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Individuals infected with different subtypes of HIV-1 (A, B, C, D, CRFO1_AE and CRFO2_AG) were analyzed
for their antigen-specific immune response with respect to their HLA genetics. The p24 Gag protein was
selected for analysis, since previous studies of the same cohort of patients had shown that almost 80% of
these individuals responded to Gag peptides of subtypes A, B and/or C. A large number of Gag antigen-

HIV-1 specific responses were recorded. Both previously recognized as well as new epitopes were identified,
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assumed to bind HLA classes I and/or II. Fifteen individuals showed class I cellular responses to T cell
epitopes irrespective of the infecting virus subtype. For five individuals infected with subtypes A, B, D and
CRF02_AG, new T cell epitopes are described. Responses related to the patient’s class I alleles are frequent,

and several new putative class Il responses were found.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

There is a critical need for an effective Human Immunodefi-
ciency virus type-1 (HIV-1) vaccine, in particular in developing
countries where HIV infection is spreading at high rates. How-
ever, HIV-1 viruses circulating in these geographical areas show
considerable genetic and antigenic variations, which may be a
limiting factor to the development of an effective vaccine. As
a consequence of virus variability, such a vaccine has to elicit
immunological responses against a diverse array of viral vari-
ants both within and between viral clades. Several studies have
indicated that HIV-specific CD4* T-helper and CD8* cytotoxic T
lymphocytes (CTLs) play a key role in controlling HIV-1 viremia
and disease progression. In particular, CTLs appear to control the
progression of HIV-1 infection, as well as to play a key role in
determining the status of long-term non-progressors [1-6]. In
addition, potent HIV-1-specific CD4+ T cell proliferative responses
have been shown to be inversely related to viral load and
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to be present in long term non-progressing individuals (LTNP)
[7-10].

The pattern of epitopes recognized by CTLs and CD4" T cells
in response to viral infection is dependent on the class I and II
human leukocyte antigen (HLA) alleles expressed by the individ-
ual. Several studies have associated specific HLA class I or class
Il determinants with decreased or increased risk of HIV infection
and/or better control of infection or rapid progression upon infec-
tion. [11,12]. It has been reported that differences in the pattern
of antigen recognition between ethnic groups can be related to
the prevalence of HLA alleles within the population [13]. Selective
pressure induced by HLA class I restricted CTL responses against
HIV can also influence the evolution of the circulating viruses
in a negative way by selecting for escape mutants [14]. Previous
studies on HIV-1-specific cellular immune responses in HIV-1-
infected individuals have shown cross-clade immune recognition
[15-17], but the issue of whether an effective vaccine based on
sequences from a single HIV-1 subtype could protect also against
viruses from other subtypes or variants in vivo remains to be
resolved.

In this context, we correlated the pattern of the antigenic epi-
topes recognized by HIV-infected individuals infected by different
HIV-1 clades with the HLA class I and II alleles expressed by such
individuals.
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2. Materials and methods
2.1. Study subjects

Blood samples were collected from 60 individuals, recruited
at the Karolinska University Hospital, Solna, infected with several
subtypes of HIV-1 and at different stages of infection. Fifty per-
cent of the subjects were Caucasian, 43% African, 3.5% Hispanic
and 3.5% Asian. Median viral load was 50 RNA copies/ml blood
[ranges: <50-91,000 RNA copies/ml for HAART treated patients
and <50-137,000 RNA copies/ml for non-treated patients] and the
absolute CD4* T cell count was 539 cells/mm?3 blood. The patient
cohort included 7 patients infected with subtype A viruses,
21 with subtype B, 19 with subtype C, 7 with subtype D, 1
with subtype G infection, 4 with subtype CRF.O1AE infection
and 1 with subtype CRF_.02AG infection [18]. The viral subtypes
were determined by genotyping of the envelope and p17 genes
[19]. Thirteen of the 60 patients were treatment naive and the
remaining 47 received continuous highly active antiretroviral
treatment (HAART). Twenty eight of the samples were inves-
tigated for reactivity to overlapping peptides representing the
entire sequence of p24 included in the plasmid DNA vaccine
constructs used for prophylactic and for therapeutic vaccination
[20].

2.2. CD4* T cell counts, plasma HIV-1 RNA levels and HLA classes
I and Il typing

CD4* T cell number in blood was measured by flow cytometry.
Viral load was measured by Amplicor HIV-1 monitor test (detection
limit 50 copies/ml), Roche Diagnostic Systems, Inc., Branchburg, NJ.

Patients HLA type was determined to the oligo-allelic level using
Dynal RELITM Reverse Sequence-Specific Oligonucleotide low reso-
lution kits for the classes I and Il HLA (HLA-A, -B, -C,-DQ, -DR, -DPA1
loci) (Dynal, Norway). DPB1 locus was characterised by HLA SSO
analysis according to procedures previously described [21]. Typing
was performed by sequence-specific primers SSP-PCR (Olerup SSP,
GenoVision, Austria).

2.3. HIV-1 peptides for determination of peptide-specific
responses

Lyophilized 15mer peptides, overlapping by 10 amino acids, cov-
ering the HIV-1 Gag p24 protein from subtypes A, B and C, were
obtained from the EU Programme EVA/AVIP Centralized facility for
AIDS reagents NIBSC, UK and Thermo Hybaid (Germany).

2.4. Interferon (IFN)-y ELISpot assay

ELISpot assay was performed on both total peripheral blood
mononuclear cells (PBMC) and CD8-depleted PBMC. PBMC were
separated from whole blood by density gradient centrifugation on
Ficoll-Paque (GE Healthcare, Uppsala, Sweden) and plated onto a
96-well plate (Millipore, MA, USA) (200,000 cells/well) that had
been pre-coated with 0.5 mg/ml of anti-IFN-y monoclonal anti-
body and 1-DIK (Mabtech, Stockholm, Sweden). For CD8-depleted
ELISpot, CD8* cells were separated by positive CD8* T cell deple-
tion using magnetic beads (DynaBeads, Dynal, Norway). Peptides
from Gag p24 from subtypes A and B were used in a matrix con-
taining 19 pools with 9-10 peptides in each pool. Peptides from
Gag p24 subtype C were used in a matrix containing 14 pools
with 6-7 peptides in each pool. In the matrix system each peptide

Table 1

Distribution HLA-DR alleles in the study population were divided by ethnicity

Caucasian Black

Subject ID HLA-DR? Second HLA-DRP Subject ID HLA-DR Second HLA-DR
DRB1 DRB1 DR DR DRB1 DRB1 DR DR

6004 *01 *13 DRB3 - 6120 *01 *13 DRB3 -

5998 *01 *09 DRB4 - 6051 *0102 *1503 - -

6044 *01 *08 - - 5994 *03 *1204 DRB3 -

6030 *01 11 - - 6033 *03 *0415 DRB3 DRB4

6073 *01 13 DRB3 - 5986 *03 *1001 - DRB3

6029 *01 *13 - - 6152 *0301 *1101 - -

5980 *01 *09 DRB4 - 6053 *07 *13 DRB3 DRB4

5979 *01 *13 - - 6041 *0701 *0802 - -

6048 *0101 *0301 - - 6098 *0701 *0901 - -

5815 *0103 11 DRB3 - 5984 *08 11 DRB3 -

6024 *03 *03 DRB3 - 6116 11 *0801 - -

6061 *03 *1309 DRB3 - 6013 11 *13 DRB3 -

6062 *04 *07 DRB4 - 6022 11 *15 DRB3 DRB5

6002 *04 *07 - - 6045 *12 *15 DRB3 DRB5

5977 *0401 *1101 - - 6037 *13 *15 DRB3 DRB5

6036 *07 *08 DRB4 5992 *13 DRB3 -

6147 *09 11 DRB3 DRB4 6019 *13 *07 DRB3 DRB4

6097 *09 1 DRB3 DRB4 6047 *13 *15 DRB3 DRB5

6042 *1001 *1301 - - 6043 *13 *13 - -

6035 *1101 *1303 - - 6031 *13 *07 DRB3 DRB4

6034 *13 *07 DRB3 DRB4 6082 *13 *07 DRB3 DRB4

5985 *13 *15 DRB3 DRB5 6102 *1301 i - -

6114 *13 *15 DRB3 DRB5

6077 *1301 *1501 - -

6094 *15 *12 DRB3 DRB5

6100 *15 *04 DRB4 DRB5

6139 *15 *1001 DRB5 -

5820 *15 DRB5 -

6103 *1501 *1501 - -

6038 *1122 DRB5*01

2 The study subject were typed for their HLA-DRB1 molecules.

b The three second molecules (DRB3, DRB4, DRB5) that are genetically associated with HLA-DRB1 are also indicated.
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was represented in two different pools allowing identification of a
unique reactivity to each peptide included. The peptide pools were
diluted in RPMI-1640 medium and used in a final concentration
of 5pg/ml. RPMI medium without peptides was use as a nega-
tive control. Positive controls included Cytomegalovirus, Epstein
Barr virus and Influenza peptides (CEF peptides from National
Institutes of Health, US), and Phytohemagglutinin (PHA, Orion
Diagnostica, Sweden). Responses >2-times background value and
>50SFC/106 PBMC above background were considered as positive.

3. Results
3.1. Frequency of HLA class I and II alleles

DNA-defined HLA typing distinguished 16, 18 and 17 class | HLA-
A, -B, or -C alleles respectively. In this population, the most frequent
alleles were A*02(02, 03, 11,23, 29, 31,33, 68, 74) (35%),B*07 (07, 08,
14, 15, 35, 37,40, 50, 56) (23.3%), C*02(03, 04, 06, 07, 12, 18) (16.7%),
A*03(03, 11, 24, 26, 32, 33, 34, 68, 74) (15%), C*03(04, 06, 07, 08, 16)
(14.6%), B*15 (15, 18, 35, 37, 49, 50) (14%) and B*08 (08, 14, 15, 35,
44) (11.6%). The distribution of class Il HLA-DR alleles in the major
ethnical groups (Caucasian and black) within the study population
is shown in Table 1. Several HLA class II alleles were found at high
frequencies and the most frequent alleles were DRB3 (49%), DRB5
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(17%), DRBO1*13 (21%), DRBO1*15 (14%), DRB1*01 (13%), DQB1*05
(39%), DQB1*06 (24%), DQB1*02 (21%), DPA1*0103 (67%).

3.2. Identification of unique and common peptide reactivities

Cell samples from patients in the cohort were tested for [FN-vy
ELIspot. Five patients were infected with subtype A or recombinant
forms of subtype A (CRF_01AE and CRF_02AG) viruses, 14 with sub-
type B, 3 with subtype C, and 5 with subtype D viruses. Cells from
the rest of the patients in the cohort were not analysed for either
of the two following reasons; they did not show any reactivity to
p24; or they were used in a cross-clade analysis of whole peptide
pools covering Gag p24 A, Band Env A, B, C[18]. The response to the
peptide mapping is shown in Fig. 1. Reactivity was demonstrated
against 58 reactive 15 mer peptides, in total, 20 out of 46 peptides
for subtypes A and B libraries, and 18 out of 46 peptides for the sub-
type C library. The most important finding was, that lymphocytes
from different patients cross-reacted to peptides representing dif-
ferent subtypes and that the reactivity was distributed along all
the p24 protein. All patients included here reacted with at least
one peptide and the individuals with the broadest response reacted
with up to six different peptides.

Peptides to which the majority of patients cross-reacted were
located in the region located between peptides 25 and 35 for

Subtype A Gag Peptides

8 9 1011 12131415 161718192021 22232425262728293031323334353637383940414243444546
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Fig. 1. Identification of individual reactive HIV-1 Gag p24 peptides. Percentage of patients responding is shown on the y-axis as the positive responder frequency, for Gag A

and B, n=28 and for Gag C, n=13.
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Table 2
Peptides containing epitopes associated with known HLA class I alleles

5185

Peptide# Peptide sequence” Subject ID Subject Subtype HLA class I restricting allele
5 VTSPRTLNAWVKVIE? 6114 D A02
VTSPRTLNAWVKVIE? B7
6 TLNAWVKVIEEKAFS® 6114 D A2
7 VKVVEEKAFSPEVIPP 5984 D B4501
8 EKAFSPEVIPMFSAL?:" 6021 B B58
ERAFSPEVIPMFSAL?-> 6082 C B57
9 PEVIPMFSALSEGATY 5985 B Cwil
1 SEGATPQDLNTMLNT®< 6030 B B14
SEGATPQDLNTMLNT®¢ 6114 D B7
12 EﬁQDLNTMLNT\/GGHQb 6030 B B14
14 VGGHQAAMEMLKDTI? 5998 B A2
VGGHQAAMQMLKDTI® 6114 D A2
18 EWDRVHPVHAGPIAP® 6133 B A2,
EWDRVHPVHAGPIAPP B7
19 HPVHAGPVAPGQMREP 5998 B B35
HPVHAGPIAPGQMRE® 6114 D B35
HPVHAGPVAPGQMREP 6133 B B7
24 STLQEQIGWMTNNPP® 6097 B A2
27 IPVGEIYKRWIILGL?P-¢ 6133 B B8
28 IYKRWIILGLNKIVR?:P-¢ 5984 D A3
IYKRWIILGLNKIVR?:?-€ 6082 C A3
IYKRWIILGLNKIVR?:b-¢ 6103 AE A24
IYKRWIILGLNKIVR®?:b-¢ A3
IYKRWIILGLNKIVR?:P-¢ 6061 B A24
29 IILGLNKIVRMYSPT? 5998 B A3
IILGLNKIVRMYSPV? 6094 A A3,
[ILGLNKIVRMYSPV? B15
IVLGLNKIVRMYSPV? 6097 B B15
33 RQGPKEPFRDYVDRE? 5985 B A0201
34 EPFRDYVDRFYKTLR? 5998 B A2
EPFRDYVDRFYKTLRP 6073 D A0201
EPFRDYVDRFFKALR? 6094 A A3,
EPFRDYVDRFFKALR? B15
35 YVDRFFKALRAEQAT 5997 AE Cw0303
YVDRFYKTLRAEQAS?® 6030 B B14
40 LLVQNANPDCKTILK" ¢ 6030 B B35
LLVQNANPDCKTILKY-¢ 6139 AE B7
43 ATLEEMMTACQGVGGP 6073 D A2
46 QGVGGPGHKARVLS® 6139 AE B7

" Differences in amino acid sequence between subtype A, B and C peptide library are shown in bold. The reacting epitope and its association with the presenting HLA class

I allele are shown by underlined peptide sequence.
2 Reacting peptide derived from Gag subtype A library.
b Reacting peptide derived from Gag subtype B library.
¢ Reacting peptide derived from Gag subtype C library.

subtype A, in the regions comprised between peptides 7-15 and
peptides 25-35 for subtype B and in the region comprised between
peptides 28-33 for subtype C (Fig. 1). In the subtype A pep-
tide sequence (Fig. 1a), the most recognised peptide was peptide
29, corresponding to the sequence IILGLNKIVRMYSPV, that was
recognised by cells from 5 patients (1 infected with subtype A,
4 with subtype B). In the subtype B peptide sequence (Fig. 1b),
the most recognised peptide was peptide 34 corresponding to the
sequence EPFRDYVDRFYKTLR that reacted with lymphocytes from
6 patients (1 infected with subtype A, 3 with subtype B and 2
with subtype D). In the subtype C peptide sequence (Fig. 1c), the 2
peptides most frequently recognised were 28 and 29 correspond-
ing to the sequences IYKRWIILGLNKIVR and IILGLNKIVRMYSPV
that were recognised by 3 patients all infected with subtype
B.

3.3. Association of HIV-1 peptide responses with HLA class I alleles

Cell reactivity to p24 peptides was associated to the known
HLA class I and II alleles. Fifteen individuals recognised pep-
tides containing epitopes that have been previously described to
bind the HLA class I alleles expressed by the patients listed in
Table 2. The epitope associations are defined by information from
the Los Alamos HIV database (http://www.hiv.lanl.gov/content/
immunology/tables/ctl_summary.html). Within these known epi-
tope/allele associations we found no significant correlation
between the infecting virus subtype and the subtype of the rec-
ognized peptide sequence. Importantly, seven patients showed
cross-reactivity and reacted with either two or three variants of
the same peptide. Five individuals displayed reactivity to a pep-
tide that contains more than one epitope that could be restricted
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Table 3
Peptides containing epitopes not previously associated with these particular HLA class I alleles
Peptide # Peptide sequence Subject ID  Subject HLA class | HLA class II
subtype
10 MFSALSEGATPHDLN? 6114 D A*02/*11; B*07/*35, Cw*04/*07 DRB1*13/*15; DRB3; DRB5; DQB1*06/*06; DPA1*0103/*0103;
DPB1*0201/*0401
15 AAMQMLKDTINEEAAP¢ 6133 B A*02/*03; B*07/*08; Cw*07/*16 DRB1*1301/*1501; DQB1*06/*06; DPA1*0103/*0202, DPB1(ND)
25 QIGWMTNNPPIPVGE?-® 6102 A/G A*23/*23; B*15/*49; Cw*02/*07 DRB1*1301/*11; DQB1*05/*05; DPA1*0201/*0201;
DPB1*0101/*1301
30 NKIVRMYSPVSILDI? 6102 AlG A*23/*23; B*15/*49; Cw*02/*07 DRB1*1301/*11; DQB1*05/*05; DPA1*0201/*0201;
DPB1*0101/*1301
32 SILDIKQGPKEPFRD? 6094 A A*0308/*24; B*15/*18, Cw(ND) DRB1*15/*12; DRB3; DRB5; DQB1*06/*03; DPA1*0103/*0103;
DPB1(ND)
33 RQGPKEPFRDYVDRF?P 6102 A/G A*23/*23; B*15/*49; Cw*02/*07 DRB1*1301/*11; DQB1*05/*05; DPA1*0201/*0201;
DPB1*0101/*1301
42 KSILRGLGAGATLEE? 6094 A A*0308/*24; B*15/*18, Cw(ND) DRB1*15/*12; DRB3; DRB5; DQB1*06/*03; DPA1*0103/*0103;
DPB1(ND)
46 QGVGGPGHKARVLP-¢ 6030 B A*02/*33; B*14/*35; Cw*04/*1214 DRB1*01/*11; DQB1*05/*05; DPA1*01/DPA1*0201;
DPB1*0201/*1001
Difference in amino acid sequence between subtype A, B and C peptide library are shown in bold.
3 Reacting peptide derived from Gag subtype A library.
b Reacting peptide derived from Gag subtype B library.
¢ Reacting peptide derived from Gag subtype C library.
6114 6030
21500- _ cos 21500' —cos
m — ESSICD8 depl 1 409p4 ESJCD8 depl
o 10004 l—l o |—| |'| |—|
c c
2 s00d m 2 500
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Gag peptides

Gag peptides

Fig. 2. IFN-y ELISpot responses to gag 15 mer peptides in two individuals, identification of CD8" and CD4*-specific T cell responses were distinguished by depletion of CD8

T cells.

by the patients HLA alleles. To pin point the exact epitope/allele
association a further analysis has to be performed.

3.4. Putative HLA class Il reactivities

Five individuals (6114, 6133, 6102, 6094 and 6030) infected with
virus subtypes A, B, D and CRF02_AG, reacted with 8 peptides har-
bouring epitopes not previously associated with their particular
HLA alleles (Table 3). To further substantiate the reactivities PBMC
from subjects 6114 and 6030 were evaluated for specific CD4* and
CD8* T cell reactivity by IFN-y ELISpot (Fig. 2). Both subjects show
CD4* and CD8* T cell responses towards the whole pool of Gag
p24 (Fig. 2a and b). Ex vivo, both patients 6030 and 6114 show
HIV-specific CD8* reactivity to peptides A5, C6, C11 and C12 and
no CD4* T cell response and therefore confirming the peptide/HLA
class I association described in Table 2. In addition, subjects 6114
and 6030 show both CD4* and CD8* T cell responses against pep-
tides 10 (from subtype A) and 46 (from subtype C). This suggests
that these peptides harbour epitopes restricted by the patient’s HLA
classIalleles but the epitopes are also situated within a CD4* region
restricted by the patient’s HLA class Il alleles described in Table 3.

4. Discussion

A better understanding of the differences in HIV-1 immune
response in populations from various ethnic groups is important
for vaccine development. To address this need, we enrolled a cohort
of 60 individuals in Sweden originating from different regions in
the world and infected with HIV-1 of different subtypes. Surpris-

ingly, when peptide pools representing the whole p24 from HIV-1
subtypes A, B and C, a broad cross-reactivity was detected, irre-
spective of their stage of disease or antiretroviral treatment. We
found no significant correlation between the subtype of the infect-
ing virus and the subtype of the peptide sequence recognized. On
the contrary, the majority of the epitopes that elicited cross-reactive
responses had identical amino acids in the anchor position of the
epitope, hence even only partial sequence homology between sub-
typesinT cellimmunogenic regions may account for the majority of
cross-clade T cell responses. To a lesser extent, T cells may recognize
different epitopes from more than one clade.

The HLA class II typing of the patients in this cohort revealed
a spread among all different genotypes. Six individuals infected
with subtypes A, B, D and CRFO2_AG reacted to eight peptides har-
bouring epitopes not previously associated with those particular
HLA class I alleles. Therefore reactivity to these peptides might be
attributed to a HLA class II presentation. In two of these patients
both CD4* and CD8* T cell responses were detected towards the
described peptides. Due to lack of material, all patients could
not be analysed in this way. There is no easy way to analyse
the association between peptide epitopes and class II alleles and
therefore no strong consistent genetic epidemiological effects of
particular class II alleles have been identified in HIV-1 disease in
sharp contrast to those observed for class I. New techniques to
define the affinity and the avidity between class Il monomers or
tetramers and peptides are under development, although these
techniques might not reveal whether the binding between pep-
tide and HLA protein actually elicits a functional immune response.
Both CD8* cytolytic and CD4* T-helper responses play impor-
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tant roles in protection against HIV-1 infection and are necessary
for maintaining an effective T-lymphocyte response against HIV
[22-25] Obviously, studies of HLA class I and II allele frequencies
and distribution must be extended, particularly in geographi-
cal regions with ethnic differences and high HIV-1 incidence
rates.

In conclusion, we have demonstrated that Gag-specific cross-
cladeT cell responses can be detected in chronic HIV-1 infection and
that subtype cross-reactive Gag responses dominate the late nat-
ural T cell response. We discovered a multitude of immunological
responses to Gag peptides, which in turn could be associated with
known epitopes of HLA classes I and II. Fifteen individuals had class
I responses related to known epitopes and displayed cross-clade
responses irrespective of subtype of virus infection. Previous stud-
ies have shown effective cross-recognition of several HIV-1 proteins
[16,26,27]. Within these epitope/allele associations we found no
significant correlation between the infecting virus subtype and the
subtype of the recognized peptide sequence. This indicates that
genetic vaccines representing a few circulating strains may act to
induce immunity to a broad range of the HIV-1 viruses circulating
worldwide.
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