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Abstract

Background: HLA class I polymorphism has the greatest impact of human genetic variation on
viral load set point. A substantial part of this effect is due to the action of HLA-B and HLA-C
alleles. With few exceptions the role of HLA-A molecules in immune control of HIV is unclear.

Methods: We here study HLA-A*68:02, one of the most highly prevalent HLA-A alleles in C-
clade infected sub-Saharan African populations, and one that plays a prominent role in the HIV-
specific CD8+ T-cell responses made against the virus.

Results: We define eight epitopes restricted by this allele and propose the peptide binding motif
for HLA-A*68:02. Although one of these epitopes almost exactly overlaps an HLA-B*57-
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restricted epitope in Gag linked with immune control of HIV, this HLAA*68:02-restricted Gag-
TA10 response imposed only weak selection pressure on the virus and was not associated with
significantly lower viral setpoint. The only HLAA*68:02-restricted responses imposing strong
selection pressure on HIV were in the flanking regions of Pol-EA8 and Pol-EA11 and within the
Vpr-EV10 epitope (P=8x1075). However, targeting of this latter epitope was associated with
significantly higher viral loads (P=0.003), suggesting lack of efficacy.

Conclusion: This study is consistent with previous data showing that HLA-A-restricted Gag-
specific responses can impose selection pressure on HIV. In the case of HLAA*68:02 the Gag
response is subdominant, and apparently has little impact in natural infection. However, these data
suggest the potential for high frequency vaccine-induced Gag responses restricted by this allele to
have significant antiviral efficacy in vaccine recipients.
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INTRODUCTION

Polymorphism in the HLA region of chromosome 6 has the strongest impact of any human
genetic variation on HIV viral set point and therefore on the rate of HIV disease progression
[1-3]. In particular this is due to variation at the HLA-B and HLA-C loci [1-4]. The
mechanism underlying this effect has been attributed in part to the antiviral activity from
CD8+ T cell responses. In particular it has been proposed that Gag-specific responses are
important for improved immune control of HIV, because Gag is highly abundant and Gag
epitopes are presented early following viral infection of target cells [5-7]; and also because
regions of Gag are highly conserved and so escape mutants can have a significant impact on
viral replicative capacity [8, 9]. Thus, a broad Gag-specific response is associated with
immune control, whereas increasing breadth of responses to Envelope or towards the
accessory/regulatory proteins, Tat, Rev, Nef, Vif, Vpr and Vpu, typically is not [10, 11].

A number of additional factors contribute to the effectiveness of the CD8+ T-cell response
[12], and these are collectively reflected in the selection of escape mutants within the
relevant epitopes by the virus. Thus it has been proposed that Gag responses that also drive
selection pressure on HIV are those specifically associated with immune control [10, 13—
15]. In contrast, although escape mutants are often selected in epitopes in Env and the
accessory/regulatory proteins, these generally do not have significant impact on viral
replication capacity or on viral load [9, 10].

It remains open to speculation why variation at the HLA-A locus appears to have less of an
impact on immune control than HLA-B or HLA-C [1-3, 16]. Although some HLA-A alleles
have been associated with viraemic control [17-21], what distinguishes HLA-A alleles that
are somewhat protective from the remainder is unknown.

To begin to address the potential role of HLA-A alleles in immune control of HIV, we here
focused on HLA-A*68:02, since this is one of the HLA-A alleles that is most prevalent in
sub-Saharan Africa where the global HIV epidemic is substantially focused and in particular
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on subclade C infection [22]. In addition, a high contribution to the HIV specific response is
made by HLA-A*68:02-restricted CTL activity [4], and yet no peptide binding motif for this
allele has been established, nor have the HIV epitopes restricted by this allele been
systematically defined and characterized. Therefore, the aim of this study was first to
systematically define the CD8+ T cell responses restricted by HLA-A*68:02, and then to
assess the contribution of each of these responses to immune control.

PATIENTS, MATERIALS AND METHODS

Study subjects and HIV samples

All study subjects were antiretroviral therapy-naive in chronic HIV-1 infection. The subclade
C cohort used for peptide HLA-A*68:02 associations consisted of n=1,010 subjects and
identification of escape mutations comprised of a total of n=1,826 subjects of whom
sequences and HLA were available as previously described [13, 23]. Peripheral blood
mononuclear cells (PBMCs) for IFNy elispot peptide titration, intracellular cytokine
staining (ICS) and HLA-A*68:02 tetramer staining were derived from treatment naive
subclade C infected individuals recruited from a local UK cohort as previously described

[5]. Informed consent was obtained from all participating individuals, and institutional
review boards at the University of KwaZulu-Natal and the University of Oxford approved
the study (E028/99 and 06/Q1604/12, respectively).

Reagents, IFNy elipost assays and flow cytometry.

IFN-y elispot assays for optimal peptide mapping were performed as previously described
[13]. Peptide-HLA-A*68:02 tetramers were generated using one pot — one mix method
where the peptide, 2m and peptide was refolded for 48 hrs in the presence of protease
inhibitors [24] and used as previously described [13]. Briefly, cells were stained with PE
conjugated tetramers for 30 min at room temperature and subsequently stained for live/dead
(Invitrogen), CD8 Qdot605 (Invitrogen) and CD3 Pacific Orange (Invitrogen). Ex vivo ICS
was performed as described previously [13]. Briefly, PBMCs from responding subjects were
stimulated with the optimal peptide for 6 hours and stained for live/dead cells (Invitrogen)
and with surface markers CD3 PacificOrange (Invitrogen), CD8 Pacific Blue (BD) and
intracellular with IFN-y PE-Cy7 (BD) according manufacturers protocol using the cytofix/
cytoperm kit from BD. All samples were acquired on a LSR 11 flow cytometer within 12
hours and analysed using FlowJo version 8.8.6 (Treestar).

HLA peptide binding assay.

The measurement of peptide HLA-A*68:02 affinity was undertaken using alphaScreen
technology as previously described [25]. Briefly, recombinant, biotinylated MHC-1 heavy
chains were diluted to a concentration of 2 nM in a mixture of 30 nM p2m and peptide, and
allowed to fold for 48 h at 18°C. The pMHC-I complexes were detected using streptavidin
donor beads and a conformation-dependent anti-HLA-I antibody, W6/32, conjugated to
acceptor beads. The beads were added to a final concentration of 5 pg/mL and incubated
over night at 18°C. One hour prior to reading the plates, these were placed next to the reader
to equilibrate to reader temperature. Detection was done on an EnVision multilabel reader
(Perkin Elmer).
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Statistical analysis for HLA-A*68:02 and associations to OLP and HIV sequence
polymorphisms.

The statistical method to identify HLA associations to OLP has been described previously
[13, 14]. Briefly, we used a decision tree based on Fisher’s exact test to identify associations
between the recognition of individual 18-mer peptides and the expression of HLA-A*68:02.
For each 18-mer peptide, we computed the Fisher exact test p-value against all 4-digit HLA
alleles observed in the cohort and added the most significant HLA allele to the decision tree.
We next removed all individuals who expressed that allele and repeated until the most
significant HLA allele had p>0.2. The statistical method to identify HLA associations to
HIV sequence polymorphism has previously been described [14, 15]. Briefly, our approach
corrected for the phylogenetic structure of the sequences and then we computed P and g
values for every association with the g value being used to correct for multiple comparisons
by calculation of a false detection rate [26].

RESULTS

We first sought to determine the HIV-specific CD8+ T-cell responses restricted by HLA-
A*68:02 in a C-clade cohort of 1,010 individuals of whom 143 expressed HLA-A*68:02. In
each subject we tested in IFNy elispot assays recognition of a panel of 410 18mer peptides
overlapping by 10 amino acids and spanning the entire HIV C clade consensus proteome, as
previously described [10]. We identified responses to 8 overlapping 18mer peptides that
were statistically associated with HLA-A*68:02 expression (Fig 1) (g<0.1). The dominant
responses were against Pol and Vpr epitopes. We then used a previously validated approach
to predict the peptide binding motif for HLA-A*68:02 [27]. The HLA residues predicted to
form the A and B pockets of the peptide binding groove [28] are identical for HLA-A*68:01
and HLA-A*68:02, and the former has a defined motif with Asp or Glu at position-1 (P1) in
the binding peptide, and Thr/Val at P2 [29]. In contrast, the F pocket for HLA-A*68:02
differs substantially from that of HLA-A*68:01 in having Tyr at residue 116 as opposed to
Asp; however the HLA residues predicted to form the F pocket for HLA-A*68:02 are almost
identical to that of HLA-A*02:01, which has Val as the primary anchor residue at the
carboxy-terminal position (PC) of the binding peptide [30]. The only difference at the F
pocket is Val at HLA residue 95 in HLA-A*02:01, and Ile in this position in HLA-A*68:02,
suggesting a slightly smaller hydrophobic residue than Val, such as Ala, might be the
primary anchor at PC for HLA-A*68:02.

We then used a previously validated tool for predicting the optimal epitopes from longer
peptides [31] to define the 8 HLA-A*68:02 optimal epitopes from the 18mer sequences
recognised. We next confirmed the optimal epitope for the four most well targeted peptides
(Fig 2). The HLA-A*68:02-peptide binding avidity [25] was measured for the optimal
epitopes defined in this way (Fig 2D and E) and a strong correlation was observed between
frequency of peptide recognition and peptide binding avidity to HLA-A*68:02 (Fig 2F).

There are five peptides listed in the Los Alamos HIV Immunology Database ‘A’ list [32] as
HLA-A*68:02 restricted epitopes. We did not observe significant responses to three of these
C-clade consensus peptides (ITLWQRPLV, IAARAVELL and DTVLEEWNL) in the study
cohort. These three peptides also proved to be weak binders to HLA-A*68:02 (Kd>500nM
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in each case; data not shown). In addition, we optimised the ‘A’ list 10mer Pol epitope
GAETFYVDGA to the 8mer ETFYVDGA epitope, which was also a significant better
binder than the 10mer to HLA-A*68:02 (Kd=1246 and Kd=2, respectively). Thus, in total
we identified 8 epitopes restricted by HLA-A*68:02, which support a peptide binding motif
comprising Glu at P1 and primary anchors of Thr at P2 and Ala in the C-terminal position of
the binding peptide (Table 1).

As described above, it is suggested that effective CD8+ T-cell responses are more likely both
to be Gag-specific and to drive selection pressure on the virus. We therefore first sought
evidence of selection pressure on HIV imposed by these responses. For Vpr EV10, 53% of
HLA-A*68:02 individuals carried mutations within the epitope compared to 16% in
A*68:02-negative persons, (P=8x1078) (Fig 3A), in most cases selecting for the E48D
polymorphism at P1 (P=0.0016) (Table 2), a mutation also selected in association with
HLA-A*68:02 in B-clade infection [33]. However, the viral set points in HLAA*68:02-
positive responders to this Vpr-EV10 epitope were higher than in the HLAA*68:02 positive
non-responders (P=0.003) (Fig 3B), suggesting lack of efficacy. Two Pol responses, Pol-
EAS8 and Pol-EA11, selected mutations in their flanking regions (Table 2); however no
response to Pol-EA11 was identified in elispot assays. The GagEI9, Gag-TA10 and Pol-EA8
responses showed non-significant trends towards lower viral setpoint in HLA-A*68:02-
positive responders, but, of note, significant selection pressure was imposed by these
responses (Table 2). The 1247V mutant was observed in association with HLA-A*68:02 at
P9 in the epitope TA10 in 4 out of 278 HLA-A*68:02 expressing individuals.

DISCUSSION

In this study we have undertaken a comprehensive analysis of the HIV epitopes restricted by
HLA-A*68:02 that are significantly targeted in a large cohort of study subjects in sub
Saharan Africa infected with C-clade virus. We have defined 8 HLA-A*68:02-restricted
epitopes, and propose a peptide-binding motif for HLA-A*68:02. Although five HIV
epitopes are currently listed as HLA-A*68:02-restricted in the Los Alamos HIV
Immunology database (www.HIV.lanl.gov), these are not supported by published
experimental data, and only two of these epitopes (Vpr-EV10 and Pol-EA8) are in common
with those described here. As described above, the remaining three epitopes included in the
Los Alamos immunology database list were not targeted to a significant degree in this cohort
and also proved to be weak binders to HLA-A*68:02 (data not shown).

The inability of HLA-A*68:02 to have a significant impact on viral load set-point [34] may
be reviewed in the light of these data. There is one HLA-A*68:02-restricted response in
Gag-TA10 (Gag 239-248), which shows evidence of selection pressure on the virus, albeit a
weak selection pressure. In contrast, the TW10 epitope (Gag 240-249) restricted by the
protective HLA-B*57/58:01 alleles, that overlaps the HLA-A*68:02 TA10 epitope, is under
strong selection pressure in HLA-B*57/58:01 expressing individuals [8, 15, 35, 36]. The fact
that the most frequently selected HLA-B*57/58:01 escape mutant T242N has a significant
fitness cost on the virus [36] may significantly contribute to immune control mediated by
these alleles [12].
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The dominant HLA-A*68:02-restricted responses in Pol and Vpr were also associated with
no beneficial impact on viral load. In fact, we observed an overall trend towards higher viral
load with increasing breadth of HLA-A*68:02 restricted responses (~=0.1, data not shown).
Although the Vpr-EV10 response was capable of driving selection pressure on the virus,
consistent with B-clade infection [33], this did not appear to be a protective response, in
keeping with previous studies suggesting in general a lack of immune control in subjects
targeting epitopes in the accessory/regulatory HIV proteins [10, 14].

These studies are therefore consistent with the hypothesis that an HIV-specific CD8+ Tcell
response comprised of multiple Gag specificities that are capable of imposing selection
pressure on the virus [13] is associated with improved immune control of viraemia.
Although the HLA-A*68:02 makes a significant contribution to HIV-specific CD8+ T-cell
activity, the Gag-specific response was subdominant and perhaps for that reason did not have
a significant protective effect. Previous studies of protective HLA-A alleles such as HLA-
A*74:01, however, have shown dominant Gag-specific responses and the selection of escape
mutants within Gag [21]. These data therefore do not suggest an intrinsic difference between
HLA-A and HLA-B molecules to explain the lack of contribution of HLA-A to immune
control of HIV. Indeed, where there are HLAA*68:02-restricted Gag responses they tend to
be associated with lower viral load, and in some instances there is evidence of selection
pressure, albeit in neither case are these effects strong. However this may simply reflect a
lack of dominant Gag responses restricted by HLA-A molecules in comparison to HLA-B,
in which the protective HLAB*57/58:01-, HLA-B*42:01, HLA-B*81:01, HLA-B*13:02-
restricted molecules present dominant responses directed towards p24 Gag and also impose
strong selection pressure within or in flanking regions of these epitopes [12]. However,
accumulation of escape mutations may represent epitopes being driven towards extinction
[37] and thereby affect immunogenicity. These data are therefore consistent with the concept
that a vaccine inducing Gag specific CD8+ T-cell responses might be effective not only for
individuals expressing protective HLA alleles such as HLA-B*27 and HLA-B*57, for whom
the dominant responses are Gag-specific in natural infection [14, 38], but also for individuals
expressing alleles such as HLA-A*68:02 that are not protective in natural infection, and in
whom Gag responses exist but are subdominant.
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Figure1l. HLA-A*68:02 restricts 8 epitopes in which dominant responses are directed towards
Pol and Vpr epitopes.

Screening of HIV infected individuals with 410 overlapping peptides from the entire HIV
proteome reveals eight 18mer peptides significantly associated with HLA-A*68:02
expression by IFNvy elispot. For OLP-33 associations all subjects expressing HLA-
B*57/58:01 were removed from analysis because of HLA-B*57/58:01 TW10 restriction. ¢-
value <0.1 used as cut off for HLA and OLP associations (n=1,010) with P-values
determined using Fishers’s exact test [38].
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Figure 2. Optimal and unequivocal characterization of HLA-A*68:02 restricted epitopes with
peptide binding affinity to HL A-A*68:02 confirming optimal epitopes and correlation to
targeting frequency

A. Three of the 18mer HLA-A*68:02 restricted peptides were optimised by peptide titration
with PBMCs from responding HLA-A*68:02 positive individuals (N078, R029 and N009)
using IFNy elispot with their respective HLA genotyping shown.

B. Optimal defined epitopes were used to stimulate CD8+ T cell responses to Gag-TA10,
Pol-EA8RT, Pol-EA10 and Vpr-EV10 from PBMCs derived from HLA-A*68:02 positive
individuals using intracellular cytokine staining to confirm these optimal epitopes.

C. HLA-A*68:02 tetramers were loaded with optimal peptides Pol-EA8 (ETFVVDGA),
Pol-EA10 (ETAYYILKLA) and Vpr-EV10 (ETYGDTWTGV) and used to stain epitope
specific CD8+ T cells from subject R029 (Vpr-EV10) and NO78 (Pol-EA10 and controlled
by a non-responding HLA-A*68:02 positive subject.

D. Peptide binding affinity to the HLA-A*68:02 molecule for Gag-TA10 and Pol-EA8-RT.
E. HLA-A*68:02 peptide binding compared to previous standard definitions of peptide-
MHC affinity.

F. Correlation of immunodominant targeting for five epitopes (located within 18mer
peptides) in n=143 HLA-A*68:02 positive individuals. Spearman rank correlation, r and P-
values shown in F.
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Figure 3. Vpr-EV10 specific CD8+ T cellsare associated with higher viral loads and select escape

mutationsin HLA-A*68:02 positive individuals.

A. Vpr sequencing of proviral HIV DNA from 248 subjects were used to identify escape
mutations within the Vpr-EV10 epitope and expressed as % of subjects not having the

ETYGDTWTGV wildtype sequence (‘any mutation’).

B. Viral loads in n=112 HLA-A*68:02 positive individuals for the Vpr-EV10 specific
response located within OLP-283 comparing IFNy elispot responders (‘+’) to HLA matched
non-responders (“-"). P-values by Fisher’s Exact test in A and Mann-Whitney U test in B.
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