQAEHLK pol 49 Y 436 581 21075 2 3
1270 IPHPAGLKKK pol 41 Y 8946 13362 21075 42 63
1268 GIPHPAGLKK pol 37 Y 11040 13689 21075 52 65
1267 FTTPDKKHQK pol 36 N 6435 12223 21075 31 58
1275 NVTENFNMWK pol 24 Y 34 45 21075 0 0
1277 PTVLESGTKE rev 16 Y 54 126 5666 1 2
1279 TACNNCYCKK tat 74 Y 36 780 1139 3 68
1269 IKPPLPSVKK vif 48 Y 72 440 905 8 49
1262 ALTALITPKK vif 32 Y 50 531 905 6 59
1286 WTLELLEELK vpr 8 Y 652 734 914 71 80
1285 WTIVFIEYRK vpu 16 Y 55 382 728 8 52

(c) HLA B7 peptides
1291 (CTR) GPGHKARVLA
1298 KPVVSTQLLL env 46 Y 1387 4612 32684 4 14
1305 RPVVSTQLLL env 41 Y 2729 4588 32684 8 14
1295 KPCVKLTPLC env 27 Y 1307 1484 32684 4 5
1304 RCSSNITGLL env 20 N 3695 9184 32684 11 28
1288 APTKAKRRVV env 18 Y 1050 2272 32684 3 7
1303 RAIEAQQHLL env 17 Y 878 1641 32684 3 5
1290 GPCKNVSTVQ env 15 Y 760 2570 32684 2 8
1309 TPQDLNMMLN gag 31 Y 489 1802 6269 8 29
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Table 4 Continued)

Peptide no. Sequence Protein EBP Binder 2002 2002 2002 2002 total 2002 total
(%) numerator numerator denominator (ABS) (%) (2 AA) (%)
(ABS) (2 AA)
1308 TPQDLNTMLN  gag 31 Y 1143 1806 6269 18 29
1291 GPGHKARVLA  gag 28 Y 677 1196 6269 11 19
1287 APRKKGCWKC gag 23 Y 1155 1540 6269 18 25
1302 QPDKSESELV pol 36 N 257 596 21075 1 3
1293 GPKVKQWPLT  pol 27 Y 9479 11594 21075 45 55
1306 SPAIFQSSMT pol 13 Y 9096 13261 21075 43 63
1307 SPIETVPVKL pol 12 Y 9941 11150 21075 47 53
1250 of A2 KIEELRQHLL pol 11 Y 6446 11476 21075 31 54
1278 of A1l QVRDQAEHLK  pol 11 Y 436 583 21075 2 3
1294 IPAETGQETA pol 8 Y 520 582 21075 2 3
1301 LVSQIIEQLI pol 8 N 277 540 21075 1 3
1299 LPPLERLTLD rev 47 Y 152 305 5666 3 5
1292 GPKESKKKVE tat 9 Y 50 182 1139 4 16
1297 KPPLPSVTKL vif 27 Y 141 849 905 16 94
1296 KPPLPSVKKL vif 23 Y 166 849 905 18 94
1289 FPRIWLHSLG vpr 44 Y 100 821 914 11 90
1300 LVILAIVALV vpu 6 N 28 76 728 4 10
(d) HLA A3 peptides
1283 (CTR) TVYYGVPVWK
1325 HSFNCGGEF env 76 N.D. 7919 11307 32684 24 35
1326 TLFCASDAK env 74 N.D. 940 1065 32684 3 3
1327 HSFNCRGEF env 70 N.D. 911 11200 32684 3 34
1283 of A1l (KB) TVYYGVPVWK env 59 N.D. 794 1038 32684 2 3
1329 VSFEPIPIH env 58 N.D. 1196 2409 32684 4 7
1265 of A1l CTRPNNNTRK env 51 N.D. 12642 23911 32664 39 73
1328 SLWDQSLKP env 50 N.D. 930 1201 32684 3 4
1330 (1261 10- SLYNTVATL gag 59 N.D. 1000 3511 6269 16 56
mer of A2)
1331 LARNCRAPRK  gag 35 N.D. 313 1115 6269 5 18
1332 RLRPGGKKK gag 34 N.D. 770 1043 6269 12 17
1333 ILDIRQGPK gag 28 N.D. 1272 2024 6269 20 32
1335 QLDCTHLEGK pol 61 N.D. 475 501 21075 2 2
1339 AIFQSSMTK pol 59 N.D. 8132 13178 21075 39 63
1334 LVDFRELNK pol 57 N.D. 12284 13799 21075 58 65
1264 of A1l AVFIHNFKRK pol 52 N.D. 438 507 21075 2 2
1336 QIIEQLIKK pol 48 N.D. 427 601 21075 2 3
1338 KVYLAWVPA pol 42 N.D. 323 589 21075 2 3
1340 KLVDFRELNK pol 36 N.D. 12242 13665 21075 58 65
1337 GIPHPAGLK pol 20 N.D. 11785 13122 21075 56 62
1341 KILYQSNPY rev 36 N.D. 148 203 5666 3 4
1342 (1279 10- TACNNCYCK tat 46 N.D. 100 359 1139 9 32
mer of Al11)
1344 KLTEDRWNK vif 54 N.D. 581 823 905 64 91
1343 (1262 10- ALTALITPK vif 16 N.D. 66 442 905 7 49
mer of All)
1286 of A1l WTELLEELK vpr 21 N.D. 652 746 914 71 82
1345 RLIDRIRER vpu 46 N.D. 127 521 728 17 72

The peptide sequences of 96 novel World Clade peptides and four control peptides are shown in the table. Part (a) shows the peptides selected ft
the study that were predicted using the EpiMatrix A2 matrix; part (b) shows the peptides selected for the study using the A1l matrix; part (c) shows
the peptides selected using the B7 matrix; and part (d) shows the peptides selected using the A3 matrix. The peptide sequences (including the contra
peptide), protein source, estimated binding probability (based on EpiMatrix score), and binding assay results for each of the peptide seglewes, ar

in the first four columns. Binding assays were not performed (N.D.) for the A3 peptides. The number of HIV-1 sequences in Genbank (April 2001)
database that were absolutely conserved (contained the exact same sequence) in 2002 is shown in the column marked “numerator (ABS)” and the numb
of sequences on file for each protein in 2002 is shown as the “denominator”. In the column marked “2002 numerator (2 AA)”, the number of peptides
that varied by as many as two amino acids but were still predicted to be immunogenic based on EpiMatrix score is shown. The final two columns show
the percent conservation (number conserved/2002 denominator) for 2002 (ABS) and 2002 (2 AA), respectively. EpiMatrix score was the main criteria
for inclusion in the original selections. The most highly conserved peptides were not always the ones that scored highest on EpiMatrix. Therefore it
is not surprising that only 45 of the peptides were absolutely conserved in more than 10% of their respective protein database. Allowing two amino
acids to vary while maintaining EpiMatrix score as the main inclusion criteria (an adjustment that reflects the fact that binding to MHC, and not T cell
epitope interaction, is the rate-limiting factor for immunogenicity) increased the relative conservation of the peptides. Using the datd lggrbisite
adjustment, 63 peptides were found to be conserved in more than 10% of their respective protein databases. The peptides for this study were originall
selected in 1997, at a time when the collective databases (Los Alamos National Laboratory and Genbank) were biased towards clade B sequences. TI
2002 databases include a greater variety of non-clade B sequences. Using the same selection criteria for choosing peptides on the 2002 databases
HIV-1 sequences, a different set of peptides would have been selected (data not shown).
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not bind to A2 in vitro, and was previously published as B7, 3.3. Al1l results
this peptide was not included in the list of six positive A2

responses. 3.3.1. Al1l peptide binding
Binding assay results for the peptides selected by Conser-
3.2.3. A2 peptide conservation vatrix and EpiMatrix are shown ifable 4b Twenty-three

Peptide 1247, a novel pol epitope, is conserved in 549 of the 25 A11 HIV-1 peptides selected by Conservatrix and
of 21,075 pol sequences in public databases (Bdble 4a EpiMatrix for this study bound to T2 cells expressing the
andFig. 2b. Only 25% of pol sequences available in Gen- A11 allele (92%,Table 40), including the published HLA
bank are linked to a country of origin. Peptide 1237 (a All-restricted control epitope, 1282 (TVQCTHGIKP, env).
novel vif epitope) is also conserved (103 out of 660 se- In contrast, none of six A2 and B7 HIV-1 peptides (selected
quences, or 11%[able 4aandFig. 29 within the compar-  from peptides synthesized for this study) bound to T2-A11
atively small dataset of HIV vif sequences available in the cells (data not shown). All but one of the peptides (1267)
HIV-1 sequence databases. Peptide 1256, an env peptide, iso which PBMC responded in ELIspot were binders in the
less well conserved across HIV isolates (440 out of 32,684, T2-A11 binding assay.
or 1%, Table 43. However, closer evaluation of the origin
of isolates that contain the identical epitogég; 29 sug- 3.3.2. All ELlspot results
gests that this epitope may still be very relevant for vaccine  PBMC from six subjects possessing the HLA A1l al-
design. lele or an allele belonging to the HLA A3, All, A68

Geographic distribution isolates containing new World Clade env
epitopes
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Fig. 2. These histograms illustrate the distribution of isolates derived from different regions of the world (Europe and North America, AfrieadAsia

Oceania) that contain peptide sequences that are identical to the novel epitopes described in this manuscript. Not all HIV-1 sequences ireour databas
could be classified, since only 25% of HIV-1 sequences in Genbank have attached country identifiers. In some cases where country identifiers could not

be differentiated from the location of the individual or institution reporting the sequence, the sequence may be mis-classified. For examplate®sme is

described as being European or North America in these figures may actually be non-clade B isolates. All isolates identified as having been described or

identified in Australia were included under “Oceania”. (a) Describes the distribution of identical peptides in env isolates. Note that corsfettvesien

epitopes is very skewed, in the case of env isolates, reflecting the dominance of North American and European sequences in the early years af the epidemi

(1997, when the original candidate epitopes were selected). (b) lllustrates the distribution of sequences that are exactly identical to tpeol epit
identified in this study. In this figure, the high relative conservation of the novel epitopes in HIV-1 sequences classified as having been Afgizaisin ori
notable, perhaps reflecting a more balanced list of pol sequences in 1997, as well as the relatively well conserved nature of the pol proteatetc) lllust
the distribution of sequences that are exactly identical to the gag, nef, and tat epitopes identified in this study. Again, African isolatestpredomina
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Geographic distribution of isolates containing new World Clade pol
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supertypg48] were evaluated in ELIspot assays. Two sub- 3.3.3. HLA A3, All, A68 supertype and promiscuous

jects (HO018M: A2, All B44, B51, Cw05, Cwl5 and epitopes

HO201R: All A68, B42, B45, Cwl6, Cwl7) responded Seven of the peptides appear to have been restricted
to none of the peptides, but did respond to PHA in vitro. by more than one A3 supertype allele (A11-A3-A68) ei-
As shown inTable 4h 10 (40%) of the A1l peptides, in- ther because the peptide bound to HLA All, and was
cluding the control epitope 1283 (TVYYGVPVWK, env), shown to stimulatey-interferon release in ELIspot assays
stimulated ELlIspot responses from PBMC obtained from performed with PBMC from study subjects possessing
the remaining four subjects. The average number of re-a A3 supertype allele (A3, All, or A68), and/or was
sponses per subject (of the four subjects responding topublished as an A3-restricted epitope by another lab-
peptides) to the HLA All peptides was four. Two pub- oratory group (able 4. Two of these supertype epi-
lished All-restricted epitopes were reconfirmed in these topes have previously been published (the control epitope,
assays; eight novel HLA All-restricted epitopes were 1283 (TVYYGVPVWK, env, and 1271 IRLRPGGKKK,
defined. gag)).

Only two of the four study subjects responding to A11  These data suggest that five additional novel supertype
peptides possessed the Al1 allele, which is much more com-peptides are described here, including 1284 (VTENFN-
mon among Asian and Indian populations than the Provi- MWKN, env), 1272 (KIRLRPGGKK, gag), 1281 (TTPD-
dence population of HIV-1 infected subjects. Both of these KKHQKE, pol), 1264 (AVFIHNFKRK, pol), and 1274
subjects (523001 and 718001) also possessed another ABNTPVFAIKKK, pol), based on binding to HLA All in
supermotif alleles at the A locus (Al11, A3 and All, A68, T2Al1l binding assays and recognition of the epitope by
respectively). PBMC from the two additional subjects were PBMC from subjects possessing the HLA A68 allele. In
tested with the A11 peptides because the subjects possesseatldition, two promiscuous (non-supertype) epitopes are
either the A3 allele or the A68 allele, members of the A3 described; 1283 (TVYYGVPVWK, env) and 1276 (PG-
supermotif family. MDGPKVKQ, pol), peptides previously published for HLA

Subject 606001 (A1, AG8B15, B40, Cw03) responded A2 and HLA B8, respectively. Both were shown to bind to
to five HLA All-selected peptides (1274 (NTPVFAIKKK, HLA A1l on the surface of T2-All. Peptide 1276, a pub-
env), 1284 (VTENFNMWAKN, env), 1281 (TTPDKKHQKE, lished B8 epitope, stimulated a response from PBMCs from
pol), 1264 (AVFIHNFKRK, pol), and 1279 (TACNNCY-  a subject possessing HLA Al, A6B15, B40, Cw03. Sub-
CKK, tat)), all of which were shown in binding assays ject 0202001 (A25, A68B18, B27) and subject 0523001
to bind to HLA Al11l. This subject did not respond to (A3, All, B14, B51, Cw08, Cw13) responded to peptide
the published control A3 supertype restricted epitope 1283 (a T2-All binder and published A2, All, A68, B18
(TVYYGVPVWK, env). epitope). Thus, peptides 1276 and 1283 can be considered

Subject 0523001 (A3A11, B14, B51, Cw08, Cwl3) re-  “promiscuous” epitopes.
sponded to peptides 1283 (control epitope) and 1264 in ad-
dition to peptides 1284 and 1271 (IRLRPGGKKK, gag). 3.3.4. All peptide conservation
Subject 0202001 (A25, AGEB18, B27) also responded to Eleven of these All peptides were conserved in more
peptides 1274 and 1264 in addition to peptide 1283 (control than 10% of the sequences obtained from public databases.
epitope). Peptide 1274 (NTPVFAIKKK, pol), a supertype peptide

Subject 718001 (A11A68, B42, B45, Cwil6, Cwl7) that was also immunodominant (ID) (responses greater
was the only subject whose PBMC responded to peptidesthan 1000 spots per 10E6 SFC) is conserved in 11,098 of
1276 (PGMDGPKVKQ, pol), 1267 (FTTPDKKHQK, pol, 13,689 pol sequences in public databases (5Bible 41).
the sole peptide that did not bind), 1277 (PTVLESGTKE, 1281 (TTPDKKHQKE, pol) is conserved in 7215 of 13,689
rev), in addition to recognizing a peptide that was recognized database entriesTgble 4f). Peptide 1284 (VTENFN-
by one other subject (1281; 606001 [Al, AGB15, B40, MWKN, env) is conserved in 793 env sequences (only 2%
CwO03]). The response to peptide 1267 was observed in theof the 32,684 sequences in the 2002 databakssle 40).
context of peptides pulsed on T2-A11 cells (the method used However, isolates containing the exact peptide sequence
for this subject’'s PBMC) and two of the other peptides to have been isolated from BraZif], Burkina Fasd1], the
which this subject responded did bind to T2-A11 cells (1277 Central African Republi¢l], Cote d’'lvoire[1], Zaire [4],
and 1281). These data suggest that peptide 1267 is indeedambia[2], Thailand[1], Jamaicg1], China[1], and Swe-
All-restricted. Also, this subject’'s PBMC did not respond den[1] and 20 additional countries-ig. 29. Peptide epi-
to the control peptide pulsed on T2-A11 cells. It is, how- tope 1276 (PGMDGPKVKQ, pol) is conserved in 9505 of
ever, possible that this subject was responding to peptides21,065 (42%) pol sequences in public databa$ablé 4.
in the context of HLA A68 (an allele shared with subject Peptide 1279 (TACNNCYCKK, tat) is conserved in 36
606001). In contrast, for this cohort, none of the subjects’ out of 780 tat isolates (3%Jable 4l). See Fig. 2a—c
HLA B and HLA C alleles overlapped, making it unlikely for information on the regional conservation of the other
that any of the peptides tested were presented in the contexconfirmed HLA All-restricted epitopes examined in this
of other HLA alleles. study.
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3.4. B7 results The fourth subject possessed the HLA B8 allele (subject
0411001: A29, A30, B8B44, Cw07, Cw16). The HLA B8
3.4.1. B7 peptide binding motif is similar to the B7 maotif in the second to last posi-

Twenty-one of the 25 peptides selected for this study tion (L in positions 8 or 9). This study subject was evalu-
by Conservatrix and EpiMatrix stabilized B7 molecules ated in order to compare the subjects responses to those of
in the HLA B7-transfected T2 cell (T2-B7) binding assay subject HO015M-100700 (A1, A3, BB8, Cw03, Cw07).
(84%), including the published B7 control peptide (1291 The latter subject responded to several peptides that corre-
(GPGHKARVLA, gag)) [Table 49. B7-restricted binding  sponded to both the B7 and the B8 motifs. Subject 0411001
was also confirmed for two B7-restricted peptides that (B8) responded to four peptides in ELIspot assays (1298
were published subsequent to the start of this study (1305(KPVVSTQLLL, env), 1305 (RPVVSTQLLL, env), 1293
(RPVVSTQLLL, env) and 1306 (SPAIFQSSMT, pol)). The (GPKVKQWPLT, pol), and 1307 SPIETVPVKL, pol), all
remaining 18 peptides are novel HLA B7 ligands. None of T2-B7 binders. This subject shared a response with subject
eight A2 and A1l peptides (selected from peptides synthe- H0015M for only one peptide (1298). This subject did not

sized for this study) stabilized B7 (data not shown). respond to the control epitope, peptide 1291. However, pep-
tide 1305 is a published HLA B7-restricted epitope (pub-
3.4.2. B7 ELIspot results lished subsequent to the initiation of this study). These re-

PBMC from four study subjects were evaluated for sponses suggest that B7 and B8 share motif similarities (ei-
y-interferon secretion to the peptides in ELIspot assays ther at the C-terminal anchor and, possibly, for these pep-
(Table 49. Three of the subjects possessed the HLA B7 tides, the P in position 2).
allele. One possessed the HLA B8 allele, which has similar  One allele-mismatched subject 0509001 (A1, A26, B27,
binding motif requirements (EpiVax, unpublished). Eleven B51) did not respond to any of the B7 epitopes but did
of the 25 B7 peptides stimulateg-interferon response respond to PHA. No HIV-seronegative subjects’ responses
(44%). Seven of these epitopes are novel HLA B7-restricted to the B7 peptides were evaluated.
epitopes (1298, 1309, 1302, 1307, 1294, 1296, and 1300).

In addition, peptide 1308 (TPQDLNTMLN, gag), while 3.4.3. B7 published epitopes, supertype epitopes and

not recognized in ELIspot assays, did bind to HLA B7 in  promiscuous epitopes

the T2-B7 assay (and was recognized in a separate study Two published B7 supertype epitopes (1291, the control
of Cote d'lvorian subjects, seBection 4. Two of these  epitope, and peptide 1309) were reconfirmed. In one case, a
epitopes did not bind to T2-B7 cells (1300, 1302). PBMC novel epitope (1298) was recognized by more than one sub-
from all four subjects responded to the peptides. The num-ject, who possessed diverse HLA B alleles (B8) in addition
ber of responses per B7 subject ranged from one to eight;to binding to HLA B7 on T2-B7 cells. This epitope was clas-
the average number of responses was four. sified as promiscuous (B7, B8). Peptide 1292, a published

PBMC from subject 228 (A3, A24, B7B38, CwO07, B8 epitope, was predicted and confirmed to be restricted by
Cw12/13) responded to eight peptides (1309 (TPQDLN- B7 by binding assays and ELIspot assays in these studies,
MMLN, gag), 1291 (GPGHKARVLA, gag [control epi- and was therefore also classified as promiscuous. Similar-
tope]), 1302 (QPDKSESELYV, pol), 1293 (GPKVKQWPLT, ity between the B7 and B8 MHC binding motifs has been
pol), 1306 (SPAIFQSSMT, pol), 1307 (SPIETVPVKL, pol), noted above. And finally, peptides 1307 and 1250 are pre-
1296 (KPPLPSVKKL, vif), 1300 (LVILAIVALY, vpu)). Of viously published epitopes restricted by other HLA alleles,
these eight epitopes, one pol peptide (1302 (QPDKSESELV, A2 (1307) and Bw60 (1250), respectively, and were there-
pol)) and one vpu peptide (1300 (LVILAIVALY, vpu)) were  fore classified as promiscuous epitopes, for a total of four
not shown to bind to HLA B7 in T2-B7 assays. As these promiscuous B7 epitopes.
peptides did not give a positive EpiMatrix score for any
of the other HLA alleles possessed by this subject (data 3.4.4. B7 peptide conservation
not shown) and the ELIspot responses were well above Eleven of the B7 peptides were conserved in more than
background (44 spots per million PBMC and 103 spots per 10% of isolates filed in public databases. In particular,
million, respectively), these two peptides were assigned to 1307 (SPIETVPVKL, pol), a promiscuous epitope, was
the list of new HLA B7-restricted epitopes. conserved in 9941 of 21,075 pol sequences (47&ble 4c

PBMC from subject HO015M-100700 (A1, A3, BBS, andFig. 2b. Similarly, peptide 1250 (KIEELRQHLL, pol),
Cw03, Cw07) responded to two peptides: to 1291 (control was conserved in 6446 of 21,075 pol sequences in public
epitope) and peptide 1298 (KPVVSTQLLL, env), a novel databases (31%). Peptide 1309 (TPQDLNMMLN gag) is
HLA B7-restricted epitope, both in the absence of HLA conserved in 489 of 6269 gag sequences in public databases
B7-restricted targets (peptide pulsed on autologous PBMC) (8%, Table 4candFig. 29. Peptide 1298 (KPVVSTQLLL,
and in the presence of HLA B7-transfected B7-restricted tar- env) is conserved in 1387 of 32,684 env isolates in pub-
get cells (peptide pulsed T2-B7 targets). PBMC from subject lic databases (4%TJable 49. SeeFig. 2a—cfor the re-
0829001 (A2, A3, B7B58, Cw07) responded to a single gional distribution of sequences containing each of the
peptide, 1294 (IPAETGQETA, pol), a T2-B7 binder. epitopes.
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3.5. A3 peptide results three peptides including 1335 (QLDCTHLEGK, pol), 1339,
and 1340.
3.5.1. A3 peptide binding
Functional monoclonal reagents for T2-A3 binding assays 3.5.3. HLA A3 supertype and promiscuous epitopes
(that did not give a high background) could not be obtained  Three previously published supertype epitopes were
for this study. Accordingly, T cell responses to the A3 pep- re-confirmed (1283 (TVYYGVPVWK env), 1332 (RLRPG-
tides were measured but binding assays were not performedGKKK gag), and 1339 (AIFQSSMTK, pol)). One novel
(Table 44. supertype peptide was identified (1264 AVFIHNFKRK,
pol), a peptide that stimulated ELIspot responses from three
3.5.2. A3 ELlIspot results supertype subjects (see All data, HLA A locus alleles for
Sixteen peptides stimulatedy-interferon release in  those three subjects were A25, AGE3, Al1l, and A1 AB)
ELIspot assays (64%), including the published A3-restricted and two A3 subjects (A3A23, A3, A24). One promis-
control peptide (1283 (TVYYGVPVWK, env)). All six  cuous epitope, peptide 1265, a previously published HLA
subjects responding to the A3 selected peptides pos-A2-restricted epitope (CTRPNNNTRK, env) was identified
sessed the A3 allele. Only one of the six possessed an-(response by subject 419001: A823, B49, B57, C?).
other allele (A11) that could confound the results. Three
subjects (H0012M-101700 (A3, A32, B14, B40, Cw08), 3.5.4. A3 peptide conservation
HO013M-103100 (A3, A66, B35, B4l, Cw04, Cwl7), Perhaps the most conserved peptide of the list of A3
HO0032M-050801 (A3, A33, B14, B15, Cw07, Cw08)) did epitope candidates was 1265 (CTRPNNNTRK, env) which
not respond to any A3 peptides, including the control pep- was conserved in 12,642 of 32,684 env sequences in pub-
tide, although these subjects did respond to PHA. Threelic databases (39%lable 4d. The fact that this peptide
published A3 epitopes were reconfirmed in this study and is so highly conserved, and presented by more than one
14 novel HLA A3-restricted epitopes were defined. The HLA allele (A2 published and A3, predicted and confirmed
published epitopes were 1283 (TVYYGVPVWK, env), in this study), makes it an excellent candidate for inclu-
1332 (RLRPGGKKK, gag), and 1339 (AIFQSSMTK, pol) sion in an HIV vaccine. Another highly conserved env pep-
which were recognized by one, three, and five subjects, tide that is newly described in this report is peptide 1325
respectively. The number of responses per subject, when(HSFNCGGEF, env) which is conserved in 11,307 of 32,684
non-responders were excluded, ranged from 11 to 3. Theenv sequences listed in public databases (2%8ble 44.
average number of responses per subject was Six. SeeFig. 2afor information on the regional conservation
Subject 419001 (A3A23, B49, B57, C?) responded of these two env peptides. A pol peptide, 1340 (KLVD-
to 11 peptides. These included 1329 (VSFEPIPIH, env), FRELNK) is conserved in 12,242 of 21,075 pol sequences
1265 (CTRPNNNTRK, env, a published A2 epitope), 1331 (58%, Table 49. Peptide 1337 (GIPHPAGLK, pol), is con-
(LARNCRAPRK, gag), a novel immunodominant A3 epi- served in 11,785 of 21,075 pol sequences (58&ble 49
tope, 1332 (RLRPGGKKK, gag), 1340 (KLVDFRELNK, in public databases. Ségg. 2bfor the regional conserva-
pol), 1337 (GIPHPAGLK, pol), 1335 (QLDCTHLEGK, tion of these new pol epitopes. Peptide 1344 (KLTEDR-
pol), 1264 (AVFIHNFKRK, pol), 1336 (QIEQLIKK, WNK vif), was conserved in 581 of 905 vif sequences (64%,
pol), 1337 (GIPHPAGLK, pol), and 1342 (TACNNCYCK, Table 44 in public databases. Additional highly conserved
tat). A3 peptides are described Table 4d and the regional dis-
Subject 411002_(A3A24, B27, B57, Cwl3, Cwi8) re- tribution of sequences containing these epitopes is shown in
sponded to six epitopes including 1329, 1331, 1332, 1264, Fig. 2a—c
1344 (KLTEDRWNK, vif), and 1343 (ALTALITPK, vif).
Subject 912002 (A2, A3B8, B51, Cw01, Cw07) also re- 3.6. Subject responses to epitopes restricted by more than
sponded to six peptides, including 1325 (HSFNCGGEF, one HLA allele
env), 1328 (SLWDQSLKP, env), 1330 (SLYNTVATL, gag),
1339 (AIFQSSMTK, pol), 1340 (KLVDFRELNK, pol), and If the study subjects possessed more than one allele
1341 (KILYQSNPY rev). As peptide 1330 is a published for which peptides had been selected, assays were per-
A2-restricted epitope and no binding assay results were formed for both sets of peptides (if sufficient samples were

available to confirm HLA A3-restricted binding, this re-

available). For example, subject 0523001 (431, B14,

sponse was not categorized as an A3-restricted response foB51, Cw08, Cw13) responded to four A3 peptides (1283

this subject.
Subject 0906002 (A2, A3B8, B51, Cw01, CwO07) re-

(TVYYGVPVWK, env), 1264 (AVFIHNFKRK, pol), 1284
(VTENFNMWKN, env) and 1271 (IRLRPGGKKK, gag)),

sponded to five peptides. These were 1339, 1325, 1340,and three A1l peptides including 1335 (QLDCTHLEGK,

and 1330. Subject 509002 (AB26, B8, B52, ?) responded

pol), 1339 (AIFQSSMTK, pol), and 1340 (KLVDFRELNK,

to four peptides. These were 1283, the published A3 con- pol). (Table 4a and X All three A11 peptides were shown

trol epitope (TVYYGVPVWK, env), 1331, 1332, and 1339.
Subject 523001 (A3A11, B14, B5, Cw08) responded to

to bind on T2-A11 cells. HLA A3 and A1l belong to the
same supertype, therefore some of the cross-allele presen-
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tation observed here may be due to the supertype bindingvolunteers. This pilot study proves that a bioinformatics ap-

and presentation. proach can be a much more efficient means of identifying
Subject 0517001 (HLA ARA3, B44, Cw05, CwQ7) re- epitope candidates for a truly cross-clade HIV-1 vaccine.

sponded to A2 peptide 1249 (ILKEPVHGVY, pol) and to Other epitope mapping algorithms may also be useful tools

1257 (NMWQEVGKAM, env), but not to the control epi- for discovering highly conserved HIV-1 epitopes. A review

tope 1261, and also responded to A3 peptides 1341 (KI- of these algorithms is published elsewh§s8].

LYQSNPY, rev) but not to the control peptide nor to the Representative conserved peptides for eight major HIV-1
other dominant epitopesTdble 4a and d proteins were selected for this study (env, gag, pol, rev, tat,
Subject 0906002 (A2A3, B8, B51, Cw01, Cw07) re-  vif, vpr, vpu). This analysis was performed for all matrices

sponded to five A3 peptides. These were 1339 (AIFQSSMTK available for the EpiMatrix too]17]. For this pilot study, a
pol), 1325 (HSFNCGGEF, env), 1340 (KLVDFRELNK, list of 25 peptides for four HLA alleles HLA A2, A3, Al1,
pol), 1328 (SLWDQSLKP, env), and 1330 (SLYNTVATL, and B7 were selected for in vitro studieBable 7). HLA
gag). This subject also responded to one A2 peptide; 1261A2 and A3 are the highly prevalent HLA worldwide, while
(SLYNTVATLY, gag). The latter peptide is a 10-mer ver- All is more common in Asian populations and B7 is more
sion of 1330. Since this subject possessed both the A2 andcommon among African and African-American populations.
the A3 allele, response to A2 peptide 1261 and A3 peptide Forty-three percent of epitopes selected using these tools
1330 may have been due to presentation of the peptide instimulated ELIspot responses in vitro. Some of the epitopes
HLA A2. This subject’s response to A3 peptides was much were confirmed both in this study and in other published
broader (four epitopes) than to A2 epitopes (two epitopes). reports[23]. Confirmation of the epitopes by other labora-
(Table 4a and d tories (Table 3 provides external validation of the method
and additional proof of principle for this bioinformatics ap-
proach to defining immunogenic epitopes.

The diverse, sometimes subdominant nature of the re-
Where at least one of the study subjects’ responses ex-sponse to HIV is evident in this study (as many as 11 re-
ceeded 1000 spots per 10E6 PBMC, the epitope was la-sponses restricted by a single HLA molecule were observed).
beled immunodominant. These epitopes are identified as ID Individuals possessing the same HLA allele often responded
in Table 3 The 1264 and 1274, both novel A1l epitopes to different epitopes, and responded to epitopes restricted
derived from pol, stimulateg-interferon release from more by more than one allele, and no single epitope appeared
than 1000 cells per 10E6 (1 in 1000 PBMC), as did two to be immunodominant. These data are in complete agree-

A3 epitopes (1328 and 1331). Two published epitopes, 1249 ment with several other studi¢d2,33] Betts et al. observed
(A2) and 1332 (A3) also stimulated responses at this level. that “an individual’s overall CD8 T cell response to HIV
The remaining 40 epitopes identified, however, stimulated is not adequately represented by the response to a single
responses in the range of 100-700 spots per 10E6 PBMC epitope and that individual’s major histocompatibility com-
and may be categorized as “subdominant” epitopes. Individ- plex class | alleles do not predict an immunodominant re-
ual subjects demonstrated responses to both immunodomi-sponse restricted by that allele. Accurate quantification of
nant epitopes (spots per 10E61000) and to subdominant total HIV-specific CD8 T cell responses will require assess-
epitopes. In one case, where information on response to thement of the response to all possible epitodé$’ The exper-
study peptides was available at several time points, a studyiments reported here, which were performed on PBMC from
subject appeared to respond to a greater number of subdoma relatively small study subject sample, over an 18-month
inant epitopes at the second time point (data not shown). period, and restricted to four HLA alleles, may significantly
underestimate the number of epitopes that could be recog-
nized by healthy HIV-1 infected subjects. The goal of the
study was not to map HIV-1 infected subjects’ responses to
HIV in great detail. However, these data suggest that more
The purpose of these studies has been to confirm that aextensive epitope mapping may need to be performed in or-
specific bioinformatics approach, that is, the combination der to quantify the breadth of human immune response to
of the Conservatrix and EpiMatrix algorithms, permits the HIV-1.
selection of highly conserved HIV-1 T cell epitopes from Furthermore, many of the subjects belonged to a cohort
amongtens of millions of epitope candidates (more than that demonstrated excellent adherence to anti-retroviral ther-
65,000 HIV-1 sequences average 600 amino acids per apy and low viral loads, which may have diminished our

3.7. Dominant versus subdominant epitopes

4, Discussion

sequencex 10mer overlapping frames), and, to begin eval-
uation of these epitopes for inclusion in an “epitope-driven
vaccine”. The only alternative to using algorithms like Con-

ability to detect HIV-specific CTL responses (GS, personal
communication). Fewer than expected HLA A2 epitopes
were discovered. Similar paucity of response to A2 epitopes

servatrix and EpiMatrix to define epitopes that are relevant has been noted by other investigators, who suggested that
across HIV-1 clades and isolates is to perform epitope map-the HIV-1 genome has evolved to escape presentation by
ping using thousands of peptides and thousands of studythis highly prevalent HLA allel¢31,46]
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4.1. Discordant binding illustrate the use of Conservatrix and EpiMatrix as tools for
discovery of supertype and/or promiscuous epitopes. Future

For four of the six A2 peptides stimulating ELIspot re- HIV genome analyses will apply Conservatrix and EpiMa-
sponse, no binding to HLA A2 could be detected. The line of trix (with the clustering function ClustiMer) to select pep-
T2-A2 cells used in this study has subsequently been showntides for supertype and/or promiscuous characteristics.
to have a partially-functional TAP molecu]&1] leading to Epitopes identified using this method are highly conserved
the presentation of endogenously MHC-bound peptides onin isolates derived from a wide range of countries. Since
the surface of these cells. As a result, binding of exoge- the Conservatrix analysis was performed independently of
nous A2-restricted peptides might not have been detectedany starting sequence (whether clade B, or other subtype),
due to high background fluorescence associated with TAPthe novel epitopes discovered in this study appear to be
mediated processing and presentation of endogenous pepeonserved in isolates from many different countries, across
tides. In support of this hypothesis, two of the peptides, 1257 continents, and appear to be independent of clade or subtype
(NMWQEVGKAM, env) and 1249 (ILKEPVHGVY, gag),  grouping. Conservation of these novel epitopes across four
have been confirmed as A2-restricted epitopes by other re-regions of the world (Asia, North America/Europe, South
search groups. Novel A2 epitopes 1256 (NLWVTVYYGYV, Central America, and sub-Saharan Africa) is illustrated in
env, subject 0902991: A2, A30, B39, ?), 1247 (HLKTAVQ- Fig. 2a—c
MAV, pol, subject HO014M: A1, A2, B8, ?, Cw16), and It is entirely possible that this analysis of HIV sequences
1237 (DLADQLIHLY, vif, recognized by subjects 902991 has uncovered regions of HIV-1 that are essential, in some
and H0014M) may be restricted by A2, and not bind, or way, to the survival of the virus (the Achilles’ heel, or heels,
(unlikely in the cases where more than one subjects’ PBMC of the HIV-1 genome). For example, these regions may be
responded) the peptide may be restricted by other allelesrelevant for binding to cellular receptors, to the function of
possessed by this subject. certain proteins, or may be related to the three-dimensional

Peptide 1267 (FTTPDKKHQK, pol) stimulated an configuration of one of the virus’' proteins. However, it
ELIspot response but did not bind to T2-A11 in vitro. The should also be noted that only 45 of the peptides were
response was observed for subject (718001, ,AA&S8, conserved in more than 10% of their respective protein
B42, B45, Cw16, Cw17) who possessed both the A11 and database, after selection by EpiMatrix for high-scoring pep-
AB8 alleles. Thus, it would be difficult to determine which tides. The degree of conservation for each of the epitopes
allele was involved in presenting this peptide and whether would expand markedly if the amino acids were allowed to
the peptide might be presented in the context of another vary at “non-anchor” positions. A reanalysis of the peptides,
allele, including A68. This peptide was therefore classified allowing two amino acids to vary at non-anchor positions,
as an A3 supertype epitope, restricted by A11 or A68. is provided in the last three columns ©éble 4 Most of

In two cases, B7 peptides that stimulated ELIspot re- the peptides appear to be highly conserved (63 would be
sponse did not bind to HLA B7-transfected T2 cells (1302 conserved in greater than 10% of the sequences). A real-
(QPDKSESELYV, pol) and 1300 (LVILAIVALYV, vpu)). In istic estimate of the degree of conservation across clades
both cases, the peptide stimulated response from subject 228nay lie somewhere between these two estimates (absolute
These peptides therefore may be presented in the context ofonservation and allowing two amino acids to vary).
another allele possessed by this subject, such as A3, A24, Proteasomal cleavage sites adjacent to these conserved
B38, Cw07, or Cw12/13, however, EBP for these alleles, epitopes may affect the processing of the peptides, and may
with the exception of the A24 and the B38 motif, was low. not be as well conserved as the epitopes themselves. Vari-
Of note, none of seven B7 peptides bound to HLA A2 or ation of the proteasomal cleavage sites might abrogate the

A1l when tested in T2-A2 and T2-A11 binding assays. natural processing of the epitopes in the context of infection
by variant HIV-1 strains. Additional confirmation of the epi-
4.2. Supertype and promiscuous epitopes topes in the context of natural infections in other regions of

the world is planned, as it is currently difficult, using avail-

Five epitopes were recognized in the context of MHC able proteasomal cleavage site algorithms, to accurately pre-
“supertypes” and three were promiscuous epitopes. One pep-dict proteasomal cleavage (Bill Martin, EpiVax, unpublished
tide, CTRPNNTRK, was predicted to be restricted by A3 internal evaluation of proteasomal cleavage algorithms).
(and A11), a prediction that was confirmed in these studies. Several aspects of this study deserve additional scrutiny.
This peptide has been published as an A2-restricted epitopeFor example, all of the study subjects were recruited in
Thus, as predicted by our tools, this peptide is both promis- the Northeastern United States (Rhode Island and Mas-
cuous (A3, All, A2) and highly conserved in 10,143 out sachusetts). As their HIV-1 isolates were not sequenced,
of 24,599 env sequences in public databases (41%). Everit would be impossible to determine whether the subjects
though the peptides were selected first for conservation and,were infected with clade B or non-clade B isolates of HIV.
second, for probable presentation by one HLA allele, and the Furthermore, whether or not the sequences of the HIV virus
promiscuity function of EpiMatrix (now called “ClustiMer”)  species infecting the subjects corresponded exactly to the
[16] was not applied to this study, this study still serves to epitopes selected for this study is unknown. However, the
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data presented here are consistent with the hypothesis thaCTL epitopes can be identified. Cross-clade epitopes have
the responses observed are due to T memory cells respondpreviously been described by Walker and Weinhold and
ing to epitopes that are processed and presented in theothers[10,21,35,48,50]The studies described here appear
course of natural HIV infection. to be consistent with studies published by Weinhold and
In this study, we have not evaluated responses to the pep-co-workers[20] and Ferrari et al[20,21] The latter stud-
tides using blood samples obtained from individuals known ies used recombinant vaccinia virus constructs expressing
to be infected with other clades of HIV-1. However, there is whole genes and mixed populations of T cells derived from
(1) evidence from our conservation analysis that these epi-HIV-1 infected subject$10,35,50] Thus, the genes present
topes are conserved in a wide range of isolates from Africa, in those constructs probably included some of the epitopes
Asia, South America, and the Pacific and (2) additional proof identified using the bioinformatics approach used in the
of cross-clade recognition from as-yet unpublished studies present study.
conducted by Dr. Janet McNicholl and her colleagues using In other studies, Rowland-Jones et al. have evaluated
PBMC from clade A/C subjects indEe d’'lvoire. Seven se-  highly conservegeptide epitopes (instead of whole genes
lections from our list of peptides were confirmed in small cloned into vaccinia) for cross-clade T cell recognition
cohort of 16 Ivoirian subjects (Ann Charoudi, Dr. Janet Mc- (using cells from subjects infected with various clades of
Nicholl, unpublished data). In those studies, peptide 1261 HIV) [42,43,48] These studies provide exciting proof that
(SLYNTVATLY, gag) was recognized; both variations of our non-identical sequences representing non-clade B versions
B7 gag epitope (1308 TPQDLNMMLN and 1309 TPQDL- of an epitope can stimulate a single T cell clone. Thus, the
NTMLN) were recognized, and several subjects also re- promiscuous nature of TCR interaction with MHC—epitope
sponded to peptide 1295 (KPCVKLTPLC, gag). Three A3 complexes will further expand the potential for “cross-clade”
peptides 1283 (TVYYGVPVWK, env, A3 control epitope), recognition of conserved epitopes. Accordingly our es-
1331 (LARNCRAPRK, gag, novel A3 epitope), and 1332 timates of cross-clade conservatiofable 3, which are
(RLRPGGKKK, gag, published epitope) were also recog- based on absolute conservation of every amino acid in the
nized. These observations confirm our rationale for selecting sequence, may significantly underestimate the number of
cross-clade epitopes. isolates, with which T cells recognizing these epitopes may
In addition, in studies performed by Bond et al. in Thai- be able to cross-react.
land, CTL responses to five A11 peptides that were identical  For the final version of this manuscript, we reanalyzed
to peptides selected for the present study were evaluated irthe conservation our original 1997 peptides using an up-
nine clade E-infected Thai subje¢®. CTL responses were dated and inclusive 2002 database of HIV-1 sequences
observed in this study to four cross-clade epitopes that did (Table 4a—yl In performing the reanalysis, we found that
not stimulate T cell responses in Bond'’s cohort of nine Thai less than 50% of the peptides we originally identified in
subjects. Conversely, Thai study subjects responded to onel997 would have been selected using the same criteria on
epitope (1268 GIPHPAGLKK, two of nine subjects tested) the 2002 database, reflecting the fact that a greater variety
to which subjects recruited in Providence did not respond. of HIV-1 strains have been sequenced in 2002, with less
Whether these differences are due to epitope processing oclade B bias. Furthermore, we found that HIV-1 peptides
to individual subject differences as described by Lieber- are generally poorly conserved. For example, less than 250
man et al[32] and Betts et al[6], is unknown. Bond and  env peptides are conserved in more than 5% of the 2002
McNicholl's group also found CTL responses to a 11-mer env sequence database (data not shown)—a fact that re-
variant of our peptide 1283 TVYYGVPVWK (they evalu- flects the well known diversity of the HIV-1 genome and
ated peptidd/ TVYYGVPVWR). raises concern for HIV-1 vaccine development in general.
CD8+/CD4+ depletion was not performed prior to While some of the new peptides we would select from the
ELIspot assays, thus some of the responses observed coul@002 database were better conserved across clades than our
be due to class Il restricted responses. However, the HLA 1997 selections, fewer of these conserved peptides were
restriction for most of these epitopes was confirmed in immunogenic based on EpiMatrix score (data not shown).
binding studies using T2 cells expressing a single MHC  This study provides an illustration of the bioinformatics
molecule, and, in general, these peptides did not bind to approach to selecting broadly conserved T cell epitopes for
T2 cells expressing MHC class | molecules for which they HIV-1 vaccine development. Studies of acutely infected sub-
were predicted not to bind. Furthermore, where more than jects and long-term non-progressors (LTNP) have now con-
one subject responded to a peptide, the subjects were onlyincingly shown that broad CTL and Th responses to both
matched for the HLA A or B allele corresponding to the dominant and subdominant epitopes, restricted by multiple
peptide selections. Since it is extremely unlikely the re- HLA alleles, are associated with better control of HIV-1
sponding cells were matched at any of their class Il alleles, infection [41], accentuating the importance of broadly con-
by chance, all of the in vitro responses observed here areserved CTL epitopes. The epitopes described in this re-
likely be due to CD&- restricted responses. port are to be included in a DNA-vectored vaccine that
In general, ELIspot responses to these peptides pro-is similar in concept but different in approach from other
vide additional confirmatory evidence that cross-clade epitope-based HIV vaccing$2,20,25]
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