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To better understand relationships between CD8� T-cell specificity and the immune control of human
immunodeficiency virus type 1 (HIV-1), we analyzed the role of HLA-B*13, an allele associated with low
viremia, in a cohort of 578 C clade-infected individuals in Durban, South Africa. Six novel B*13-restricted
cytotoxic T lymphocyte epitopes were defined from analyses of 37 B*13-positive subjects, including three Gag
epitopes. These B*13-restricted epitopes contribute to a broad Gag-specific CD8� response that is associated
with the control of viremia. These data are consistent with data from studies of other HLA-class I alleles
associated with HIV control that have shown that the targeting of multiple Gag epitopes is associated with
relative suppression of viremia.

Human immunodeficiency virus (HIV)-specific CD8� T-cell
responses play a central role in the immune control of HIV (6,
23, 33, 34). However, high-frequency CD8� T-cell responses
are also detectable in individuals progressing to AIDS (1, 5).
Thus, there are qualitative differences in HIV-specific CD8� T
cells that are likely to be critical in achieving immune control
of HIV. A strong clue to the nature of these qualitative differ-
ences arises from immunogenetic studies which have shown
associations between expression of particular HLA class I mol-
ecules, such as HLA-B*57, B*5801, and B*27, with successful
control of HIV (20, 28, 31) and associations between expres-
sion of other class I alleles, such as HLA-B*5802, B*18, and
B*3502/03, with unsuccessful control of HIV (7, 13, 20). These
HLA associations imply that the specificity of the CD8� T-cell
response is linked to the outcome of HIV infections, a hypoth-
esis supported by studies of both HIV-infected persons (11, 15,
19, 25, 27) and the simian immunodeficiency virus macaque
model (4, 12).

To further evaluate the relationship between the specificity
of CD8� T-cell responses and immune control, we investigated
HLA-B*13, a class I allele previously linked with successful
immune control (16, 36) but for which comprehensive analyses
of the CD8� T-cell response had not been undertaken. The

initial study cohort comprised 1212 antiretroviral therapy-na-
ı̈ve adults from Durban, South Africa, with chronic HIV-1 C
clade infections. The phenotypic frequency of HLA-B*13 was
3.9% in this cohort, and the viral load (taken from a single time
point) of HLA-B*13-positive subjects (n � 47) was signifi-
cantly lower than that of B*13-negative subjects (median,
10,800 HIV RNA copies/ml versus 40,900 copies/ml; P � 0.009
by the two-tailed Mann-Whitney test). Although �25% of the
B*13-positive subjects had a viral load of �1,000 (28%; 9% for
the B*13-negative subjects), the same proportion of B*13-
positive subjects versus B*13-negative subjects also had a viral
load of �150,000 (26% in each case; interquartile range, 789 to
151,000 for HLA-B*13-positive subjects and 7,547 to 154,000
for HLA-B*13-negative subjects) (data not shown). Thus,
while a substantial proportion of the B*13-positive study sub-
jects controlled viremia very effectively, an equally substantial
proportion achieved no better control than the cohort as a
whole. Therefore, the aim of this study was to determine
whether differences in HLA-B*13-restricted CD8� T-cell re-
sponses could explain, at least in part, differential outcomes of
disease progression in B*13-positive individuals.

Comprehensive analyses of CD8� T-cell responses were un-
dertaken for 578 subjects, which included 27 C clade-infected
B*13-positive individuals, by testing recognition of a panel of
410 overlapping 18-mer peptides spanning the consensus C
clade proteome by gamma interferon (IFN-�) enzyme-linked
immunospot (ELISPOT) assays (20). Three novel HLA-B*13-
restricted epitopes were identified within Gag (Fig. 1A to C).
A previously described B clade epitope in Nef from C clade-
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infected subjects was confirmed (Fig. 1D) (16, 37), and an
additional novel C clade HLA-B*13-restricted epitope was
identified in Rev, within the overlapping peptide RPAEPV
PLQLPPIERL (Rev residues 66 to 78). Targeting of this pep-
tide was strongly associated with HLA-B*13 (P � 2.17 � 10�6

by Fisher’s exact test); however, the optimal epitope was not
confirmed in this case (Fig. 2). Additional analyses undertaken
for 10 HIV-1 B-clade-infected subjects expressing B*13 re-
vealed two additional novel B*13-restricted epitopes within
protease and reverse transcriptase in epitopes that do not arise
in the respective C clade proteins due to sequence variations
(Fig. 1E to F).

Previous studies have suggested that Gag-specific CD8� T-
cell responses may be critical in the immune control of HIV
(10, 21, 22, 32, 35, 40). Therefore, we hypothesized that HLA-
B*13 is associated with lower levels of viremia because of the
number of HLA-B*13-restricted Gag epitopes targeted. We
observed a trend that supported this hypothesis, with �1 B*13-
restricted Gag response associated with a median viral load of
14,650 versus a median viral load of 1,525 for �2 responses
(P � 0.084 by the two-tailed Mann-Whitney test) (data not
shown). A consistent trend was also seen for the HLA-B*13-
positive subjects for p17 Gag (the median viral load of subjects
having �1 response was 12,700 versus 811 for those with �2

FIG. 1. Definition and optimization of six HLA-B*1302 epitopes. HLA restriction in each case was determined using intracellular IFN-�-
staining assays, as previously described (14). The HLA types on the y axis correspond to the Epstein-Barr virus transformed B-cell lines used as
antigen-presenting cells. These match the HLA type of the effectors from subject 9308024 (HLA type, A*0301/3001, B*1302/1402, Cw*0602/0802).
Epitope optimization was determined by IFN-� enzyme-linked immunospot assays (14). (A to D) Epitopes from B and C clade-infected individuals.
(E and F) Epitopes from B clade-infected individuals only. (A) Epitope VQNLQGQMV (Gag residues 135 to 143). (B) Epitope GQMREPRGSDI
(Gag residues 226 to 236). (C) Epitope RQANFLGKI (Gag residues 429 to 437). (D) Epitope RQDILDLWV (Nef residues 106 to 114).
(E) Epitope RQYDQILIEI (Pol residues 113 to 122). (F) Epitope GQGQWTYQI (Pol residues 488 to 496). SFC, spot-forming cells; PBMC,
peripheral blood mononuclear cells.

FIG. 2. Confirmation of the predicted motif for B*1302 with six defined epitopes and one predicted epitope. The B*1302 motif is inferred
for position 2 and the carboxy terminus (PC) of the epitope.
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responses; P � 0.053), p24 Gag (median viral load, 23,050
versus 1,950; P � 0.021), and p15 Gag (median viral load, 7,420
versus 1,010; P � 0.05) (Fig. 3).

Overall, CD8� T-cell responses in the cohort revealed a
strong association between the increasing Gag-specific breadth
of the response and the decreasing viral load (21). Here, using
multiple regression analyses, we analyzed the contributions of
the responses toward the individual Gag proteins, p17 Gag,
p24 Gag, and p15 Gag, in the cohort overall (n � 578) (data
not shown). These data show that the breadth of p24 Gag-
specific responses is associated significantly with decreasing
viremia, each additional p24 Gag-specific response targeted
being associated with a 0.114 log10 reduction in viral load after
adjustments for the effects of both p15 and p17 Gag responses
(P � 0.001) (data not shown). The breadth of p17 Gag- and
p15 Gag-specific responses, however, was not significantly as-
sociated with decreasing viral load in this study (data not
shown).

Previous studies of HLA-B*57, B*5801, and B*2705 HLA
class I alleles associated with successful control of HIV have
identified epitope-specific mutations within p24 Gag that result
in a fitness cost to the virus (15, 19, 24, 27, 30). To investigate
whether characteristic Gag sequence variants are also associ-
ated with the HLA-B*13 Gag-specific epitopes defined, autol-

ogous virus sequences from DNA and RNA were determined
as previously described (25) (Fig. 4A). p24 Gag sequences
from 562 C clade-infected individuals in Durban, including 38
B*13-positive subjects, were analyzed, and significant varia-
tions from the consensus in association with the B*13 p24 Gag
epitope VQNLQGQMV (Gag residues 135 to 143) at Gag
residue 147 (P � 1.23 �10�9 by Fisher’s exact test) (Fig. 4A)
were identified. Variations at Gag residues 146 and 147 have
previously been identified in association with expression of
B*57/5801 (25), the A146P mutation at 146 being an endoplas-
mic reticulum amino peptidase I-processing mutation for the
B*57/5801-restricted ISPRTLNAW epitope (Gag residues 147
to 155) (9). Exclusion of viral sequences from B*57/5801-pos-
itive individuals strengthened the association between HLA-
B*13 and the viral sequence variation at Gag residue 147 and
indicated a B*13 association at Gag residue 146 (P � 0.032)
(Fig. 4A). A third epitope lies within the same region of p24
Gag, the HLA-B*1510-restricted epitope VHQAISPRTL
(Gag residues 143 to 152), and there is also a B*1510-associ-
ated sequence variation at Gag residue 146 (P � 0.008; with all
sequences, excluding those from B*57/5801-positive subjects,
P � 6.7 � 10�5). Thus, selection pressure associated with the
B*13, B*57/5801, and B*1510 p24 Gag epitopes driving se-
quence change occurs at residues downstream of the epitope,

FIG. 3. Comparison of numbers of p17, p24, and p15 Gag responses to viral load. (A to C) Results for B*13-positive individuals (black and gray
symbols represent clade B- and C-infected individuals, respectively). (D to F) Results for whole cohort of 578 individuals. (G) Association of �1
and �2 p17, p24, and p15 Gag responses to viral load for HLA-B*13-infected individuals.
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upstream of the epitope, and within the epitope, respectively
(Fig. 4C), but in each case involves the same Gag residues, 146
and 147. HLA-B*57, B*5801, and B*1510 were the only alleles
in addition to B*13 that showed evidence of selection pressure

on the virus in this region of p24 Gag (data not shown). This
convergence of sequence variation supports the hypothesis
that epitope mutation within p24 Gag is severely limited by
viral fitness constraints and that the identities of the escape
mutations may be stereotypic not only for a given allele (2) but
also for several alleles targeting epitopes in the same region
(27). These data, supported by earlier published work in rela-
tion to the B*57/5801-associated A146P mutation (9), suggest
that variations at Gag residues 146 and 147 may arise at rela-
tively little cost to viral fitness, whereas variations arising at
residues in the immediate vicinity of Gag residues 146 and 147
may significantly reduce viral fitness.

Analysis of 347 p15 Gag sequences in the region of the
HLA-B*13-restricted Gag epitope RQANFLGKI (residues
429 to 437) also revealed B*13-associated mutations K436R
and I437VLM (P � 0.002 and 2.41 � 10�7, respectively) (Fig.
4B). The mutations are situated at the C terminus of the
HLA-B*13 epitope. The epitope exactly maps the cleavage
recognition site for protease, between p7 (nucleocapsid pro-
tein) and p1. Notably, of the seven B*13 individuals targeting
this epitope for whom sequence and response data were avail-
able, none had the I437VLM mutation. The consequences of
the mutations driven by the HLA-B*13-restricted p15 Gag-
specific response are unknown, but these data support the
hypothesis that viral fitness may be affected as a result of
interference with protease cleavage at this site.

These studies of the HIV-specific CD8� T-cell responses
restricted by HLA-B*13-positive individuals demonstrated the
existence of three novel Gag-specific responses, the targeting
of which is associated with lower viral loads. These data are
thus consistent with data from studies of other HLA class I
alleles associated with the control of HIV infection that have
shown that targeting of multiple Gag epitopes is associated
with relative suppression of viremia (10, 21, 22, 32, 35, 40).
Only the breadth of the CD8� T-cell responses targeted to p24
Gag was associated significantly with decreased viral load.

The mutations within Gag associated with B*13-restricted
alleles and overlapping Gag epitopes restricted by other class I
alleles identified here support accumulating data from other
studies that viral escape from p24 Gag-specific CD8� T-cell
responses is severely limited by viral fitness constraints (15, 19,
24, 27). Lack of longitudinal data available from the study
subjects precluded direct assessment of whether reduced con-
trol of viremia is precipitated by HLA-B*13-associated escape
mutations, and the impact of the particular mutations identi-
fied here on viral fitness and CD8� T-cell recognition were not
evaluated in this study. However, it is noteworthy that a po-
tential B*13-associated processing mutation could arise four
amino acids downstream (at Gag residue 147) of the C termi-
nus of the epitope, in this case VQNLQGQMV (Gag residues
135 to 143). Processing escape mutations downstream of HIV-
specific epitopes at two, five, and eight residues downstream of
the C terminus have been described (3, 29, 39), and viral
nucleoprotein mutations introduced experimentally in the
mouse influenza model have shown that changes four amino
acids downstream of the C terminus of the epitope can abro-
gate (or restore) presentation of that epitope (38). Thus, there
is a precedent for processing escape mutations to be selected
four amino acids or more downstream of the epitope C terminus.

The seven HLA-B*13-restricted HIV-specific epitopes shown

FIG. 4. Mutations in Gag associated with HLA-B*13. (A) Compar-
isons of numbers of variations from the consensus for p24 VQN
LQGQMV (Gag residues 135 to 143; numbering corresponds to that
for the HXB2 reference strain) with those for five residues beyond the
N and C termini of the epitope. A total of 562 C clade RNA and DNA
sequences were compared. Comparisons were also made for subjects
not carrying B*57/5801. (B) Comparisons of numbers of variations
from the consensus for p15 RQANFLGKI (Gag residues 429 to 437;
numbering corresponds to that for the HXB2 reference strain) with
those for five residues beyond the N and C termini of the epitope. A
total of 347 C clade RNA and DNA sequences were compared.
(C) Three epitopes restricted by B*13, B*1510, and B*57/5801 and
their relations to the mutation at position 146, which is significantly
associated with B*13, B*1510, and B*57/5801, and to the mutation at
position 147, which is significantly associated with B*13 and B*57/5801
(shaded residues). �ve, positive; �ve, negative; WT, wild type.
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in Fig. 2 suggest a peptide-binding motif for HLA-B*13 that
has not previously been defined. Characteristically, glutamine
is at position 2, and a medium-to-small hydrophobic amino
acid (leucine/isoleucine/valine) is at the C terminus. The resi-
dues forming the B pocket of B*13 are identical with those of
HLA-B*1501 (HLA-B62), for which the peptide binding motif
has been determined, and in this case the motif has Gln, Met,
or Leu at P2 (8, 17, 18). In addition, it is noteworthy that three
of the seven HLA-B*13 epitopes defined have Arg at position
1. Comparison of the HLA-B*13 A pocket with that of B*2705,
which also has a preference for Lys or Arg at position 1, shows
that they are identical in the constituent residues important for
binding (26).

In conclusion, these data show that carrying the HLA-B*13
allele is associated with an advantage for HIV-1-infected indi-
viduals but that this association with low viremia depends to a
great extent on the targeting of Gag epitopes, a proportion of
which may be B*13 restricted. The reasons for the importance
of Gag as a target for successful control of HIV remain un-
known. The hypothesis that Gag escape variants often incur a
significant cost to viral fitness needs to be further evaluated.
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