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HLA-B molecules target more conserved regions of
the HIV-1 proteome
Ana I. Fontaine Costaa,M, Xiangyu Raob,M, Emmanuelle LeChenadecb,
Debbie van Baarlea,d and Can Keşmirb,c
Background: HLA-B alleles of HIV-infected individuals have been shown to have a
major impact on their rate of progression toward AIDS, and the T-cell responses they
restrict are immunodominant.
Objective: We sought to identify whether the association of HLA-B alleles with rate of
progression toward AIDS is due to targeting of more restricted and thus more conserved
regions of the HIV-1 proteome.
Methods: Each residue of the HIV-1 consensus subtype B sequence was coded
according to the presence/absence of an epitope, using the compiled epitope data
available in the HIV-LANL immunology database. The Shannon entropy for each HXB2
position was calculated using pre-aligned HIV-1 clade B sequences as a measure of its
degree of conservation. We then compared the entropy of empty versus epitopecontaining positions and HLA-B-restricted versus HLA-A-restricted positions.
Results: Positions containing CD8þ epitopes were significantly more conserved than
corresponding empty positions. Moreover, residues targeted by HLA-B alleles in the
HIV-1 proteome were significantly more conserved than the ones targeted by HLA-A
alleles. Analysing a recent dataset, we found that B epitope regions contain significantly
more escape mutations and reversions, which might be the reason why we find them to
be more conserved.
Conclusion: Our results suggest that epitopes in HIV-1 targeted by HLA-B alleles lie in
more constrained regions of its proteins, in which mutations might have a higher fitness
cost and tend to revert. Consequently, HLA-B-restricted cytotoxic T-lymphocyte
(CTL) responses may persist longer. This may be one of the factors contributing to
the immunodominance and impact of HLA-B-restricted CTL responses on disease
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Introduction
Cytotoxic T lymphocytes (CTLs) are believed to have a
central role in controlling HIV-1 infection (reviewed in
[1]). T cells responding to HLA-B-restricted epitopes
seem to be immunodominant [2], and, through not yet
understood reasons, have a major impact on progression
toward AIDS (reviewed in [1]). It seems reasonable to
assume that eliciting T-cell responses that are efficient,
preserved and not evaded by HIV would be beneficial.
These T cells would, thus, target regions of proteins
with less mutational flexibility. As such, the mutability
of the presented peptides might play a role: if HLA-B
alleles present more constrained regions of HIV-1, the
corresponding CTL responses may be better maintained
and thus standing out as immunodominant. In addition, if
escape mutations occur in these constrained epitopes, the
fitness costs might be high and set strict limits to growth of
the escape mutants, which would have a large impact on
the rate of disease progression. In this study, we measured
the degree of conservation of HIV residues targeted by
HLA-B versus HLA-A alleles, and found that those
targeted by HLA-B alleles are indeed more conserved.

Materials and methods
Pre-aligned clade B HIV-1 protein sequences (Gag, Pol,
Env, Vif, Tat, Rev, Vpu, Vpr, Nef sequences dated 2007
or older) were downloaded from the LANL database
(www.hiv.lanl.gov, July 2008). Only one sequence per
patient is present in this selection, and recombinant
sequences were excluded. Gag, Vpu, and Env were
further manually curated. There was no clear bias in the
number of sequences per protein that would hamper the
calculation of the entropy per position (ranging from
194 sequences for Tat to 824 sequences for Nef).
Similarly, the sampling year of the database sequences
used for this analysis (ranging from 125 sequences from
1981 to 1985 to 866 sequences from 2001 to 2005) was
not different than expected from the progressive
increasing number of studies from the beginning of
the epidemic. The Shannon entropy [3] at each position i
of HIV-1 protein alignments was calculated to measure
the conservation in terms of a score S, which is defined
as S ¼ 1  H, where H represents the normalized
Shannon entropy. Statistical analysis was performed in
R package (www.rproject.org).

annotated in relation to their relative amino acid position
within it. We have downloaded HXB2 protein sequences
and defined each residue relative to the epitope it has been
reported to contain: unique HLA-A, HLA-B, or HLA-C
epitope (positions A, B, or C), or both an A and B epitope
(X), or empty (E), using publicly available CTL epitope
lists at the LANL immunology database (http://www.
hiv.lanl.gov/content/immunology, details of this coding
schema are explained in the legend of Table 1).
Table 1 summarizes the fraction of residues comprised in
HLA-A, HLA-B, and HLA-C epitopes across the total
proteome and within each encoded HIV-1 protein.
Approximately 41% of the total protein residues do not
contain any described epitopes so far. Although p17
(matrix), p24 (capsid), and protease have 5–13% empty
positions, the remainder proteins have large ‘epitope
empty’ regions (28–78%).
There is a great variation in epitope density among
proteins, which could be due to lower immunogenicity
and/or just not being so thoroughly studied. For example,
the low fraction of empty positions in p17 (13%) and
p24 (6%) concurs with the fact that their precursor
polyprotein Gag has been intensively studied, both
because it is a main target for CTL responses associated
with significant reduction in viral load [4–11] and is also
highly immunogenic, even in different ethnicities [12].
An additional likely contribution for an under-representation of epitopes in more variable proteins is the
general use of peptides derived from consensus sequences
to measure responses in in-vitro settings [13,14].

Results and discussion

In the total proteome, the fraction of unique A and B
positions is equivalent (Table 1, 23.5 versus 23.0%,
respectively). Still, Gag-p24 and Nef seem to be
preferentially targeted by HLA-B alleles (57.6 and
35.4% of the total protein residues, respectively), the
B-fraction being over three-fold higher than the
A-residues. These proteins, the former being highly
conserved when compared with Nef, have been
previously shown to dominate the total HIV-specific
response, in both breadth and magnitude [15]. Tat is
also preferentially targeted by HLA-B alleles (16.8
versus 5.0% targeted by HLA-A), although this
preference may be biased given the large proportion
of epitope-free amino acids (57.4%) in this protein. In
contrast, more A positions are described for the
structural gp160 and the regulatory Rev proteins
(25.8 and 28.4% of the total protein residues; twofold and three-fold higher than B positions, respectively), which are among the most variable proteins in
the proteome [16].

Analysis of HIV-1 clade B major
histocompatibility complex class I epitopes
The HIV-1 clade B sequence HXB2 has been widely used
as B-consensus sequence, and epitopes have been

Degree of conservation of amino acid positions
in clade B HIV-1
In order to assess the degree of conservation in all
HIV-1 proteins, pre-aligned sequences from clade

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

HIV-1 HLA-B epitopes are more conserved Costa et al.
Table 1. Fraction of epitope-free and epitope-coded amino acid positions per protein in the HIV-1 clade B proteome.
Protein
Gag-p17
Gag-p24
Gag-p2p7p1p6
Pol-protease
Pol-RT þ RNaseH
Pol-integrase
Vif
Vpr
Tat
Rev
Vpu
gp160
Nef
Total proteome

Length
(aa)
132
231
137
99
560
288
192
96
101
116
82
856
206
3096

Percentage A
34.1
13.9
34.3
43.4
28.6
13.2
22.4
34.4
5.0
28.4
11.0
25.8
9.2
23.5

(6)
(4)
(6)
(6)
(22)
(5)
(6)
(5)
(1)
(5)
(1)
(30)
(3)
(100)

Percentage B

Percentage C

Percentage X
(A and B)

Percentage E

B/A

30.3 (6)
57.6 (19)
27.7 (5)
33.3 (5)
23.8 (19)
20.5 (8)
26.0 (7)
21.9 (3)
16.8 (2)
8.6 (1)
0.0
12.1 (15)
35.4 (10)
23.0 (100)

0.0
0.4
0.0
3.0
0.2
2.8
0.0
0.0
7.9
7.8
11.0
5.0
0.5
2.7

22.7
22.1
4.4
15.2
14.1
3.8
3.1
2.1
12.9
0.0
0.0
5.0
26.7
10.0

12.9
6.1
33.6
5.1
33.4
59.7
48.4
41.7
57.4
55.2
78.0
52.0
28.2
40.8

0.9
4.2
0.8
0.8
0.8
1.6
1.2
0.6
3.4
0.3
0.0
0.5
3.8
1.0

The protein sequences of the clade B consensus sequence HXB2 (accession number K03455) were downloaded from the LANL database (http://
www.hiv.lanl.gov/content/sequence) and each residue was defined according to the epitope(s) it has been reported to contain: unique HLA-A,
HLA-B, or HLA-C epitope (positions A, B, or C), or both an A and B epitope (X), or empty (E). Epitopes were retrieved from publicly available CTL
epitope lists at the LANL immunology database (http://www.hiv.lanl.gov/content/immunology, July 2008). Two CTL epitope lists are available: the
best defined CTL epitope list (epitopes with defined optimal length and HLA restriction, verified by several independent research groups) and the
CTL epitope summary list (epitopes thus far described in the literature). Every epitope stated in the best defined CTL epitope list with an HLA
restriction was used to assign residues of HXB2 proteins to one of the categories above. Epitopes that, although not having been assigned to subtype
B or any other, are nonetheless found in the HXB2 protein sequences, were also included (a total of 169 curated epitopes were thus included, as
compared to the initial 86). To avoid overestimation of empty positions, every E position in the best defined epitope coding was redefined as A, B, C,
or X if, in the summary list, it contained an epitope of the corresponding category (following the above-mentioned criteria, yielding a total of 630
curated epitopes versus the initial 520). The under-representation of C epitopes (2.7%, although some are in fact included in the category x) most
likely reflects the fact that they have been seldomly studied thus far. Highlighted in bold are the proteins in which the fraction of B positions is over
three-fold higher than that of A residues (p24, Nef, and Tat), whereas italic highlights the ones with a B/A fraction of 0.5 or less (Rev, gp160).
Numbers in parentheses indicate the contribution of each HIV-1 protein to the total fraction of residues that are exclusively targeted by HLA-A or
HLA-B alleles. The premature stop codons in Tat and Nef (codons 87 and 124, respectively) were coded in HXB2 as a gap (), because epitopes
have been described beyond them, and thus the remainder of the HXB2 sequence was also epitope-coded. The same criteria were applied to the
frame-shift mutation in Vpr (position 5772).

B HIV-1-infected patients available in the LANL database
were used to calculate the entropy per residue, as
described in Materials and methods section. The entropy
analysis showed that CTL epitope-free positions in
general are significantly more variable than epitopecontaining regions (at the whole proteome: P < 0.001; at
the single protein level for gp160, Nef, p2p7p1p6, and
Tat: P < 0.05; Mann–Whitney tests). This is in agreement with the findings of Yusim et al. [16] that an inverse
correlation exists between protein sequence variability
and the presence of HIV-specific CTL epitopes. In Rev
and Vif, epitope-free positions are more conserved than
the rest of the protein (P < 0.025).
Focusing on the epitope-containing regions, we found
that HLA-B-targeted residues in the HIV-1 proteome are
significantly more conserved than residues targeted by
HLA-A (P < 0.01). The large contribution (see Table 1)
of conserved p24 to HLA-B-targeted positions (19% of
HLA-B-targeted residues) and of variable gp160 to
HLA-A-targeted positions (30% of HLA-A-targeted
residues) may partially explain this observation: excluding either p24 or gp160, HLA-B-targeted residues
remain more conserved than HLA-A counterparts;
however, the difference is no longer significant. Within
each HIV-1 protein, the conservation of HLA-A-

targeted and HLA-B-targeted regions is not significantly
different.

Conservation: lack of selection pressure or
being constrained?
The results above do not directly show that HLA-Btargeted regions are more functionally and/or structurally constrained. In fact, one might argue that this
lower entropy could reflect that these positions are not
under enough selection pressure by CTLs to mutate.
Alternatively, the higher degree of conservation of
HLA-B-targeted positions can be the local net effect of
escape mutations and subsequent reversion. The best
way of exploring which of the two scenarios is more
likely would be to analyse large-scale transmission data.
However, we are not aware of such data being publicly
available to date. As an alternative, we analysed data
published recently by Wang et al. [17]. Briefly, they
have analysed near full-length viral genomes from 98
chronically infected individuals and reported 76 HLA
class I-associated mutations (within and flanking
regions of described and predicted epitopes). These
were classified as mutations in the presence (escape) or
absence (reversion) of the restricting HLA allele. We
analysed the data of Wang et al. and found that HLA-Bassociated reversions and escapes are significantly
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enriched when compared with HLA-A counterparts
(reversions: HLA-A ¼ 5; HLA-B ¼ 22; escapes: HLAA ¼ 6, HLA-B ¼ 26) (P < 0.01, x2-test; expected values
were determined using total A þ B positions identified
according to our coding). Some of the reported HLAassociated polymorphisms in the study by Wang et al.
overlap with a verified epitope from another loci and
thus cannot be used as HLA-A-specific or HLA-Bspecific positions. After correcting for this effect, the
number of escapes and reversions associated with HLAB alleles was still significantly different than expected
(P ¼ 0.002). These data, together with our finding that
HLA-B-targeted positions are more conserved, suggest
that HLA-B alleles target more constrained regions of
HIV-1 than HLA-A alleles. In line with this, Li et al.
[18] have illustrated that mutations at conserved sites
revert more rapidly, suggesting they might be
structurally or functionally constrained and thus impact
viral fitness. Escape mutations in epitopes restricted by
low-risk hazard HLA-B alleles (B51, B27, and B57)
become fixed in the population (Schellens et al.,
manuscript submitted) and correlate with the prevalence of the corresponding HLA [19]. Taken together,
HLA-B-targeted positions thus seem to be under strong
selection pressure. However, as they are in constrained
regions of the HIV-1 proteome, either HLA-B escape
mutations are rapidly converting or becoming fixed in
the population (when accompanied with compensatory
mutations) and, as a net result, HLA-B epitopes remain
more conserved.
To our knowledge, this is the first formal demonstration
of a preferential targeting of conserved regions in the
HIV-1 proteome by HLA-B alleles. The reason behind
why HLA-B molecules target conserved regions is
largely unknown. Still, we believe it is not accidental
and is partially due to the known binding motifs of
HLA-B molecules. For example, less easily mutable
amino acids, tryptophan (W) and proline (P), are
overexpressed in the HLA-B positions (data not shown).
These two amino acids occur almost exclusively in the
binding motifs of HLA-B molecules (e.g., B7 and B58
supertypes) [20].
We acknowledge that our analysis is limited to the current
epitopes described in the database and we cannot exclude
that more epitopes, unidentified to date, may be targeted
in the thus far empty regions, as previously illustrated
by Schellens et al. [21], or that HLA specificities of A
and B alleles may overlap in the thus far ‘exclusive’ A
or B positions. In addition, we used database-curated
sequences for each protein to determine the entropy at
each amino acid position, irrespective of the time after
seroconversion. Notwithstanding, the indication that
HLA-B alleles target residues that are more constrained to
mutate may allow preservation of responses targeting
more conserved epitopes and, thus, be one of the factors
contributing to the immunodominance of HLA-B-

restricted CTL responses and their stronger/greater
impact on disease progression.
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