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Abstract Cytotoxic T lymphocyte (CTL) responses to
Gag have been most frequently linked to control of viremia
whereas CTL responses to Nef have direct relationship with
viral load. IFN-y ELISpot assay was used to screen CTL
responses at single peptide level directed at HIV-1 subtype
C Gag and Nef proteins in 30 antiretroviral therapy naive
HIV-1 infected Indian individuals. PBMCs from 73.3% and
90% of the study population showed response to Gag and
Nef antigens, respectively. The magnitude of Gag-specific
CTL responses was inversely correlated with plasma viral
load (r=—-0.45, P=0.001), whereas magnitude of Nef-
specific responses was directly correlated (r = 0.115). Thir-
teen immunodominant regions (6 in Gag, 7 in Nef) were
identified in the current study. The identification of Gag and
Nef-specific responses across HIV-1 infected Indian popu-
lation and targeting epitopes from multiple immunodomi-
nant regions may provide useful insight into the designing
of new immunotherapy and vaccines.
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Introduction

The development of an efficacious vaccine against HIV-1 is
one of the most pressing challenges facing modern medi-
cine [1, 2]. An ideal HIV-1 vaccine candidate should gener-
ate both humoral and cellular immune responses against the
virus [3]. However, broad range of virus strains found in
patient poses a mammoth challenge in generating a vaccine
capable of inducing neutralizing antibodies against them
all. Therefore, much of the current attention in AIDS vac-
cine design and research has been focused on vaccines that
elicit cytotoxic T lymphocyte (CTL) responses.

Role of virus-specific CD8" T-cell responses in the con-
trol of HIV infection has already been documented [4-8].
Potent CTL responses are responsible for dramatic drop of
plasma viral load in HIV-1 infection [9, 10] and contain viral
replication [11, 12]. The emergence of HIV-1-specific CTLs
in acute infection coincides with a plasma viral load decline.
Long-term non-progressive infection has been associated
with both strong virus-specific CTL and with robust Gag
p24-specific CD4* T-cell proliferative responses [6, 13—15].
Vaccine strategies capable of generating HIV specific CD8*
T-cell responses have been shown to control virus replication
and to prevent the onset of disease in monkeys [16-18].
Additionally, the documentation of CTL escape variants sug-
gests that selective pressures are imposed on the virus
through this arm of the immune system [9, 19-21].

Cytotoxic T lymphocyte targets multiple antigens in
HIV infection, but CTL responses to Gag have been most
frequently linked to a better clinical outcome or control of
viremia [4, 13, 22-27] whereas CTL responses to Nef has
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direct relationship with viral load and poor prognosis [4,
13]. HIV-1 Gag is not only the most conserved protein of
HIV but also its p17 and p24 regions are most frequently
targeted and have been shown to have highest magnitude of
immune response with a wide array of conserved epitopes
for different clades of HIV [28, 29]. HIV-1 Nef'is one of the
earliest genes to be expressed during the viral life cycle
[30] and the conserved central region of Nef protein is most
intensely targeted by CTL [31].

Delineation of HIV-specific CTL response, an immune
correlate of protection, during the course of a natural infec-
tion and after vaccination is an elemental step in the process
of CTL based vaccine development. Also, the identification
of immunodominant epitopes or epitope-rich immunodomi-
nant regions that can stimulate a broad range of HIV-spe-
cific CTLs offers best way of resistance and is a justifiable
approach to vaccine design [32, 33].

The accumulating genetic diversity of HIV-1 in the global
AIDS epidemic, driven by a relatively high-evolution rate of
the virus, is the foremost obstacle in vaccine design and char-
acterizing CTL responses in HIV-1 infected individuals [12,
34]. The extent to which this genetic diversity impacts T-cell
epitope recognition is not completely understood. Subtype C
is the most prevalent in the current AIDS epidemic and
responsible for the largest proportion of HIV infection in the
global scenario. However, only a limited number of the HIV-
1-specific CTL immune response studies have targeted non-
B subtype in non-Caucasian populations, underscoring the
dearth of information relevant to countries like India, which
bear the brunt of global HIV pandemic [29, 35, 36].

Hence we aimed to characterize HIV-1 Gag and Nef-
specific CTL responses, the two most frequently targeted
[30] HIV proteins. We investigated the magnitude and fre-
quency of CTL responses against overlapping subtype C
based peptides corresponding to HIV-1 Gag and Nef region
using interferon (IFN)-y enzyme linked immunospot (ELI-
Spot) assay to screen and further confirm immunodominant
regions in HIV-1 Gag and Nef proteins. The association
between HIV-1-specific CTL responses and markers of dis-
ease progression though addressed in previous studies [6,
37-42], the findings are controversial. Therefore, we stud-
ied the correlations between CTL responses for HIV-1 pro-
teins Gag and Nef and for the subregions of these viral
proteins, with the CD4* T-cell counts and plasma viral load
in infected Indian population.

Materials and methods
Study population

A total of 30 HIV-1 infected individuals of both sexes rang-
ing from 19 to 40 years of age, attending the Antiretroviral
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Center and AIDS Clinic at Department of Microbiology of
the All India Institute of Medical Sciences (AIIMS) hospi-
tal, New Delhi (from February 2005 to January 2007) were
included in the study. The diagnosis of HIV-1 infection was
established serologically as recommended by the National
AIDS Control Organization (NACO, India, 1986—-1999)
guidelines. All the infected subjects were antiretroviral
therapy naive at the time of enrollment into the study. Preg-
nant women and patients with blood dyscrasias were
excluded. The Human Ethics Committee, All India Institute
of Medical Sciences, New Delhi, approved the study proto-
col. Informed consent was obtained from all the study sub-
jects according to the guidelines of the committee.

Isolation of peripheral blood mononuclear cells

Peripheral blood samples from all study subjects were col-
lected by venipuncture into K3-EDTA vacutainers (Becton
Dickinson, USA). An aliquot of the sample was processed
for immunophenotyping. The remainder was processed for
peripheral blood mononuclear cell (PBMC) isolation by
density gradient centrifugation on Ficoll-Hypaque (Sigma
diagnostic Inc, St. Louis, USA) as per AIDS Clinical Trials
Group (ACTG) guidelines. An aliquot of the isolated
PBMC was used in ELISpot assay for screening of cellular
response and remaining cells were cryopreserved. The fro-
zen PBMCs were thawed as per ACTG guidelines. The
PBMC samples with >90% viability and 70% recovery
were used in the further ELISpot assay to confirm the
results of the screening ELISpot assay.

CD4 counts and CDC classification

Absolute CD4 and CDS8 counts were determined on a
FACS Calibur by the Cell Quest software (Becton Dickin-
son) using a set of criteria for quality control.

HIV-1 subtype C peptides

A set of 121 overlapping peptides corresponding to the con-
sensus HIV-1 subtype C Gag (510 amino acids) sequence
was obtained from NIH, Bethesda, USA. Similarly a set of
49 overlapping peptides corresponding to the consensus C
Nef (206 amino acids) sequence was synthesized (Fred
Hutch Cancer Research Center, Seattle, USA). The Nef
peptides were based on the consensus of African and Indian
subtype C sequences. Each peptide was 15 + 1 amino acids
(aa) in length, overlapping the next peptide by 11 aa. The
lyophilized peptides were dissolved in DMSO at a concen-
tration of 10 mg/ml (stock) and stored in aliquots at —70°C
until use. HIV-1 Gag and Nef peptides pools were designed
in a matrix format such that each peptide was represented
once in a column pool and once in a row pool. The 121 Gag
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peptides were pooled in an 11 x 11 matrix format to form
11 column pools designated C1-C11 and 11 row pools des-
ignated R1-R11. Similarly, Nef peptides were pooled in
7 x 7 matrix format (C1-C7 and RI1-R7). Positive
responses to both the pools indicated reactivity to that spe-
cific peptide, which was then retested using a confirmatory
ELISpot assay at single peptide level.

ELISpot assays

Screening for CTL responses was performed by IFN-y
ELISpot using a strategy based on a matrix of peptide
pools. Cryopreserved PBMCs were thawed rapidly and
cultured overnight at 37°C, 5% CO, atmosphere in RPMI-
1640 medium (Sigma-Aldrich) supplemented with 10%
FCS, 10 mM HEPES buffer, 2 mM L-glutamine and 50 U
of penicillin—streptomycin. The 96-well polyvinylidene
plates (Millipore, Bedford, MA, USA) were coated over-
night with capture anti-IFN-y antibody (Mabtech, Cincin-
nati, OH, USA) at a concentration of 5 pg/ml in
phosphate-buffered saline (PBS). The plates were washed
and blocked as per manufacturer’s instructions. PBMC
were added at a concentration of 100,000-200,000 per
well in 200 pl of RPMI medium. The Gag and Nef peptide
pools were plated in duplicates and the final concentration
of each peptide in the pool was 2 pg/ml. Negative (cells
and medium only) and positive control wells (cells and
phytohaemagglutinin, cells and CEF peptides pool at con-
centration of 2 pg/ml each) were run in duplicate for each
patient sample to ensure that the cells were responsive.
The plates were incubated for 18-20 h at 37°C and 5%
CO, and then washed six times with PBS 0.05% Tween
20. The plates were then incubated at room temperature
for 2 h with the corresponding biotinylated secondary
antibody (Mabtech) followed by washes and a 1-h incuba-
tion with a streptavidin—horseradish peroxidase conjugate
(BD). After the plates were washed, AEC peroxidase sub-
strates (Vector Lab, CA, USA) were added for color
development.

The number of spots per well was determined using an
automated ELISpot plate reader (Carl Zeiss Vision GmbH,
Germany). The results were expressed as spot-forming cells
(SFC) per million PBMC. The negative response was <50
SFC/10° PBMC in all cases. The response was considered
positive if >50 SFC/10® PBMC were detected and they
were at least 3 standard deviations (SD) above background.
Responses to two adjacent overlapping peptides were
imputed as one epitopic region, because some CTL epi-
topes can be located in the overlapping region of two adja-
cent peptides, resulting in responses to both overlapping
peptides. The matrix was analyzed for each patient, and
candidate positive peptides were retested individually by a
confirmatory ELISpot assay.

Quantification of plasma HIV-RNA

Viral RNA was extracted from 30 collected plasma samples
of the patients and quantified by Amplicor HIV Monitor
Assay version 1.5 (Roche diagnostics, Meylan, France)
with a lower limit of detection of 400 copies/ml, strictly
following the manufacturer’s instructions.

Statistical analysis

The correlation between HIV-1-specific response and
markers of disease progression; plasma virus load and
CD4™" T-cell count, was assessed by non-parametric Spear-
man test. Values for P of <0.05 were considered significant.
All data were analyzed using STATA 8.0 software.

Results
Subjects

A total of 30 HIV-1 infected (20 males and 10 females)
antiretroviral naive individuals at different stages of
HIV-1 infection were included in the study. The median
age of subjects was 29 years (range, 19-40). The subjects
had a median CD4* T-cell count of 319 cells/ul (range,
11-954 cells/pul) and a median plasma HIV-1 virus load
of 35,263 copies/ml (range, 400-874,033 copies/ml)
(Table 1).

Distribution of HIV-specific CTL responses across subtype
C Gag and Nef

A total of 29 of 30 patients responded to either of the HIV-
1 antigens. Of the 29 responders, 22 (73%) showed a
response to HIV-1 subtype C Gag, and 27 (90%) responded
to HIV-1 subtype C Nef protein. Twenty-one (70%) study
subjects responded to both Gag and Nef.

A wide range in the magnitude of responses was
observed among the responders for HIV-1 subtype C Gag
(50-2,718 SFC/ 106 cells) and Nef proteins (54-3,179 SFC/
10° cells) (Fig. 1a). The total magnitude of CTL responses
ranged from 255 to 5,474 SFC/ 10¢ells (mean 1,741 SFC/
10° cells).

Overall, 29 (96%) subjects recognized at least one pep-
tide from either Gag or Nef regions, and in persons with
detectable responses, there was a broad range in the number
of responses to individual peptides targeted, from 1 to 12
(mean 4.76 epitopic or immunodominant regions per
responding individual). The dominant targets in terms of
breadth of responses were p24 Gag and central region of
Nef (Fig. 1b). The mean breadth for Gag and Nef antigens
were 2.03 and 2.73 epitopic or immunodominant regions
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Table 1 Patient cohort charac-

. . . Patient Age Sex CD4 count Viral load Duration of
teristics at time of analysis (cells/pl) (RNA copies/ml) infection (in years)
1 36 Female 166 874,033 9
2 26 Male 59 684,517 1
3 40 Male 68 487,017 1
4 40 Male 103 131,647 2
5 30 Female 143 31,146 2
6 28 Male 164 92,039 2
7 33 Female 11 6,325 2
8 40 Male 169 121,818 8
9 26 Male 191 621,918 2
10 30 Male 216 432,785 2
11 26 Male 219 22,427 2
12 27 Male 257 367,522 2
13 34 Female 291 13,461 2
14 35 Male 296 514,178 4
15 32 Male 311 423,659 3
16 27 Male 328 14,301 3
17 28 Female 337 9,450 5
18 22 Male 351 118,972 5
19 25 Female 366 111,369 2
20 36 Male 420 400 3
21 40 Male 473 204,328 6
22 22 Male 482 6,210 6
23 19 Female 492 14,465 4
24 25 Male 531 29,509 7
25 28 Male 535 2,971 1
26 29 Male 632 8,372 4
27 22 Female 694 2,161 3
28 40 Male 751 39,380 4
29 30 Male 841 3,817 2
30 28 Female 954 1,207 2

per responding subject, respectively. The magnitude of
both Nef (r=0.83, P <0.001) and Gag specific responses
correlated directly with the number of epitopic or immuno-
dominant regions targeted (r = 0.70, P < 0.001).

Distribution of HIV-specific CTL responses within subtype
C Gag and Nef

Cytotoxic T lymphocyte responses identified in the
screening ELISpot assay using overlapping peptide pools
were confirmed at single peptide level using a confirma-
tory ELISpot to further map the epitopes. Multiple
regions of Gag and Nef were targeted by HIV-specific
CTLs. Peptides contained within p17 and p24 were fre-
quently targeted, as were central conserved regions of
Nef. The highest magnitude of response was detected to
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the central conserved region of Nef,, 45s_,47 (mean = 1,519
SFC/10° cells) and to Gag p24,, 15, 3> (mean = 528 SFC/
10° cells). Responses to these domains dominated both in
terms of magnitude and frequency of recognition, fol-
lowed by p17, p15 and p2.

Most of the immunodominant regions were located in
central conserved regions of Nef,, ¢s_;4;. The most fre-
quently targeted region was Nef,, ;3 95 (QVPLRPMTYK
AAFDLSFFLKEKG) with 63% frequency of recognition.
Nef,, g9_103 FFLKEKGGLEGLIYS) and Nef,, 159_147
(PGPGVRYPLTFGWCFKLVP) were recognized by 25.9
and 41% of the study subjects responding to Nef antigens
(Table 2). Among Gag subunits most frequently recognized
subunits were p24 (63%) followed by p17 (40%) and very
few peptides were recognized from plS5, p7, p6 and p2
regions (Fig. 1b).
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Fig. 1 a Graphical representation of magnitude of responses in the
different protein regions of Gag and Nef. The x axis of each graph was
scaled according to the number of HIV-1 C synthetic peptides used for
a particular region of the viral protein, and the length of the graph does
not necessarily correspond to the actual size of the viral protein

Correlation between HIV-specific CTL responses, plasma
viremia and CD4* T-cell counts

The association of CD4* T-cell count and viral load with
the breadth of response (number of HIV antigens recog-
nized by the study subjects as estimated in screening
using single peptides) and magnitude of response (SFU
per 10° PBMCs) were studied. The CD4* T-cell count did
not show any significant association with breadth or
magnitude of HIV-specific CTL responses. Additionally,
no significant association was found between virus load
and the breadth of response. A significant indirect corre-
lation was observed between magnitude of response
against Gag antigen and viral load (r=—-0.45,
P =0.012). A weak direct correlation was observed for
Nef-specific responses and viral load, but this correlation
was not statistically significant (r=0.115) (Fig.2). A
significant negative association was found between CD4*
T-cell count and plasma virus load (r=—0.63,
P <0.001).

because of the differences in the lengths of the synthetic peptides. Bars
represent magnitude (median SFU/10° cells) of HIV-1 C-specific CTL
responses to a particular synthetic peptide for the two proteins. b Fre-
quency of recognition of individual Gag and Nef peptides by the study
subjects

Discussion

Of the estimated 33.2 million people living with HIV/AIDS
in the world, 95% are inhabitants of developing countries
like India, which is home to 2.5 million people already
infected with HIV. The uncontrolled HIV infection contin-
ues to spread at a ruthless pace, with 28,000 new infections
by end 2006 [43].

India, with a predominant subtype C infection (78.4%)
[44] is at the epicenter of HIV/AIDS epidemic. Although
antiretroviral therapy has augmented lives of HIV infected
individuals, these expensive drugs are neither easily avail-
able in the developing world, nor can they entirely eradi-
cate the infection. In contrast, a successful AIDS vaccine
offers the promise of preventing symptomatic disease, if not
a complete cure.

Hypothetically an ideal vaccine should contain multiple,
highly immunogenic epitopes (CTL, T-helper, neutralizing)
derived from locally circulating viral strains that would
protect the host from HIV infection, reduce the rate of HIV
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transmission, prevent progression to AIDS, and control
HIV infection [35, 45, 46]. Much of the current HIV-1 vac-
cine research has been aimed at eliciting HIV-specific cell
mediated immunity.

We aimed to characterize T-cell immune responses in
HIV-1 subtype C infected Indian population and to identify
immunodominant regions which can be included into vac-
cine constructs to restrain HIV-1 subtype C epidemic in
India. Thirteen immunodominant regions have been identi-
fied in the current study: seven in Nef, two in p17 and four
in p24. The results of our study are consistent with earlier
study on subtype B from US and Europe and subtype C
study from South Africa [47]. Importantly, among the 13
immunodominant regions identified in our study Nef,, ¢5 79
EVGFPVRPQVPLRPM, Nef,, ;395 QVPLRPMTYKAA
FDLSFFLKEKG, Gag p24,, 335316 TILRALGPGASLEEM
have not been reported previously in Indian population and
hence, are being documented for the first time in subtype C
infected Indian subjects.

Comprehensive studies have characterized CTL epitopes
in HIV-1 subtype B infections; few studies have targeted
HIV-1 subtype C infected populations We have earlier
attempted to identify immunodominant regions in Gag pro-
tein using peptides based on Indian Isolates in HIV-1 sub-
type C infected individuals [28]. The present study extends
to both Nef (using subtype C peptides based on Indian and
African isolates) and Gag regions (using peptides based on
consensus sequences for subtype C as a kind gift from NIH)
[28]. A similar study has been done for HIV-1 subtype C
infected western Indian population for screening of immu-
nodominant regions within Gag and Nef [48]. However,
our results differ significantly (90% Nef-specific responses
observed in our study in comparison to 36% reported in
study conducted at Pune). The reasons for these variations
in responses may be due to the use of subtype C specific
peptide sequence in our study and regional variation of the
patients as the current study involves North and North West
Indian population.

Magnitude and frequency of CTL responses are impor-
tant characteristics of cell mediated responses. HIV-1 Gag
is one of the important genes to target for the development
of a successful candidate vaccine. Gag is not only the most
conserved protein of HIV but it also has highest cross clade
epitope density. In the present study Gag antigen was tar-
geted by 73% of the study population. The dominant target
in terms of magnitude and breadth of responses was
observed to be p24 subunit of Gag protein. The reasons for
this high frequency and magnitude of response are likely
due to amino acid sequence conservation in this protein
subunit. The broad and strong response to p24 Gag under-
scores the dominant role of Gag-specific CTL epitopes in
natural course of HIV-1 subtype C infection [28].

The Nef-specific responses are the earliest responses
observed in HIV-1 infection. This may explain the robust
and frequent responses (90% study subjects responded to
Nef antigen) observed in present study. Most of the immu-
nodominant regions were located in central conserved
domains of Nef (Nefgs_;47). The central domain of Nef has
been reported as epitope-rich region by other investigators,
as well [29, 31, 33, 49, 50]. The robust Nef-specific
responses observed in the current study suggests the impor-
tance of subtype-specific CTL responses of higher magni-
tude might be efficacious in vaccine design.

The immunodominant regions identified in the p24
region of Gag protein, and in central region of Nef in the
present study corroborates the finding of studies reported
on South African subtype C infected individuals [29, 35].
Moreover, most of the identified HIV-1 Gag subtype C pep-
tide sequences matched with previously described epitope
sequences for Gag derived from subtype B (obtained from
hiv-web.lanl.gov), although some of the subtype B epitope
sequences were variant from the subtype C peptide
sequences.

Several studies have been able to correlate HIV-1-spe-
cific CTL responses in chronically infected patients with
disease progression. Some previously reported studies have
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shown an inverse correlation between the frequency of
HIV-specific T cells and plasma virus load [4, 24, 27, 29,
36, 39, 51], whereas no such correlation was observed in
other studies [4, 26, 52, 53]. The discrepancies in correla-
tion between plasma viral load and virus-specific CTL
responses might be explained, at least in part, by differences
in assay methodologies, the targeting of different epitopes
across the viral genome, difference in autologous virus and
peptide sequence, different disease stages, and differences
between diverse population groups [20, 38, 54].

In our study, we observed no correlation for frequency
of Gag and Nef-specific CTL response and CD4" T-cell
counts or plasma viral load. However, direct relationship of
magnitude of Nef-specific responses and inverse trend of
magnitude of Gag responses with viral load are consistent
with previous findings. The significant indirect correlation
of Gag-specific responses suggests the protective role of
these responses in the containment of HIV infection. Direct
correlation of viral load with Nef suggests Nef-specific
responses are unable to control viremia. This also raise the
notion of relative importance of HIV-1 proteins for vaccine
design and suggests that HIV gag p24 could serve as an
attractive region to include in vaccine candidates to induce
CTL responses that would in turn contain viremia.

We conclude that the identification of these responses at
single peptide level across HIV-1 subtype C infected Indian
population may provide useful insight into the designing of
new immunotherapies and vaccines for effective control of
HIV-1 infection. The pattern of immunodominance and
epitope clustering is comparable with those found in previ-
ous studies on subtypes B and C infection. Identification of
conserved epitopes across a diverse population is a neces-
sary step in augmenting vaccine immunogenicity, minimiz-
ing viral escape and better approach for development of a
multiclade vaccine. These results emphasize studies on
larger populations and other HIV antigens and suggested
the inclusion of identified multiple, highly immunogenic
immunodominant regions into vaccine constructs to
restrain the HIV-1 C epidemic in India.
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