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Abstract

Background: Human immunodeficiency virus (HIV)-
specific CD8-positive cytotoxic T-lymphocytes (CTL) play
a key role in controlling HIV infection. Monitoring CTL
response could be clinically relevant during structured
therapy interruption (STI), HIV exposure, and vaccine tri-
als. However, HLA patients’ restriction and HIV variabil-
ity limited the development of a CTL assay with broad
specificity.

Materials and Methods: We designed an HLA-class
I/HIV-1 clade independent assay for assessing HIV-
specific CTL by using a computer-assisted selection
of the CTL epitopes. Twenty-eight 15-mers were se-
lected by peptide-binding motifs analysis using differ-
ent databases (HIV-Immunology Database, SYFPEITHI,
BIMAS). Altogether they putatively bind to more than
90% of HLA haplotypes in different populations, with
an overall HIV-1 variability below 9%. The peptide pool
was used as an antigen in an intracellular cytokine

staining (ICS) assay for quantifying HIV-specific CTL
response.

Results: The test can be performed using both fresh and
cryopreserved peripheral blood mononuclear cells (PBMC),
whereas GAG protein as antigen works only on fresh
PBMC. A significantly higher CTL response with respect to
HIV-negative controls was detected in all HIV-1 infected
subjects of two groups of patients with different ethnicities
(Caucasians and Africans) and coming from areas with dif-
ferent HIV-1 clade prevalences (clade B and A/G, respec-
tively). In Caucasian patients, after month of STI, the num-
ber of HIV-1 specific CTL (2896 + 2780 IFN-vy specific CD8
cells/ml) was significantly higher than that found at enrol-
ment (2125 * 4426 IEN-v specific CD8 cells/ml, p < 0.05).
Conclusions: These data indicate that this CTL assay is
broadly specific and could represent a useful clinical tool
for HIV immunodiagnostic independent of HLA-haplotype
and HIV-clade variabilities.

Introduction

Human immunodeficiency virus (HIV)-specific cyto-
toxic T lymphocytes (CTL) play a key role in the
control of viremia and consequent long-term sur-
vival from acquired immunodeficiency syndrome
(AIDS) (see McMichael et al. for review [1]). Failure
to control viremia, in either primary or chronic in-
fection, may be associated with escape mutations
arising within immunodominant epitopes (1-5).
Moreover, HIV-specific CTL cell responses decline
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after highly active antiretroviral therapy (HAART)-
induced viral inhibition and are significantly in-
creased by the viral rebound, consequent to therapy
interruption (6,7). Finally, anti-HIV-specific CTL re-
sponse has been reported in healthy (HIV-negative)
contacts of HIV-infected subjects (8-10). Thus, fine
measuring of CTL responses against HIV could be
useful in monitoring the patient’s immune status
during HIV infection, as well as in assessing the
anti-HIV-specific CTL response in healthy subjects
in particular risk groups.

Early analyses of CTL responses to HIV were
measured by a limiting dilution technique where T
lymphocytes responding to HIV were cloned and
counted through a cumbersome process (11). In con-
trast, the recent development of more sensitive CTL
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assays allows a rapid quantification of antigen-specific
CTL responses. Intracellular cytokine staining (ICS),
MHC class I tetramer staining and ELIspot assays
may allow a precise assessment of HIV-specific
T-cell function and frequency (12-15). In this context,
ICS is more sensitive than ELIspot analysis (16)
and, like the tetramer assay, allows the simultane-
ous phenotypic analysis of the responding cells.
Moreover, ICS can provide quantitative, functional,
and phenotypic assessment of CD8" T cells, whereas
tetramer analysis is unable to provide a functional
analysis and is usually restricted to a single peptide
epitope. Finally, ICS only requires that whole proteins
or peptide antigens are added to the cells, allowing
the simultaneous analysis of both MHC class I and
I restricted T-cell responses (17). Thus, ICS represent
the ideal assay to monitor the functional reactivity of
HIV-specific CTL in a broad range of individuals.

In the study of CTL-specific responses, a strong
limitation is imposed by the restriction of the subject
HLA haplotypes (1,18). In this context, it is worth
noting that the response to a single immunodomi-
nant HIV epitope recognized by an HLA allele is not
always present in subjects carrying that allele, but
other HIV epitope responses restricted by other sub-
ject HLA class I alleles could be present (13). More-
over, in most infected individuals the CD8" T-cell
response to HIV is broad with multiple epitopes
restricted by different HLA-A, -B, or -C alleles
(6,19,20). Therefore, the accurate quantification of a
total HIV-specific CD8" T-cell response will require
assessment of the response to all possible epitopes,
ideally covering all the epitopes that could bind pa-
tient’s HLA haplotype.

The “reverse immunogenetics” approach by using
the HLA peptide-binding motifs has been successful
to define T-cell epitopes and to find new peptide epi-
topes that can be used for assessing T-cell response
(20,21). Interestingly, the peptide binding motifs are
now available for a large number of HLA class I and
class II alleles covering more than 90% of HLA hap-
lotypes in different populations (20-22). Moreover,
the variability of the virus protein sequences should
also be considered in designing epitopes for assess-
ing CTL response in HIV-infected subjects. In fact,
mutations inside the epitope could either alter the
binding ability to the HLA molecule, as well as the
affinity for the epitope specific TCR (23).

Here we report the use of HLA-peptide binding
motif to select promiscuous peptides on the most
conserved areas of GAG HIV gene product for mon-
itoring the CTL response in HIV infected subjects by
using ICS tests for detecting IFN-y producing cells.

Materials and Methods
Subjects
A total of 17 HIV-1 infected patients were recruited

in this study. Twelve patients were from the Clinical
Divisions of the INMI “L. Spallanzani,” Rome, Italy

(3 men, 9 women; mean age 39 years [range 26-55],
all Caucasian) with a CD4" cell counts of 673/ul
(range 501-878) and undetectable viremia (below
80 copies/ml, branched DNA). All of these patients
were undergoing HAART and were evaluated at the
time of enrolment and at 1 month after HAART in-
terruption for side effects (mainly lipodystrophy).
At this time, they presented a reduced CD4" cell
counts of 509/ul (range 340-894) and an increased
viremia 2896 copies/ml (range 80-670,000) (Table 1).
In contrast, five patients were from the CIRBA,
Abidjan, Ivory Coast (2 men, 3 women; mean
age 36 years [range 33-42], all Africans) with CD4"
cell count 468/ul, (range 174-1132) and viremia
130,296 copies ml~ ' (range 6162-473,480) (Table 1).
One out of five patients was under HAART, while
the others did not receive any treatment at the time
of enrollment.
The prevalent clade of HIV-1 virus in Italy is
clade B whereas in Ivory Coast is clade A/G (25).
All patients signed an informed consent as ap-
proved by the Institutional Review Board of the In-
stitute “L. Spallanzani,” Rome Italy and by the Insti-
tutional Review Board of CIRBA, Ivory Coast.
Eight buffy coats were obtained from healthy
donors and used as negative controls in all assays.

Sequence Analysis of Gag HIV-1 Protein and
Epitope Prediction

HIV-1 Gag protein sequences were downloaded
from a GeneBank protein database. A total number
of 814 protein sequences were analyzed and aligned
by Antheprot software (26).

The consensus sequences of the most conserved
areas were submitted for the identification of HLA
peptide-binding motifs on HIV-Immunology Data-
base (http://hiv-web.lanl.gov/immunology/) (20) for
94 HLA-class I serotypes (Al, A10, A11, A19, A2,
A2.1, A23, A24, A25, A26, A28, A29, A3, A3.1, A30,
A31, A32, A33, A34, A35, A36, A43, A66, A68, A69,
A74, A9, B12, B13, B14, B15, B16, B17, B18, B22,
B24, B27, B35, B37, B38, B39, B40, B41, B42, B44,
B45, B46, B47, B48, B49, B5, B50, B51, B52, B53,
B54, B55, B56, B57, B58, B59, B60, B61, B62, B63,
B64, B65, B67, B7, B70, B71, B72, B73, B75, B76,
B77, B78, B8, B81, Bw52, Bw57, Bw60, Bw62, C4,
Cwl, Cwl0, Cw2, Cw3, Cw4, Cw5, Cw6, Cw7,
Cw8, Cw?9), corresponding to 281 different HLA
class I alleles (27). Subsequently, the areas of Gag
protein identified as containing a large number of
peptide binding motifs, were analyzed by the quan-
titative implemented HLA peptide-binding motifs
databases SYFPEITHI (http://www.syfpeithi.de)
(28) and BIMAS (http://bimas.dctr.nih.gov/molbio/
hla_bind/) (29) for prediction and scoring of each
putative epitope for all the available HLA class I
alleles in the two databases. A further analysis
was made by PAProC (http://www.paproc.de) (24)
to identify the most probable area of proteasome
processing to properly design overlapping peptides
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Table 1. Main characteristics of HIV-infected patients enrolled in the study

At Enrollment

1 Month After HAART Interruption

CD4 CD8 Viral Load
HAART (N/ul) (N/ul) (copies/ml) (N precursors/ml) (N/ul) (N/ul) (copies/ml) (N precursors/ml)

Patient Sex Age Race

Anti-GAG
Peptides CTL

Anti-GAG

Peptides CTL CD4 CD8 Viral Load

CO1 F 37 Caucasian Yes 878 1153 <50
Co3 F 36 Caucasian Yes 795 559 <50
C04 M 47 Caucasian Yes 788 1508 <50
CO05 F 26 Caucasian Yes 759 1427 <50
C08 F 50 Caucasian Yes 501 1446 <50
Cl10 F 40 Caucasian Yes 502 651 <50
Cl1 F 38 Caucasian Yes 512 435 <50
C13 F 31 Caucasian Yes 625 623 <50
C15 F 30 Caucasian Yes 622 870 <50
Clé F 34 Caucasian Yes 601 948 <50
C18 M 55 Caucasian Yes 632 1392 <50
C29 M 47 Caucasian Yes 862 1425 <50
A66 F 35 African Naive 1132 907 11027
A67 M 36 African Naive 511 1142 11230
A68 F 34 African Yes 535 2153 6162
A69 F 33 African Naive 186 1458 473480
A70 M 42  African Naive 174 1258 149548

922 644 1342 2900 805
727 678 1724 170000 7068
452 347 2597 670000 2619
3710 894 1995 300 7182
864 340 2726 71000 6815
391 509 956 80 383
391 401 1505 85000 4214
141 493 705 42000 187
87 426 1683 10000 505
15831 471 701 19000 2804
417 522 1508 57000 151
1567 382 1444 770 2021
1451 n.a.* n.a. n.a. n.a.
1028 n.a. n.a. n.a. n.a.
3229 n.a. n.a. n.a. n.a.
728 n.a. n.a. n.a. n.a.
1887 n.a. n.a. n.a. n.a.

*n.a., not applicable.

containing more than one binding profile. At the end
of analysis each selected 15-mer contained one or
more epitopes putatively able to bind, with a mini-
mum of 30% of the maximum binding of any allele
belong to a HLA-class I serologic specificity, at least
two different HLA serologic specificities for each
HLA class I locus (A, B, or C) and recognized by HLA
class I gene products from two different loci.

Peptides and Protein

Peptides of 15 amino acids in length were used in-
cluding selected regions from the HIV-1 Gag protein.
The peptides were purchased from Sigma-Genosys
(Cambridge, UK) as free amino acids. All synthetic
peptides were purified by reverse-phase chromatog-
raphy (RPC) >90% purity. Sequence and purity were
confirmed by mass spectrometry and analytical RPC.

Lyophilized peptides were resuspended in DMSO
at stock concentrations of 10 mg/ml for each peptide.
Peptide mixes contained an equi-concentration of all
the 28 peptides.

Purified Gag protein (100 nug/ml) was obtained
by Protein Science (Meriden, CT, USA) and was
used at final concentration of 3 ug/ml.

Antibodies

Unconjugated mouse-anti-human CD28 (IgG1, clone
CD28.2); unconjugated mouse-anti-human CD49d

(IgG1, clone 9F10); fluorescein (FITC)-conjugated
mouse-anti-human IFN (IgGl, clone B27); PE-
cyanine-5 (Cy-5)-conjugated mouse-anti-human
CD3 (IgGl, clone RPA-T3); AlloPhycoCyanin
(APhC)-conjugated mouse-anti-human CD8 (IgGl,
clone RPA-T8) monoclonal antibodies, and FITC-
conjugated IgG1 isotype-matched control (IgG1 clone
MOPC-21) were obtained from Becton Dickinson
Immunocytometry Systems (San Jose, CA, USA).

Cell Stimulation

Peripheral blood mononuclear cells (PBMC) were
obtained using standard Ficoll-Hypaque (Pharma-
cia, Uppsala, Sweden) density centrifugation. Stim-
ulation was performed as already described with
minor modifications (13,17). Fresh or live thawed
PBMC (1 X 10° in 1 ml of complete RPMI 1640,
10% v/v heat-inactivated FCS, 2 mM r-Glutamine,
10 U/ml penicillin/streptomycin, were incubated
with 1 ug each of anti-CD28 and CD49d monoclonal
antibodies and 1 ug mix of GAG peptides and 3 ug
of GAG protein. To control the spontaneous cytokine
production, cells incubated with only anti-CD28
and -CD49d were included in each experiment. The
IFN-v release induced by PMA (50 ng/ml) plus ion-
omycin (10 ug/ml) was used as a positive control.
The cultures were incubated at 37°C in a 5% CO,
incubator for 1 hr, followed by additional 5 hr
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incubation with 10 ug/ml of the secretion inhibitor
Brefeldin-A (Sigma, St. Louis, MO, USA).

Immunofluorescent Staining

Peptide-stimulated and control cultures were washed
in cold Dulbecco’s phosphate-buffered saline (dPBS)
containing 1% BSA and 0.1% sodium azide. Cells
were washed twice in PBS, 1% BSA, and 0.1%
sodium azide and stained with monoclonal antibodies
specific for the membrane antigens described above
for 15 min a 4°C. Samples were then fixed in 1%
paraformaldehyde for 10 min at 4°C, incubated with
anti-interferon (IFN)-y monoclonal antibody diluted
in PBS 1X, BSA 1%, and saponin 0.5%. The cells were
finally washed twice in PBS 1X, BSA 1%, 0.1%
saponin, and resuspended in FACS FLOW before
acquiring on FACScalibur (Becton Dickinson). Con-
trol for nonspecific staining was monitored with
isotype-matched monoclonal antibody and nonspecific
staining was always subtracted from specific results.

Flow Cytometric Analysis

Six-parameter flow cytometric analysis was per-
formed on a FACScalibur flow cytometer (Becton
Dickinson Immunocytometry Systems), using FITC,
PECy-5, and APhC as the fluorescent parameters. At
least 100,000 live events were acquired, gated on
small viable lymphocytes. Data files were analyzed
using CellQuest software (Becton Dickinson).

Statistical Analysis

Demographic data are presented as means * stan-
dard deviations (SD) of the mean. Comparisons

among groups were performed by using the
Wilcoxon and Fisher test, as appropriate. A positive
cut-off value of 50 IFN-y GAG-specific CD8 cells/ml
was established on the mean + 3 SD of the test re-
sults of the eight buffy coats obtained from HIV-
negative healthy donors.

Results
Selection of Promiscuous HIV-Gag Epitopes

A consensus sequence of HIV-1 GAG protein was
obtained by CLUSTALW alignment using Antheprot
software from 784 full-length GAG sequences of
HIV-1 presents in the GeneBank protein database
(Fig. 1). The most conserved areas of the protein,
mainly related to the pl17 and p24 products of the
full-length GAG precursor, were then screened for
the presence of HLA class I peptide-binding motifs
by using the Epitope motif search facility at the HIV-
Immunology Database covering 94 HLA-class I
serotypes (see Methods section for the list of
serotypes included in the screening), corresponding
to 281 different HLA class I alleles. The five most
conserved areas were identified as containing a
higher number of HLA class I epitopes covering
less than one-third of the overall Gag protein
sequences. Two of these corresponded to the pl17
(amino acids 19-53 and 66-89 of the consensus se-
quences) and three to the p24 (amino acid 150-180
and 181-200 of the consensus sequences) GAG
product (Fig. 1).

These selected areas were then analyzed for scor-
ing each putative epitope by quantitative implemented

10 20 30 q0 &0 ED
| | | | |
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Fig. 1. Consensus sequence alignment
and CTL epitope prediction of GAG
protein. GAG protein sequences deposited
in GeneBank were aligned and consensus
analyzed for the presence of HLA class 1
peptide-binding motifs by using the Epitope
motif search facility at the HIV-Immunology
Database. Amino acids with 100% identity
were depicted as normal character, amino
acid with >75% identity were reported in
italics, amino acids with >50% identity were
reported in bold, and amino acids with
<50% identity were highlighted in grey.
Gaps in the sequence represent amino acids
of GAG protein present in less than 10% of
the deposited sequences. Promiscuous HLA-
class I epitope areas were underlined.
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HLA binding motif databases SYFTHPEY and BIMAS.
Moreover, to take into account any possible contribu-
tion of the HIV-1 virus variability, the analysis was ex-
tended to every consensus sequences including all of
the amino acid changes reported in the selected areas
(all with >50% identity, see Fig. 1). Finally, to design
properly overlapping peptides for areas containing
more than one epitope binding profile, the consensus
sequence was analyzed by PAProC identifying the pu-
tative positions of proteasome cleavage along the
GAG sequence.

At the end of analysis 28 different 15-mers span-
ning the 5 selected areas were designed (Table 2).
Each selected peptide contained (1) epitopes with a
binding score higher than 30% of the maximum ad-
mitted for the listed serotype for (2) at least two dif-
ferent HLA-serotypes of any HLA-class I locus on (3)
at least two different HLA-class I loci (Table 2). The
HLA specificities evaluated for scoring the epitopes
were able to cover more than 90% of the different
HLA class I haplotypes in different human popula-
tions (data from XII IHW; Table 3).

The HIV-1 variability of each designed peptide
was evaluated by adding all of the mutant positions
with respect to the designed peptide found by the Epi-
tope Aligner on the 122 HIV-1 Gag sequences of the
HIV-Immunology Database. All of the peptides pre-
sented variability from 1.2-20.5% (Fig. 2). However,
because eight peptides represented a point-mutated
form of other peptides (see Fig. 2, peptides: 1.2a and
1.2b, 1.3a and 1.3b, 1.5a and 1.5b, 2.1a and 2.1b, 2.3a
and 2.3b, 4.1a and 4.1b, 5.4a and 5.4b, 5.5a and 5.5b)
that took into account critical changes in HIV-1 vari-
ability in areas that could be responsible for the inter-
action between the HLA class I/peptide complex and
TCR interaction, the overall variability when these
peptides were evaluated together was less than 9%
(Fig. 2, insert).

Analysis of IFN-vy Release of CD8" T Cells in Response to
the Selected Epitopes in Different Populations

The selected 28 peptides were then used in a pool
for assessing the IFN-v release in CD8" T cells by
ICS in fresh and frozen PBMCs of HIV-1 infected pa-
tients in comparison to recombinant GAG protein.
The IFN-v release of CD8™ T cells in response to the
GAG protein was significantly reduced in frozen
compared to fresh PBMCs, while the pool of GAG
peptides was able to induce a HIV-1 specific CD8-
response in fresh as well in frozen cells (Fig. 3A).

Subsequently, the GAG peptide pool was used
to assess the IFN-vy release in CD8" T cells in HIV-
1-infected subjects with different viral loads, in dif-
ferent ethnic populations from geographical areas
with a different HIV clade prevalence on cell bank
samples.

Twelve Caucasian subjects were evaluated at en-
rolment of the study when they were under effective
HAART (with a viral load <50 copies, branched
DNA). At this time point, by using the GAG peptide

pool as stimulus, we were able to detect a signifi-
cantly higher response (2125 *+ 4426 IFN-y-specific
CD8 cells/ml, p < 0.05 versus HIV-negative controls,
Table 1) in comparison to HIV-seronegative controls
(Fig. 3B). In contrast, in the same cell bank samples
the response to recombinant GAG proteins was pre-
sent in only 3 out of 12 subjects (p < 0.001 versus
peptide pool, Fisher’s exact test; Fig. 3B).

These 12 Caucasian HIV-positive patients were
also evaluated 1 month after HAART interruption.
At this time point, a viral rebound was observed
(94,004 = 188,175 copies branched DNA, p < 0.001
respect to enrolment; Table 1) together with a reduc-
tion of CD4 cells counts (509 * 161/ul, p < 0.05
respect to enrolment; Table 1) and an increase of
CD8 cells counts (1574 * 644/ul, p < 0.05 respect to
enrolment; Table 1). By using the GAG peptide pool
as stimulus, a significantly higher anti-HIV-specific
CD8" response was detected (2896 = 2780 IFN-
y—specific CD8 cells/ml, p < 0.05 versus enrolment;
Table 1), confirming that the enumeration of IFN-y
cells by ICS should be useful for monitoring the
anti-HIV-specific CD8 response (1,6,7). The response
against recombinant GAG protein was present only
in 2 out of the 12 patients after HAART interruption
(r < 0.001 versus peptide pool, Fisher’s exact test;
Fig. 3B).

The ability of the GAG peptide pool to detect
anti-HIV-specific CD8 response independently of
the HIV-clade and HLA variability was assessed in
five HIV-1-infected African subjects enrolled in a
country with different HIV-1 clade prevalence. All
HIV-infected African patients present a high fre-
quency of GAG specific CD8" T-cells producing
IFN-y (1665 = 978 IEN-vy specific CD8 cells/ml,
p < 0.05 versus controls), however not different to
HIV-1-infected Caucasian individuals (p > 0.05 ver-
sus HIV-1l-infect Caucasians) (Table 1). Thus, this
pool of HLA-class I promiscuous HIV-1 clade inde-
pendent peptides may allow one to perform cohort
studies of HIV-specific CTL response on biological
bank samples.

Discussion

HIV-specific CTLs play a key role in controlling HIV
infection (1). Accurate monitoring of these cells
could represent an important tool for determining
the effects of HIV therapy (1,6,7,13). However, some
limitations in the use of tests for determining the
amount of the HIV-1-specific CTL in the daily clini-
cal management of HIV-infected subjects are repre-
sented by the HLA patients’ restriction and the inter-
and intraclade variability of the HIV-1 virus (18).
In this study, we confirmed the utility of ICS as-
say for assessing cytokine production to measure HIV-
specific CD8™ T-cell responses. Moreover, we showed
that this assay could be used for HIV immunodiagno-
sis using a pool of HLA-class I promiscuous and HIV-
clade-independent peptides. This method may allow



Table 2.

Binding score of each selected peptide for the HLA specificities evaluated

HLA-A HLA-B HLA-C
Peptides Al A2 A3 A24 A31 A33 A68 B7 BS Bl4 B15 B27 B35 B37 B38 B39 B40 B44 B51 B52 B58 B60 B61 B62 Cw3 Cw4 Cw6 Cw7
1.1: EKIRLRPGGKKKYRL 40 42 81 — — 8 — 4040 — 45 70 8 — 11 — — — 26 — — 37 — 45 — 18 — 11
1.2a: PGGKKKYRLKHLVWA 2041 33 — 6 — — 3477 12 32 46 9 — 27 10 — — 10 — — 10 10 10 — — — 7
1.2b: PGGKKKYRMKHLVWA 20 41 33 — 10 — — 3452 10 35 46 — — 27 10 — — 10 — — 10 10 10 — — — 7
1.3a: KKYRLKHLVWASREL 14 61 37 6 33 10 12 2940 6 42 43 — 10 42 45 12 — — 15 11 — — 8 45 11 — —
1.3b: KKYRMKHLVWASREL 14 61 37 6 66 10 12 2940 6 42 38 — 10 42 45 12 — — 15 11 — — 8 45 11 — —
1.4: KHLVWASRELERFAV 26 33 46 — — 33 74 3735 — 42 38 42 15 — 45 10 — — — 57 — 8 — 45 — — —
1.5a: RELERFAVNPGLLET 46 61 48 25 6 — — 3138 45 45 70 12 50 12 39 63 — 31 — 18 75 60 — 8 52 — —
1.5b: RELERFAVDPGLLET 46 58 48 25 — — — 3438 45 42 70 12 50 12 37 63 — 31 — 18 75 60 — 6 52 — —
2.1a: SAPKTGTEELRSLYN 68 47 26 10 — — 18 6863 — 45 38 8 — — 47 — 55 65 — 67 — — — — 45 — 27
2.1b: SALKTGTEELRSLYN 68 47 26 10 — — 18 6863 — 45 38 8 — — 47 — 55 65 — 67 — — — — 45 6 27
2.2: EELRSLYNTVATLYC 18 8 53 33 — — 6 3744 21 41 40 42 10 8 27 47 8 18 38 31 68 88 33 9 15 — 65
2.3a: SLYNTVATLYCVHQR 38 8 53 22 — — 19 3732 21 41 32 12 — — — 12 — 8 38 19 21 15 33 9 15 — 65
2.4b: SLYNTVAVLYCVHQR 38 8 53 22 — — 19 37 32 21 38 32 12 — — 12 — 8 38 19 21 15 33 9 15 — 65
3.1: SPRTLNAWVKVIEEK 16 61 26 — — — 14 6037 — 12 65 22 11 — — 16 — 38 11 12 — 12 — 8 11 — 45
3.2: KVIEEKAFSPEVIPM 26 36 46 13 — — — 3742 — 32 43 74 33 — — — — 29 23 — 33 67 12 — 63 — 9
3.3: EKAFSPEVIPMFSAL 24 44 46 27 — — 39 4037 24 45 43 74 12 — 21 25 — 29 27 78 77 — — 42 63 75 23
3.4: SPEVIPMFSALSEGA 24 44 46 — — — 39 4037 24 45 16 21 — — 21 25 — 9 27 — 77 — — 42 8 75 —
4.1a: ATPQDLNMMLNIVGG 24 75 33 15 — — — 6039 — 39 38 33 45 18 7 — — 32 12 — 33 43 — — 33 79 —
4.1b: ATPQDLNTMLNIVGG 24 75 33 15 — — — 5739 — 39 38 33 45 18 7 — — 32 12 — 33 43 — — 33 79 —
42: QDLNMMLNIVGGHQA 14 75 37 — — — — 2030 — — 29 — 45 8 — — — 9 12 — — 43 — — 11 79 —
43: MMLNIVGGHQAAMQM 12 42 42 — — — 12 3415 — 32 38 12 11 — — — — 7 — — — — — — 11 13 —
5.1: SNPPIPVGDIYKRWI 44 36 46 — 12 17 12 57 43 21 16 54 66 10 — — 13 — 55 11 — 13 — — — 10 12 57
5.2: GDIYKRWIILGLNKI 16 75 35 59 12 17 — 3152 66 39 54 — 72 — 63 73 — 21 7 — 8 — 16 9 56 80 20
53: KRWIILGLNKIVRMY 36 75 56 — 44 78 12 2325 8 19 46 — 8 — 63 — — 9 8 — — — 8 — — 100 27
5.4a: LGLNKIVRMYSPVSI 36 44 42 — 8 6 — 2325 7 16 46 24 — — 15 — — 9 9 — — — 8 — — 42 27
5.4b: LGLNKIVRMYSPTSI 36 44 42 — 8 6 — 2325 7 16 4 24 — — 8 — — 9 9 — — — 8 — — 42 27
5.5a: RMYSPVSILDIKQGP 24 66 28 37 — — — 4342 — 39 30 3 — — — — — 62 32 — — — — 16 31 10 —
5.5b: RMYSPTSILDIKQGP 24 66 28 37 — — — 4342 — 39 30 3 — — — — — 62 32 — — — — 16 31 10 —

The percentage of the maximum binding of any allele belongs to a HLA class I serologic specificity analyzed is reported for all the designed peptides. HLA class I serologic specificities are grouped per
HLA locus (HLA-A, -B, -C). Peptides are listed on the left and numbered according to the area of GAG protein (see Fig. 1). Peptides shared the same base sequence are listed with the same number
followed by a different letter. Prediction values below 5% are indicated with a dot, between 5-29% are reported with normal character, between 30-49% are underlined, higher than 50% of the
maximum binding are bolded.
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Table 3. Frequencies of the HLA class I specificities analyzed in selecting the putative CTL epitopes in the Gag

protein (data from XII IHW)

Populations
HLA Specificity* Caucasian North African African Asian Amerind
Al 14.3 3.6 4.7 2.2 4.2
A2 27.8 13.6 16.9 25.1 31.5
A3 12.6 5.9 6.1 1.1 2.6
A24 8.9 5.4 3.4 24.3 18.0
A31 2.5 0.8 2.6 5.1 24.2
A33 1.7 8.0 8.2 7.8 5.1
A68 4.1 2.4 8.1 1.2 0
B7 9.2 4.2 7.4 8.6 2.7
B8 8.7 3.4 4.9 0.1 2.6
B14 3.7 3.6 2.8 0.4 3.2
B15 3.3 5.2 9.3 10.2 10.8
B27 3.8 1.7 1.2 1.8 1.0
B35 9.7 4.8 8.9 6.5 25.8
B37 14 0.8 0.7 0.7 0
B38 2.8 0.8 0.2 2.2 2.1
B39 1.9 4.5 1.2 3.6 17.9
B40 0.8 1.2 0.3 6.3 12
B44 12.1 5.1 5.8 5.4 2.2
B51 6.5 2.5 2.8 5.3 9.5
B52 1.6 2.5 2.7 5.8 2.4
B58 1.5 6.3 8.5 1.8 0.2
B60 3.4 0 0.4 4.4 1.5
B61 1.6 0.8 0.3 6.2 8.0
B62 4.7 1.8 0.8 9.2 5.3
Cw3 6.3 2.8 1.3 12.2 1.1
Cw4 12.3 11.8 16.5 5.7 18.9
Cwéb 9.0 8.0 10.5 3.9 4.6
Cw7 233 13.7 17.4 17.0 30.6
Overall 96 % 91% 93% 95 % 98%
Specificityt

*Data summarize the frequencies of the HLA class I alleles included in the serologic specificities reported and used for analyzing the

putative CTL epitopes of GAG protein.

tOverall frequency of the HLA class I haplotypes in the different populations including the serologic specificities analyzed.

for the rapid characterization and quantification of the
specific CTL response in any HIV-infected patient,
independently of their HLA haplotype and can be
used on both fresh and cryopreserved PBMC samples,
as already reported when using single or pool of pep-
tides as antigens (13,17).

An important aspect in setting a diagnostic as-
say is to use a rapid and easily automated system
working on virtually all of the subjects who carry
the disease. In this context, ICS staining for assess-
ing the specific CTLs has been shown to present
several advantages in comparison to other tech-
niques such as tetramer staining and ELISpot. In
fact, ICS allows for testing multiple peptides at
a single time and provides at the same time quan-

titative and phenotypic assessment of CD8" T re-
sponding cells (12-16). Moreover, the technique
could be easily automated and made routine by
using analytical instruments already available in
most clinical laboratories that perform flow-
cytometric analysis. In comparison with other ana-
lytical systems for assessing CTL response, this is
economically advantageous.

As a target for assessing the anti—-HIV-specific
CTL response, we used the GAG protein because it
reassembled some important characteristics for set-
ting a diagnostic test. First, CTL response to GAG
derived peptides and GAG protein are commonly
found in most HIV-infected patients (13-17). Sec-
ond, the GAG protein is one of the most conserved
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Fig. 2. Analysis of the HIV-1 interstrain variability of each
designed peptide sequence. The percentage of interstrain
variability (on the ordinate) is reported for each single peptide
sequence. Peptides sharing the same based sequence, in order to
take into account critical changes in HIV-1 variability are reported
as closed bars. Peptides in which sequences are represented only
once are depicted as open bars. Inset: the overall variability of the
peptides sharing the same base sequence is reported.

HIV-1 gene products (25) allowing for the selection
of a few specific regions representative of almost all
HIV-1 clades, circumventing the problem of HIV-1
virus variability. Goulder et al. (30) have shown
that two-thirds of the response against GAG epi-
topes recognized by HIV-1 clade -B and -C infected
subjects is located in 3 out of 46 peptides spanning
the pl17 and p24 sequences, irrespective of the
clade and ethnicity. However, there were distinc-
tive differences between the dominant responses
made by Caucasians and Africans. Interestingly,
the areas covered by the three peptides identified
in Goulder’s study are included in our pool of HLA
class I promiscuous and HIV-clade-independent
GAG peptides. Moreover, as demonstrated by Betts
et al. (13) by using ICS associated with pool matrix
peptide analysis of 95 optimal GAG, POL, ENV,
and NEF CTL-peptide epitopes of the HIV im-
munology database (20), the individual’s overall
CTL response to HIV is inadequately represented
by the response to a single or few epitopes. An
accurate quantification of the total HIV-specific
CD8-response will require assessment of the re-
sponse to all possible epitopes. In fact, although
some patients sharing HLA alleles occasionally rec-
ognize common peptides, the response is rarely
concentrated on a few dominant epitopes in the
same group of patients (17).

The advantages of using ICS and GAG as targets
for assessing the HIV-specific CTL response was
associated with the computer-based selection of
peptide epitopes putatively able to bind to more
than 90% of the HLA class I haplotypes in different
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Fig. 3. (A) Use of the selected GAG-derived peptides and
GAG protein for the identification of IFN-g producing CD8-
specific T cells in fresh and frozen PBMCs of HIV-

infected subjects. Fresh (upper panels) and frozen (lower panels)
PBMCs of an HIV-1-infected subject were stimulated with re-
combinant GAG protein (left panels) or the pool of the selected
GAG-derived peptides (right panels) as described in Materials and
Methods. Each cytofluorimetric panel shows the CD8" cells (on
the ordinate) producing IFN-vy (on the abscissa). The frequency
of IEN-y/CD8™ cells over the total of CD3* lymphocytes for each
cytofluorimetric panel is reported. One of three independent ex-
periments is shown. (B) Quantification of the CTL response
against recombinant GAG protein (solid triangles) and the
pool of selected GAG-derived peptides (open circles) in cell
bank samples of Caucasian HIV-1-infected subjects at the
time of their enrolment in the study and one month after
interruption of HAART and in HIV-negative healthy con-
trols. The number of CD8" IFN-y-producing cells/ml of blood is
reported on the ordinate. Positive cut-off value of 50 IFN-y Gag-
specific CD8 cells/ml established on the mean + 3 SD of the
negative control sample test results is reported as a dashed line.

populations and designed to take into account the
natural process with which an endogenous protein
is processed by proteasome (21,22,24). Interestingly,
all of the HLA class I promiscuous GAG-epitope
peptides identified in this study have already been
identified as epitopes able to bind to one or more
HLA molecules (see Brander and Goulder [20] for a
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review). By using a computer-assisted selection of
the HLA class I epitopes, one of the greatest advan-
tages is that a reduced number of peptides able to
cover almost all of the HLA specificities can be used
instead of overlapping peptides spanning all of the
protein sequences for setting a CTL assay. In the de-
sign of a CTL assay for HIV immunodiagnosis, con-
sidering the possible variability in the individual’s
CTL response, we selected 20 different 15-mer, with
eight multiple sequences for HIV-1 variability, that
are representative of the response against GAG pro-
tein in all HIV-1-infected subjects that we tested in-
dependently of their HLA haplotype and HIV-1 virus
clade. Therefore, the selected peptides that we used
are considerably less than approximately 100 over-
lapping 15-mer that have been used for covering the
most relevant GAG protein sequences. Moreover, our
peptide mix is different from the 37 optimal GAG
peptides reported in the HIV immunology database
that have previously been used (13,17) and of the 187
GAG epitopes reported in the database itself (20).

The fine assessment of the CD8™ T cells response
during HIV infection should represent an important
goal for monitoring HIV-infected patients during
different stages of infection. In fact, it is well known
that CD8 T cells play a critical role in the control of
HIV infection (1). Specifically, the appearance of
HIV-specific CD8" T cells is closely associated with
the drop in viremia (1,31) and that HIV-infected
subjects who do not efficiently control the virus dur-
ing their primary infection have been associated
with rapid progression to AIDS (1). Moreover,
CD8™" T cells select viral escape mutations, suggest-
ing that they exert considerable selective pressure
on the virus (2-5). During HAART, the anti-HIV
specific CD8 response is reduced and increased by
therapy interruption as reported in this study and by
others (6,7). Finally, in AIDS patients, when the im-
mune system is dramatically compromised, in the
presence of a very high viral load the anti HIV-spe-
cific CTL response is significantly reduced (1). Thus,
the routine analysis of the CTL response evocated
during HIV infection may represent an important
tool to monitor the immune status of the HIV in-
fected patients for identifying anti-HIV-specific CTL
response in healthy (HIV-negative) contacts of HIV-
infected subjects (8-10) or in subjects undergoing
HIV-1 vaccine trials.

In conclusion, we demonstrated the efficacy of
computer-assisted predictions in defining the physi-
ologically relevant or immunodominant epitopes
independently of the HIV-1 variability and major
histocompatibility complex diversity. This approach,
combined with the rapid and sensitive evaluation by
ICS assays for measuring CTL response, may represent
an important tool both for diagnostic purposes and
vaccine design. The HIV-1 GAG CTL assay de-
scribed in this study has a broad specificity and is
rapid, sensitive, and inexpensive. This technology
could be transferred to other infectious diseases

where monitoring or boosting CTL responses could
be clinically relevant.
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