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Understanding the basis of the immune determinants controlling disease outcome is crit-
ical to provide better care to patients and could be exploited for therapeutics and vaccine
design. The discovery of the human immunodeficiency virus (HIV) virus as the causing
agent of acquired immunodeficiency syndrome (AIDS) decades ago, led to a tremendous
amount of research. Among the findings, it was discovered that some rare HIV+ indivi-
duals, called HIV controllers (HICs), had the ability to control the virus and keep a low
viral load without the need of treatment. This ability allows HICs to delay or avoid pro-
gression to AIDS. HIV control is strongly associated with the expression of human leuko-
cyte antigen (HLA) alleles in HICs. From the HIV protective HLAs described, HLA-B57 is
the most frequent in HIC patients. HLA-B57 can present a large range of highly con-
served Gag-derived HIV peptides to CD8+ T cells and natural killer (NK) cells, both the
focus of this review. So far there are limited differences in the immune response strength,
magnitude, or receptor repertoire towards HIV epitopes that could explain viral control in
HICs. Interestingly, some studies revealed that during early infection the large breadth of
the immune response towards HIV mutants in HLA-B57+ HIC patients, might in turn influ-
ence the disease outcome.

Introduction
Human immunodeficiency virus (HIV) directly weakens the immune system [1] and currently
∼38 million people live with the virus worldwide (https://www.who.int/teams/global-hiv-hepatitis-
and-stis-programmes/hiv/strategic-information/hiv-data-and-statistics). Antiretroviral therapy (ART)
has dramatically improved the health of HIV-infected individuals; however, many side effects arise
from prolonged ART use [2,3]. Furthermore, only three-quarters of all people living with HIV have
access to ART, leaving ∼10 million people to live without, including ∼50% of HIV+ children (www.
unaids.org/sites/default/files/media_asset/2022-global-aids-update_en.pdf ). There is urgent need to
develop new treatments and ideally an HIV vaccine. The major hurdle towards a cure or a vaccine
against HIV is due to the genetic diversity of the virus that allows for evasion of immune surveillance
[4,5] and post-infection latency creating a viral reservoir [6]. This ability to ‘hide’ leads to persistent
infection that weakens the immune system and causes progression to acquired immunodeficiency syn-
drome or AIDS [7].
Rare individuals termed HIV controllers (HICs) or long-term nonprogressors (LTNP), can maintain

low viral loads (<50 copies of HIV RNA/ml of plasma) and remain healthy in the absence of ART
[8,9]. HICs only represent <0.5% of HIV+ individuals. It remains unknown how viral control is
achieved. Therefore, understanding the basis of HIV control in HIC individuals could offer clues to
provide better protection and potentially eliminate the virus by mimicking, or even boosting the
immune response.
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Interestingly, the strongest association with HIV control is the expression of ‘protective’ human leukocyte
antigen (HLA) alleles [10], which is in turn linked to a functionally superior CD8+ T cell response. This is
mediated by the T cell receptor (TCR) recognition of the HLA presenting HIV epitopes. Some protective HLAs
against HIV are HLA-B57 [11,12], HLA-B27 [13], HLA-B81 [13], and HLA-B52 [14]. However, other HLA
molecules have been linked with progression to AIDS and can be detrimental in progressor patients.
HLA-B57 is found at a global frequency of 1% [15] but >40–60% in HIC individuals [11]. Studies have dis-

cerned that HLA-B57-mediated HIV control is associated with strong CD8+ T cell responses early on in HIV
infection [11,16], expansion of immunodominant T cell clones [11,17], and recognition of conserved HIV epi-
topes [17]. In addition to T cell-mediated response, HLA-B57 can also present HIV peptides to natural killer
(NK) cells. There are links between viral control in HLA-B57+ individuals and the expression of specific NK
cell receptor allomorphs [18]. However, it needs to be clarified that although the HLA-B*57 allele is highly
associated with the HIC phenotype, it is not sufficient by itself to confer control of viremia [11].
In this review, we explore the characteristics of the HLA-B57 molecule and its association with HIV control

based on the presentation of conserved Gag epitopes targeted by both CD8+ T cells and NK cells.

Characteristics of the most HIV protective HLA allele: HLA-B57
HLA molecules are highly polymorphic, with >24 000 HLA class I alleles described to date [19,20]. HLA mole-
cules consist of a heavy and a light chain (α and β2-microglobulin, respectively). The α-chain forms the
peptide binding cleft that accommodates small peptides (usually 8–10 residues) [21,22]. The peptide binds to
the HLA cleft via six pockets designated A through F [21] and is anchored by two primary residues, one at
position 2 (P2) and one being the last residue (PΩ), that bind the B and F pocket, respectively [21].
The most frequently expressed HLA-B57 alleles are HLA-B*57:01 (1%), HLA-B*57:02 (0.1%), and

HLA-B*57:03 (0.4%) [15] with some differences based on ethnicity (Table 1) [23]. Polymorphisms between the
three HLA-B57 allomorphs are located at positions 114, 116, and 156 (Table 2). Residues 114 and 156 are in
the C pocket. Polymorphic residue 114 can impact the peptide secondary anchor residue [21,24], while residue
116 could affect the binding of the primary anchor residue to the F pocket (Figure 1A) [21,24].
HLA-B*57:01 and HLA-B*57:03 have been associated with HIV control in Caucasian and African patients,

respectively [25–27]. Both allomorphs are associated with slower HIV-1 disease progression and present a
broad range of conserved CD8+ T cells epitopes [28]. Although HLA-B*57:02 was identified in an African

Table 1. Frequency of the main HLA-B57 allomorphs

Africa (%) Asia (%) Europe (%) North America (%) Central and South America (%)

HLA-B*57:01 10 7 6 1.8 1.6

HLA-B*57:02 2 0.1 0.1 0.2 0.6

HLA-B*57:03 5 0.4 0.7 0.8 0.9

The data were obtained from the server allelefrequencies.net.

Table 2. Polymorphisms within the main
HLA-B57 allomorphs

HLA residue position

114 116 156

HLA-B*57:01 D S L

HLA-B*57:02 N N R

HLA-B*57:03 Y Y —

Polymorphic residues are shown in bold and
matching residue is shown as dash.
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population [29], there is limited information beside the fact that polymorphisms change the peptide repertoire
compared with the other two allomorphs [30]. The impact of polymorphisms on HIV control has been
described, with HLA-B*57:01 being the most protective allomorph and HLA-B*57:03+/HIV+ patients exhibiting
lower viral load than HLA-B*57:02+ patients [31].

HLA-B57-restricted HIV-specific CD8+ T cell response
There is a total of 37 published HIV-derived epitopes that are presented by HLA-B*57:01 [32]. The majority of
the studied HIV epitopes are derived from the Gag-Pol polyprotein due to the strong T cell response associated
with them. The link between protection against AIDS progression and HLA-B57 was proposed to be due to the
large number of Gag-derived epitopes that this HLA can present. Among the Gag epitopes, three are highly
conserved and widely studied, namely IW9 (138ISPRTLNAW146), KF11 (162KAFSPEVIPMF172), and TW10
(240TSTLQEQIGW249) (Figure 1, Table 3) [33].
There is conflict in the literature. On the one hand, there are studies that show no differences in the CD8+ T

cell responses, between HLA-B57+ HICs and progressors, specific to HLA-B*57:01-restricted epitope, or the
restriction of virus replication [34]. On the other hand, other studies report differences in the frequency of
polyfunctional CD8+ T cells [35], clonotype numbers or diversity for KF11- and IW9-specific T cells [36].
Despite this, some rare HIV mutants were observed only in HICs, suggesting a potential selective pressure by
CD8+ T cells in HICs [37]. The consensus so far suggests that the CD8+ T cell response in HICs is less broad

Figure 1. Structures of KF11 and IW9 presented by HLA-B57.

(A) Structure of HLA-B*57:01 (pale grey cartoon) presenting the KF11 peptide (green sticks). (B) Structure of HLA-B*57:03 (grey

cartoon) in complex with the IW9 peptide (blue sticks). (C) Structure of HLA-B*57:01 (pale grey cartoon) with the TW10 peptide

(orange sticks). The shift towards the N-terminal of the TW10 peptide forces the P1-T outside the cleft. (D) Structure of the

HLA-B*57:03 (grey cartoon) presenting the KF11 peptide (light green sticks). (A–D) The polymorphic residues of HLA-B57

(positions 114 and 116) are shown as sticks. (E) Structure of the AGA1 TCR (CDR3α in pink and CDR3β in blue) docking atop

the HLA-B*57:03 (grey cartoon) presenting the KF11 peptide (yellow cartoon and sticks). (F) Side view of HLA-B*57:03 cleft

(grey cartoon) showing the interactions (yellow dashed lines) between the HLA residues (grey sticks) and the IW9 peptide (blue

cartoon and sticks).
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than in progressors, due to a high focus on HLA-B57-restricted epitopes [11,34]. The success of T cells in
cancer immunotherapy [38] has led to a resurgence of interest to characterise and compare HIV-specific T
cells in HICs and progressors, exploring new protective HLA alleles [39–41].
While the mechanism behind the critical role of T cells in HIV control is unclear, the current data suggest

that there is more than one mechanism for viral control, such as NK cells discussed below.

T cell recognition and HLA-B57 presentation of the ‘featured’ KF11 epitope
The KF11 peptide was identified as a CD8+ T cell epitope in HLA-B*57:01+/HIV+ individuals (75% of HICs)
and is immunodominant during chronic infection [17]. The T cell response towards KF11 epitope is stronger
compared with other HIV epitopes in HLA-B57+ patients and is associated with lower viral load [42,43].
Despite HLA-B57 allomorphs being able to present the KF11 epitope, some differences were observed in the
breadth and composition of the viral mutants, with rarer mutations found in HLA-B*57:01+ patients [44]. The
increased diversity of KF11 variants identified in HLA-B*57:03+ patients was associated with higher viral load
[45]. In HIC individuals T cells could cross-recognise KF11 variants [28], with some exceptions such as the
A163G/S165N mutant, which is poorly recognised by T cells [46]. Interestingly, the A163G/S165N mutation is
reversed in the absence of HLA-B*57:03 [46]. This shows that a strong T cell pressure can limit viral escape or
trigger loss of viral fitness, and likely contribute to viral control in HLA-B57+ patients.
The T cell response differences observed between the HLA-B57 allomorphs were not due to conformational

differences in the presentation of the KF11 epitope. The crystal structures of both HLA-B*57:01-KF11 [47] and
HLA-B*57:03-KF11 [48] are similar (Figure 1A,D). Due to its length of 11 residues [21,22], the central part
(P6–P7) of KF11 peptide protrudes outside the HLA binding cleft, likely being a potential target for TCR
binding [22,49]. The TCR repertoire of KF11-specific T cells revealed a biased gene usage towards TRBV19
and TRBV7 [36,50]. While there was no significant difference in the TCR repertoire between HICs and pro-
gressors [36], HLA-B57 allomorph-specific differences were observed once again. A study showed that the
KF11-specific TCR repertoire in HLA-B*57:03+/HIV+ patients was more diverse and less cross-reactive than in
HLA-B*57:01+ patients [50]. This could be linked with the observation that a public TCR (shared between

Table 3. Crystal structures available for the three conserved Gag-derived HLA-B57-restricted
epitopes

Epitope name Epitope sequence HLA TCR or KIR PDB code

KF11

KF11 162KAFSPEVIPMF172 HLA-B*57:01 2YPK
[46]

KF11 162KAFSPEVIPMF172 HLA-B*57:03 2BVO
[47]

KF11 162KAFSPEVIPMF172 HLA-B*57:03 AGA1 TCR 2YPL
[46]

IW9

IW9 138ISPRTLNAW146 HLA-B*57:03 2BVP
[47]

TW10

TW10 240TSTLQEQIGW249 HLA-B*57:01 5V5M
[61]

TW10 240TSTLQEQIGW249 HLA-B*58:01 5V5L
[61]

TW10 240TSTLQEQIGW249 HLA-B*57:01 KIR3DL1 5T6Z
[62]

T242N (TW10) 240TSNLQEQIGW249 HLA-B*57:01 KIR3DL1 5T7O
[62]

HIV-epitope mutation is highlighted in bold.
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individuals) called AGA1 TCR (TRAV5/TRBV19) had a 5-fold higher affinity for HLA-B*57:01-KF11 com-
pared with HLA-B*57:03-KF11 [47]. The AGA1 TCR was representative of the conserved CDR3α and β motifs
identified in HLA-B*57:01+ HIC individuals, while absent from HLA-B*57:03+ donors [28,50,51].
The crystal structure of the AGA1 TCR in complex with HLA-B*57:03-KF11 shows a large contribution of

the biased Vβ-chain [47], and the KF11 protruding central part is wrapped up by the CDR3 loops (Figure 1E).
The TCR binding resulted into a push of the KF11 protruding part towards the HLA α1-helix and a cleft con-
formational change, which was associated with a long association rate [47]. While the AGA1 TCR structure
was not solved in complex with the HLA-B*57:01-KF11, given the similarities of the HLA-B57-KF11 structures
it is likely that the TCR binds in the same fashion to both allomorphs. However, the AGA1 TCR affinity differ-
ences towards the HLA-B57 allomorphs that were determined, were due to the thermodynamic interaction and
the impact of polymorphic residues on the water-mediated interaction network [47]. It has been shown that
water molecules in conjunction with polymorphic residues can contribute to the plasticity, orientation and
flexibility of the bound peptide [52]. Therefore, minor variations of buried water molecule networks in associ-
ation with polymorphic residues while allowing for the same peptide conformation observed in both allo-
morphs could lead to different peptide flexibility. This could in turn change the way T cells engage with the
same peptide presented by a different allomorph and alter the resulting T cell repertoire, as shown for the
KF11-specific TCR repertoire in HLA-B*57:01+ and HLA-B*57:03+ individuals [28,50,51].
Altogether, the T cell response to the KF11 epitope shows that even subtle differences within the protective

HLA-B57 allomorphs can deeply influence the disease outcome.

Features of T cell specific for the rather ‘flat’ IW9 epitope
Similarly to the KF11 epitope, the IW9 (138ISPRTLNAW146) can stimulate CD8+ T cells in HIV+ patients that
express HLA-B*57:01+, HLA-B*57:02+, HLA-B*57:03+, or HLA-B*58:01+ [36,42,53–55]. While IW9 can bind
to HLA-B*58:01 molecule, like KF11, the T cell activation is not as strong as in HLA-B57+ individuals, and
there are limited escape mutants detected [31]. IW9-specific T cells were detected in HICs and progressors,
regardless of ART treatment, in contrast with other HIV epitopes such as QW9 for which specific T cells are
only detected in HICs [36,54].
Two previous studies compared a few IW9-specific TCRs in HLA-B57+ HICs and progressors and could not

distinguish between the two groups [36,54]. A biased usage of TRBV27 and TRBV7–8/7–9 gene families was
observed (information available only for the β-chain). A recent study also described the lack of contrast in the
TCR repertoire between HICs and progressors and observed the same biased gene usage towards TRBV7–9 as
well as TRBV4–1 with some conserved CDR3β motifs [42].
The structure of IW9 peptide was solved in complex with HLA-B*57:03 (Figure 1B) [48]. The IW9 epitope’s

conformation is in stark contrast with the one observed for the longer KF11 epitope. IW9 has a rather flat
structure conformation, despite having residues with large side chains such as P4-Arg and P7-Asp. The P4-Arg
side chain is facing down forming a salt bridge with the Glu63 of the HLA (Figure 1F). The P7-Asp side chain
lays flat in between the peptide backbone and the HLA α1-helix (Figure 1F).
The molecular basis of recognition of the rather ‘flat’ IW9 peptide by a TCR is unknown. Future research

should explore the structural basis of the response to this epitope which it could in turn provide some explan-
ation for the biases observed in the T cell repertoire [42]. This would provide insights into the molecular
mechanisms that underpin the T cell biology which defines the immune response towards this epitope.

TW10 is presented with an unusual conformation in HLA-B57 binding cleft
The T cell response to the TW10 epitope (240TSTLQEQIGW249) is shown to play an important role in viral-
load control in early HIV infection that might influence the disease outcome [33,43,56]. TW10 has been
shown to be frequently targeted by T cells, rapidly mutate, escape and revert, in line with the observation that
TW10 is targeted early in acute HIV infection [44].
Despite the potentially significant role of the TW10 epitope in acute infection, T cell repertoire information

for this epitope is limited [42,57,58] and does not allow for comparison between HICs and progressors. The
strong TW10 T cell response in early infection, results in the rapid mutation to a common escape mutant at
position 242 (T242N) [44,59]. The T242N mutation decreases the viral replication capacity and the viral fitness
[60]. Another TW10 mutation, G248A, decreases the T cell response without decreasing the viral fitness [59]
but rather increases the viral infectivity [61].
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The structure of the HLA-B*57:01 presenting TW10 revealed an unusual conformation of the peptide
(Figure 1C, Table 3). Instead of using the P2 residue as primary anchor [21], the TW10 binds to the
HLA-B*57:01 cleft via the P3-Thr residue (instead of P2-Ser). This ‘shift’ in the peptide pushes the P1-Thr
residue outside the binding cleft pointing upwards, instead of binding to the A pocket of the HLA (Figure 1C)
[62]. A similar shift of the P3-Thr is also observed when the TW10 peptide is presented by HLA-B*58:01 mol-
ecule [62]. Surprisingly, the T242N mutant adopts a canonical conformation (Figure 2A,B), whereby the P2-Ser
is a primary anchor and binds into the B pocket [63]. As a result, there was large displacement of the same
residue between the two peptides, with a distance of 3.9 Å between the P7-Gln Cα atoms and of 2.8 Å for the
P8-Ile Cα atoms (Figure 2B). The structure of the T242N binding to HLA-B*57:01 is not free but in complex
with a natural killer TCR (KIR3DL1) that might impact on the structure of the peptide (Table 3).
It remains to determine how T cells recognise TW10, with the structure of T242N peptide providing a

potential basis for the lack of recognition by TW10-specific T cells due to the different conformation.

Natural killer cell receptor recognition of HIV epitopes presented by the
HLA-B57 molecule
Natural killer (NK) cells and their surface receptor killer immunoglobulin like receptor (KIR) [64], in the
context of HIV infection, have been shown to mediate an anti-viral effect. The KIR receptors are divided into
two groups: inhibitory or activating, depending on the cytoplasmic tail of the receptor, either long (L) or short

Figure 2. Structure of TW10 presented by HLA-B*5701 and recognised by KIR3DL1.

(A) Structure of HLA-B*57:01 (pale grey cartoon) presenting the T242N mutant peptide of TW10 (pale orange stick and

cartoon). The T242N at position 3 of the TW10 peptide is labelled in red on the panel. (B) Superposition of the HLA-B*57:01

(pale grey cartoon) structures in complex with the TW10 (orange) and T242N (pale orange) peptides. (C) Structure of the

complex between the KIR3DL1 (pink cartoon) docking onto the HLA-B*57:01 (pale grey cartoon) presenting the TW10 peptide

(red cartoon). (D) Superposition of the HLA-B*57:01 (pale grey cartoon) presenting the TW10 peptide free (orange cartoon) or

the TW10 peptide bound to the KIR3DL1 (red cartoon). (E) Structure of the complex between the KIR3DL1 (pale yellow

cartoon) docking onto the HLA-B*57:01 (pale grey cartoon) presenting the T242N peptide (pale orange cartoon).

(F) Superposition of the KIR3DL1-HLA-B*57:01-TW10 structure with the KIR3DL1-HLA-B*57:01-T242N structure using the

same colour scheme as per panel (C) and (E).
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(S) [65]. Many studies report specific KIR genes, in particular the presence of KIR3DL1 or KIR3DS1, to be
associated with protection from HIV infection in patients expressing certain HLA-B molecules [18,66].
Functional evidence for NK cell-mediated inhibition of HIV-1 replication was demonstrated [67] and was also
associated with distinct KIR and HLA allomorphs. NK cells expressing KIR3DS1 showed strong and cell
contact-dependent inhibition of HIV-1 replication within cultured HIV-infected CD4+ T cells. The presence of
KIR3DS1 was associated with increased NK cell activation and degranulation. In addition, HIV peptides were
shown to enable the specific interaction of KIR3DS1 with HLA-B*57:01 [68]. Recently, a variant of the
KIR3DL1 molecule was shown to be associated with HIV control and delayed disease progression in
HLA-B57+ patients [18]. KIR3DL1 polymorphism (I47V) was the only significant modifier of the
HLA-B57-mediated HIV protection identified by whole genome sequencing. This effect was specific to the
HLA-B*57:01 and not observed for the HLA-B*57:03 allomorph. This suggested a direct interaction between
KIR3DL1 and HLA-B57.
Recently, the crystal structures of KIR3DL1 in complex with both TW10 and T242N presented by

HLA-B*57:01 were solved (Table 3) [63]. The interaction of the KIR3DL1 is mainly focussed on
HLA-B*57:01-TW10 and located above the C-terminus of the HLA cleft and TW10 peptide (Figure 2C).
Comparison of the HLA-B*57:01-TW10 structure with and without the KIR3DL1 revealed that the KIR
binding pushes the P8-Ile of the peptide deeper within the HLA cleft (Figure 2D) [62,63]. This structural
change occurs without close contact of the KIR3DL1 with the peptide (contact distance >4 Å). The KIR3DL1
structure in complex with the T242N mutant revealed, surprisingly, a similar docking mode to that with TW10
(Figure 2E,F). The KIR3DL1 binds to both peptides presented by HLA-B*57:01 with moderate to low affinity
[63]. However, cells expressing KIR3DL1 only weakly bind to the HLA-B57-T242N tetramer showing that
subtle differences can impact the immune cell recognition [63]. This lack or low interaction with
HLA-B57-T242N tetramer was specific to the expressed KIR allotype, showing the importance of KIR poly-
morphisms in the control of HIV.
The ability of both KIR and T cells to recognise HIV epitopes bound by HLA-B57 could potentially reduce

viral escape in HLA-B57+ patients.

Conclusions
Despite the research interest in protective HLAs, such as HLA-B57, including their role in HIV control and the
potential to advance new therapeutics, there are still many questions remaining. Surprisingly, even for con-
served potent Gag-derived epitopes such as TW10, KF11, and IW9, there are gaps in knowledge regarding T
cell function, cross-reactivity patterns, TCR repertoire diversity, affinity, and magnitude of the response. These
parameters are critical to enable a clear comparison between HIC and progressor individuals and to understand
if the differences occur early during infection as previously suggested [33,44]. Differences, between HICs and
progressors, in T and NK cells’ cross-reactivity early during infection might lead in a decreased viral fitness in
HIC individuals that would help the immune system to efficiently control HIV [58]. In other words, T cells
and NK cells that recognise HLA-B57 presenting HIV epitopes in early infection might ‘buy time’ for the
immune system in HIC individuals.
There are some differences between HICs and progressors, but not significant yet to draw any conclusions. A

recent study showed that across HIV epitopes presented by HLA-B57, progressors were selecting TCRs expres-
sing the TRBV7-9 gene family more than HIC individuals [42]. Given the differences in viral load and disease
outcome between HLA-B*57:01+ and HLA-B*57:03+ individuals, despite presenting peptides in similar fashion,
there are differences that T cells can ‘detect’ and provide an advantage to HICs. While the mechanisms are not
fully clear, HLA-B57 molecules provide an advantage in HIV infection as well as in HCV infection [69] and
therefore more research on HLA-B57 will be of interest. Some studies also suggest that there are some
TCR-independent factors that modulate CD8+ T cell function such as epigenetic modifications that allow for
effective function in chronic HIV infection [70]. Several studies involving HLA-B*57:01+ HIC individuals have
shown that the host immune factors might drive the restriction of viral replication, while the mechanism
remains unclear [11,34].
The research reviewed here clearly highlights the subtle differences in the epitope presentation of the

HLA-B57 allomorphs which impact their recognition by T cell and NK cell receptors. In addition to the highly
polymorphic nature of HLA molecules, KIR receptors on the surface of NK cells are also polymorphic, similar
to TCRs, which adds some layer of complexity in the search for a common feature that could define the basis
of the HLA-B57 protective nature. These factors combined seem to have, to date, prevented the development of
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interventions based on the protection offered by HLA-B57 carriage in some individuals. However, further dis-
section of the immune response in HIV-1 controllers may yield insights to allow for the successful modulation
of the immune response to afford this protection to broader populations.

Perspectives
• Better understanding of the immune response to protective HLAs, such as HLA-B57, and

their role in HIV control has the potential to advance new therapeutics.

• The data currently available on protective HLA alleles does not allow to conclude on the
mechanism for viral-load control observed in HIC individuals.

• More work on exploring the basis of HIV control is worth pursuing as this could reveal some
critical information to better fight HIV.

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

Funding
This work was funded by the Australian National Health and Medical Research Council (NHMRC). C.A.L. is
supported by a Monash Biomedicine Discovery Institute PhD Scholarship from Monash University, D.S.M.C. is
supported with an AINSE Early Career Research Grant, and S.G. is supported by an NHMRC Senior Research
Fellowship (no. 1159272).

Acknowledgements
The authors would like to thank all our colleagues who work in the field of HIV and understanding peptide-HLA
presentation, T cell and NK cell recognition.

Abbreviations
AIDS, acquired immunodeficiency syndrome; ART, antiretroviral therapy; HIV, human immunodeficiency virus;
HLA, human leukocyte antigen; KIR, killer immunoglobulin like receptor; NK, natural killer; TCR, T cell receptor.

References
1 Douek, D.C., Brenchley, J.M., Betts, M.R., Ambrozak, D.R., Hill, B.J., Okamoto, Y. et al. (2002) HIV preferentially infects HIV-specific CD4+ T cells.

Nature 417, 95–98 https://doi.org/10.1038/417095a
2 Palmisano, L. and Vella, S. (2011) A brief history of antiretroviral therapy of HIV infection: success and challenges. Ann. Ist. Super. Sanita 47, 44–48

https://doi.org/10.4415/ANN_11_01_10
3 Furuya-Kanamori, L., Kelly, M.D. and McKenzie, S.J. (2013) Co-morbidity, ageing and predicted mortality in antiretroviral treated Australian men: a

quantitative analysis. PLoS One 8, e78403 https://doi.org/10.1371/journal.pone.0078403
4 Nowak, M. (1990) HIV mutation rate. Nature 347, 522 https://doi.org/10.1038/347522a0
5 Cuevas, J.M., Geller, R., Garijo, R., Lopez-Aldeguer, J. and Sanjuan, R. (2015) Extremely high mutation rate of HIV-1 in vivo. PLoS Biol. 13, e1002251

https://doi.org/10.1371/journal.pbio.1002251
6 Levy, J.A. (1993) HIV pathogenesis and long-term survival. AIDS 7, 1401–1410 https://doi.org/10.1097/00002030-199311000-00001
7 Ortblad, K.F., Lozano, R. and Murray, C.J. (2013) The burden of HIV: insights from the global burden of disease study 2010. AIDS 27, 2003–2017

https://doi.org/10.1097/QAD.0b013e328362ba67
8 Lambotte, O., Boufassa, F., Madec, Y., Nguyen, A., Goujard, C., Meyer, L. et al. (2005) HIV controllers: a homogeneous group of HIV-1-infected patients

with spontaneous control of viral replication. Clin. Infect. Dis. 41, 1053–1056 https://doi.org/10.1086/433188
9 Kammers, K., Chen, A., Monaco, D.R., Hudelson, S.E., Grant-McAuley, W., Moore, R.D. et al. (2021) HIV antibody profiles in HIV controllers and persons

with treatment-induced viral suppression. Front. Immunol. 12, 740395 https://doi.org/10.3389/fimmu.2021.740395
10 Goulder, P.J. and Walker, B.D. (2012) HIV and HLA class I: an evolving relationship. Immunity 37, 426–440 https://doi.org/10.1016/j.immuni.2012.09.

005
11 Migueles, S.A., Sabbaghian, M.S., Shupert, W.L., Bettinotti, M.P., Marincola, F.M., Martino, L. et al. (2000) HLA b*5701 is highly associated with

restriction of virus replication in a subgroup of HIV-infected long term nonprogressors. Proc. Natl Acad. Sci. U.S.A. 97, 2709–2714 https://doi.org/10.
1073/pnas.050567397

© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution License 4.0 (CC BY).1336

Biochemical Society Transactions (2022) 50 1329–1339
https://doi.org/10.1042/BST20220244

D
ow

nloaded from
 http://port.silverchair.com

/biochem
soctrans/article-pdf/50/5/1329/939010/bst-2022-0244c.pdf by guest on 09 April 2024

https://doi.org/10.1038/417095a
https://doi.org/10.4415/ANN_11_01_10
https://doi.org/10.1371/journal.pone.0078403
https://doi.org/10.1038/347522a0
https://doi.org/10.1371/journal.pbio.1002251
https://doi.org/10.1097/00002030-199311000-00001
https://doi.org/10.1097/00002030-199311000-00001
https://doi.org/10.1097/00002030-199311000-00001
https://doi.org/10.1097/QAD.0b013e328362ba67
https://doi.org/10.1086/433188
https://doi.org/10.3389/fimmu.2021.740395
https://doi.org/10.1016/j.immuni.2012.09.005
https://doi.org/10.1016/j.immuni.2012.09.005
https://doi.org/10.1073/pnas.050567397
https://doi.org/10.1073/pnas.050567397
https://creativecommons.org/licenses/by/4.0/


12 Fellay, J., Shianna, K.V., Ge, D., Colombo, S., Ledergerber, B., Weale, M. et al. (2007) A whole-genome association study of major determinants for
host control of HIV-1. Science 317, 944–947 https://doi.org/10.1126/science.1143767

13 Kiepiela, P., Leslie, A.J., Honeyborne, I., Ramduth, D., Thobakgale, C., Chetty, S. et al. (2004) Dominant influence of HLA-B in mediating the potential
co-evolution of HIV and HLA. Nature 432, 769–775 https://doi.org/10.1038/nature03113

14 Naruto, T., Gatanaga, H., Nelson, G., Sakai, K., Carrington, M., Oka, S. et al. (2012) HLA class I-mediated control of HIV-1 in the Japanese population,
in which the protective HLA-B*57 and HLA-B*27 alleles are absent. J. Virol. 86, 10870–10872 https://doi.org/10.1128/JVI.00689-12

15 Solberg, O.D., Mack, S.J., Lancaster, A.K., Single, R.M., Tsai, Y., Sanchez-Mazas, A. et al. (2008) Balancing selection and heterogeneity across the
classical human leukocyte antigen loci: a meta-analytic review of 497 population studies. Hum. Immunol. 69, 443–464 https://doi.org/10.1016/j.
humimm.2008.05.001

16 de Quiros, J.C., Shupert, W.L., McNeil, A.C., Gea-Banacloche, J.C., Flanigan, M., Savage, A. et al. (2000) Resistance to replication of human
immunodeficiency virus challenge in SCID-Hu mice engrafted with peripheral blood mononuclear cells of nonprogressors is mediated by CD8(+) T cells
and associated with a proliferative response to p24 antigen. J. Virol. 74, 2023–2028 https://doi.org/10.1128/JVI.74.4.2023-2028.2000

17 Goulder, P.J., Bunce, M., Krausa, P., McIntyre, K., Crowley, S., Morgan, B. et al. (1996) Novel, cross-restricted, conserved, and immunodominant
cytotoxic T lymphocyte epitopes in slow progressors in HIV type 1 infection. AIDS Res. Hum. Retroviruses 12, 1691–1698 https://doi.org/10.1089/aid.
1996.12.1691

18 Martin, M.P., Naranbhai, V., Shea, P.R., Qi, Y., Ramsuran, V., Vince, N. et al. (2018) Killer cell immunoglobulin-like receptor 3DL1 variation modifies
HLA-B*57 protection against HIV-1. J. Clin. Invest. 128, 1903–1912 https://doi.org/10.1172/JCI98463

19 The MHC sequencing consortium. (1999) Complete sequence and gene map of a human major histocompatibility complex. Nature 401, 921–923
https://doi.org/10.1038/44853

20 Robinson, J., Halliwell, J.A., Hayhurst, J.D., Flicek, P., Parham, P. and Marsh, S.G. (2015) The IPD and IMGT/HLA database: allele variant databases.
Nucleic Acids Res. 43, D423–D431 https://doi.org/10.1093/nar/gku1161

21 Nguyen, A.T., Szeto, C. and Gras, S. (2021) The pockets guide to HLA class I molecules. Biochem. Soc. Trans. 49, 2319–2331 https://doi.org/10.
1042/BST20210410

22 Josephs, T.M., Grant, E.J. and Gras, S. (2017) Molecular challenges imposed by MHC-I restricted long epitopes on T cell immunity. Biol. Chem. 398,
1027–1036 https://doi.org/10.1515/hsz-2016-0305

23 Gonzalez-Galarza, F.F., McCabe, A., Santos, E., Jones, J., Takeshita, L., Ortega-Rivera, N.D. et al. (2020) Allele frequency net database (AFND) 2020
update: gold-standard data classification, open access genotype data and new query tools. Nucleic Acids Res. 48, D783–D7D8 https://doi.org/10.1093/
nar/gkz1029

24 Illing, P.T., Pymm, P., Croft, N.P., Hilton, H.G., Jojic, V., Han, A.S. et al. (2018) HLA-B57 micropolymorphism defines the sequence and conformational
breadth of the immunopeptidome. Nat. Commun. 9, 4693 https://doi.org/10.1038/s41467-018-07109-w

25 Klein, M.R., Keet, I.P., D’Amaro, J., Bende, R.J., Hekman, A., Mesman, B. et al. (1994) Associations between HLA frequencies and pathogenic features
of human immunodeficiency virus type 1 infection in seroconverters from the Amsterdam cohort of homosexual men. J. Infect. Dis. 169, 1244–1249
https://doi.org/10.1093/infdis/169.6.1244

26 Costello, C., Tang, J., Rivers, C., Karita, E., Meizen-Derr, J., Allen, S. et al. (1999) HLA-B*5703 independently associated with slower HIV-1 disease
progression in Rwandan women. AIDS 13, 1990–1991 https://doi.org/10.1097/00002030-199910010-00031

27 Monaco, D.C., Dilernia, D.A., Fiore-Gartland, A., Yu, T., Prince, J.L., Dennis, K.K. et al. (2016) Balance between transmitted HLA preadapted and
nonassociated polymorphisms is a major determinant of HIV-1 disease progression. J. Exp. Med. 213, 2049–2063 https://doi.org/10.1084/jem.
20151984

28 Gillespie, G.M., Stewart-Jones, G., Rengasamy, J., Beattie, T., Bwayo, J.J., Plummer, F.A. et al. (2006) Strong TCR conservation and altered T cell
cross-reactivity characterize a B*57-restricted immune response in HIV-1 infection. J. Immunol. 177, 3893–3902 https://doi.org/10.4049/jimmunol.
177.6.3893

29 Madrigal, J.A., Belich, M.P., Hildebrand, W.H., Benjamin, R.J., Little, A.M., Zemmour, J. et al. (1992) Distinctive HLA-A,B antigens of black populations
formed by interallelic conversion. J. Immunol. 149, 3411–3415

30 Barber, L.D., Percival, L., Arnett, K.L., Gumperz, J.E., Chen, L. and Parham, P. (1997) Polymorphism in the alpha 1 helix of the HLA-B heavy chain can
have an overriding influence on peptide-binding specificity. J. Immunol. 158, 1660–1669

31 Kloverpris, H.N., Stryhn, A., Harndahl, M., van der Stok, M., Payne, R.P., Matthews, P.C. et al. (2012) HLA-B*57 micropolymorphism
shapes HLA allele-specific epitope immunogenicity, selection pressure, and HIV immune control. J. Virol. 86, 919–929 https://doi.org/10.1128/JVI.
06150-11

32 Vita, R., Mahajan, S., Overton, J.A., Dhanda, S.K., Martini, S., Cantrell, J.R. et al. (2019) The immune epitope database (IEDB): 2018 update. Nucleic
Acids Res. 47, D339–DD43 https://doi.org/10.1093/nar/gky1006

33 Brennan, C.A., Ibarrondo, F.J., Sugar, C.A., Hausner, M.A., Shih, R., Ng, H.L. et al. (2012) Early HLA-B*57-restricted CD8+ T lymphocyte responses
predict HIV-1 disease progression. J. Virol. 86, 10505–10516 https://doi.org/10.1128/JVI.00102-12

34 Migueles, S.A., Laborico, A.C., Imamichi, H., Shupert, W.L., Royce, C., McLaughlin, M. et al. (2003) The differential ability of HLA B*5701 + long-term
nonprogressors and progressors to restrict human immunodeficiency virus replication is not caused by loss of recognition of autologous viral gag
sequences. J. Virol. 77, 6889–6898 https://doi.org/10.1128/JVI.77.12.6889-6898.2003

35 Betts, M.R., Nason, M.C., West, S.M., De Rosa, S.C., Migueles, S.A., Abraham, J. et al. (2006) HIV nonprogressors preferentially maintain highly
functional HIV-specific CD8+ T cells. Blood 107, 4781–4789 https://doi.org/10.1182/blood-2005-12-4818

36 Mendoza, D., Royce, C., Ruff, L.E., Ambrozak, D.R., Quigley, M.F., Dang, T. et al. (2012) HLA b*5701-positive long-term nonprogressors/elite controllers
are not distinguished from progressors by the clonal composition of HIV-specific CD8+ T cells. J. Virol. 86, 4014–4018 https://doi.org/10.1128/JVI.
06982-11

37 Miura, T., Brockman, M.A., Schneidewind, A., Lobritz, M., Pereyra, F., Rathod, A. et al. (2009) HLA-B57/B*5801 human immunodeficiency virus type 1
elite controllers select for rare gag variants associated with reduced viral replication capacity and strong cytotoxic T-lymphocyte [corrected] recognition.
J. Virol. 83, 2743–2755 https://doi.org/10.1128/JVI.02265-08

© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution License 4.0 (CC BY). 1337

Biochemical Society Transactions (2022) 50 1329–1339
https://doi.org/10.1042/BST20220244

D
ow

nloaded from
 http://port.silverchair.com

/biochem
soctrans/article-pdf/50/5/1329/939010/bst-2022-0244c.pdf by guest on 09 April 2024

https://doi.org/10.1126/science.1143767
https://doi.org/10.1038/nature03113
https://doi.org/10.1128/JVI.00689-12
https://doi.org/10.1128/JVI.00689-12
https://doi.org/10.1016/j.humimm.2008.05.001
https://doi.org/10.1016/j.humimm.2008.05.001
https://doi.org/10.1128/JVI.74.4.2023-2028.2000
https://doi.org/10.1128/JVI.74.4.2023-2028.2000
https://doi.org/10.1089/aid.1996.12.1691
https://doi.org/10.1089/aid.1996.12.1691
https://doi.org/10.1172/JCI98463
https://doi.org/10.1038/44853
https://doi.org/10.1093/nar/gku1161
https://doi.org/10.1042/BST20210410
https://doi.org/10.1042/BST20210410
https://doi.org/10.1515/hsz-2016-0305
https://doi.org/10.1515/hsz-2016-0305
https://doi.org/10.1515/hsz-2016-0305
https://doi.org/10.1093/nar/gkz1029
https://doi.org/10.1093/nar/gkz1029
https://doi.org/10.1038/s41467-018-07109-w
https://doi.org/10.1038/s41467-018-07109-w
https://doi.org/10.1038/s41467-018-07109-w
https://doi.org/10.1038/s41467-018-07109-w
https://doi.org/10.1093/infdis/169.6.1244
https://doi.org/10.1097/00002030-199910010-00031
https://doi.org/10.1097/00002030-199910010-00031
https://doi.org/10.1097/00002030-199910010-00031
https://doi.org/10.1084/jem.20151984
https://doi.org/10.1084/jem.20151984
https://doi.org/10.4049/jimmunol.177.6.3893
https://doi.org/10.4049/jimmunol.177.6.3893
https://doi.org/10.1128/JVI.06150-11
https://doi.org/10.1128/JVI.06150-11
https://doi.org/10.1128/JVI.06150-11
https://doi.org/10.1093/nar/gky1006
https://doi.org/10.1128/JVI.00102-12
https://doi.org/10.1128/JVI.00102-12
https://doi.org/10.1128/JVI.77.12.6889-6898.2003
https://doi.org/10.1128/JVI.77.12.6889-6898.2003
https://doi.org/10.1182/blood-2005-12-4818
https://doi.org/10.1182/blood-2005-12-4818
https://doi.org/10.1182/blood-2005-12-4818
https://doi.org/10.1182/blood-2005-12-4818
https://doi.org/10.1128/JVI.06982-11
https://doi.org/10.1128/JVI.06982-11
https://doi.org/10.1128/JVI.06982-11
https://doi.org/10.1128/JVI.02265-08
https://doi.org/10.1128/JVI.02265-08
https://creativecommons.org/licenses/by/4.0/


38 Rosenberg, S.A. and Restifo, N.P. (2015) Adoptive cell transfer as personalized immunotherapy for human cancer. Science 348, 62–68 https://doi.org/
10.1126/science.aaa4967

39 Chikata, T., Murakoshi, H., Koyanagi, M., Honda, K., Gatanaga, H., Oka, S. et al. (2017) Control of HIV-1 by an HLA-B*52:01-C*12:02 protective
haplotype. J. Infect. Dis. 216, 1415–1424 https://doi.org/10.1093/infdis/jix483

40 Ranasinghe, S., Lamothe, P.A., Soghoian, D.Z., Kazer, S.W., Cole, M.B., Shalek, A.K. et al. (2016) Antiviral CD8(+) T cells restricted by human
leukocyte antigen class II exist during natural HIV infection and exhibit clonal expansion. Immunity 45, 917–930 https://doi.org/10.1016/j.immuni.2016.
09.015

41 Galperin, M., Farenc, C., Mukhopadhyay, M., Jayasinghe, D., Decroos, A., Benati, D. et al. (2018) CD4(+) t cell-mediated HLA class II cross-restriction
in HIV controllers. Sci. Immunol. 3 https://doi.org/10.1126/sciimmunol.aat0687

42 Koning, D., Quakkelaar, E.D., Schellens, I.M.M., Spierings, E. and van Baarle, D. (2022) Protective HLA alleles recruit biased and largely similar
antigen-specific T cell repertoires across different outcomes in HIV infection. J. Immunol. 208, 3–15 https://doi.org/10.4049/jimmunol.2001145

43 Kiepiela, P., Ngumbela, K., Thobakgale, C., Ramduth, D., Honeyborne, I., Moodley, E. et al. (2007) CD8+ T-cell responses to different HIV proteins have
discordant associations with viral load. Nat. Med. 13, 46–53 https://doi.org/10.1038/nm1520

44 Brumme, Z.L., Brumme, C.J., Carlson, J., Streeck, H., John, M., Eichbaum, Q. et al. (2008) Marked epitope- and allele-specific differences in rates of
mutation in human immunodeficiency type 1 (HIV-1) Gag, Pol, and Nef cytotoxic T-lymphocyte epitopes in acute/early HIV-1 infection. J. Virol. 82,
9216–9227 https://doi.org/10.1128/JVI.01041-08

45 Crawford, H., Lumm, W., Leslie, A., Schaefer, M., Boeras, D., Prado, J.G. et al. (2009) Evolution of HLA-B*5703 HIV-1 escape mutations in
HLA-B*5703-positive individuals and their transmission recipients. J. Exp. Med. 206, 909–921 https://doi.org/10.1084/jem.20081984

46 Bailey, J.R., Williams, T.M., Siliciano, R.F. and Blankson, J.N. (2006) Maintenance of viral suppression in HIV-1-infected HLA-B*57 + elite suppressors
despite CTL escape mutations. J. Exp. Med. 203, 1357–1369 https://doi.org/10.1084/jem.20052319

47 Stewart-Jones, G.B., Simpson, P., van der Merwe, P.A., Easterbrook, P., McMichael, A.J., Rowland-Jones, S.L. et al. (2012) Structural features
underlying T-cell receptor sensitivity to concealed MHC class I micropolymorphisms. Proc. Natl Acad. Sci. U.S.A. 109, E3483–E3492 https://doi.org/10.
1073/pnas.1207896109

48 Stewart-Jones, G.B., Gillespie, G., Overton, I.M., Kaul, R., Roche, P., McMichael, A.J. et al. (2005) Structures of three HIV-1 HLA-B*5703-peptide
complexes and identification of related HLAs potentially associated with long-term nonprogression. J. Immunol. 175, 2459–2468 https://doi.org/10.
4049/jimmunol.175.4.2459

49 Szeto, C., Lobos, C.A., Nguyen, A.T. and Gras, S. (2020) TCR recognition of peptide-MHC-I: rule makers and breakers. Int. J. Mol. Sci. 22 https://doi.
org/10.3390/ijms22010068

50 Yu, X.G., Lichterfeld, M., Chetty, S., Williams, K.L., Mui, S.K., Miura, T. et al. (2007) Mutually exclusive T-cell receptor induction and differential
susceptibility to human immunodeficiency virus type 1 mutational escape associated with a two-amino-acid difference between HLA class I subtypes.
J. Virol. 81, 1619–1631 https://doi.org/10.1128/JVI.01580-06

51 Turnbull, E.L., Lopes, A.R., Jones, N.A., Cornforth, D., Newton, P., Aldam, D. et al. (2006) HIV-1 epitope-specific CD8+ T cell responses strongly
associated with delayed disease progression cross-recognize epitope variants efficiently. J. Immunol. 176, 6130–6146 https://doi.org/10.4049/
jimmunol.176.10.6130

52 Hulsmeyer, M., Hillig, R.C., Volz, A., Ruhl, M., Schroder, W., Saenger, W. et al. (2002) HLA-B27 subtypes differentially associated with disease exhibit
subtle structural alterations. J. Biol. Chem. 277, 47844–47853 https://doi.org/10.1074/jbc.M206392200

53 Klein, M.R., van der Burg, S.H., Hovenkamp, E., Holwerda, A.M., Drijfhout, J.W., Melief, C.J. et al. (1998) Characterization of HLA-B57-restricted human
immunodeficiency virus type 1 Gag- and RT-specific cytotoxic T lymphocyte responses. J. Gen. Virol. 79(Pt 9), 2191–2201 https://doi.org/10.1099/
0022-1317-79-9-2191

54 Conrad, J.A., Ramalingam, R.K., Smith, R.M., Barnett, L., Lorey, S.L., Wei, J. et al. (2011) Dominant clonotypes within HIV-specific T cell responses are
programmed death-1high and CD127low and display reduced variant cross-reactivity. J. Immunol. 186, 6871–6885 https://doi.org/10.4049/jimmunol.
1004234

55 Mkhwanazi, N., Thobakgale, C.F., van der Stok, M., Reddy, S., Mncube, Z., Chonco, F. et al. (2010) Immunodominant HIV-1-specific HLA-B- and
HLA-C-restricted CD8+ T cells do not differ in polyfunctionality. Virology 405, 483–491 https://doi.org/10.1016/j.virol.2010.06.002

56 Pereyra, F., Addo, M.M., Kaufmann, D.E., Liu, Y., Miura, T., Rathod, A. et al. (2008) Genetic and immunologic heterogeneity among persons who control
HIV infection in the absence of therapy. J. Infect. Dis. 197, 563–571 https://doi.org/10.1086/526786

57 Almeida, C.A., van Miert, P., O’Driscoll, K., Zoet, Y.M., Chopra, A., Witt, C. et al. (2019) Virus-specific T-cell clonotypes might contribute to drug
hypersensitivity reactions through heterologous immunity. J. Allergy Clin. Immunol. 144, 608–611.e4 https://doi.org/10.1016/j.jaci.2019.05.009

58 Chen, H., Ndhlovu, Z.M., Liu, D., Porter, L.C., Fang, J.W., Darko, S. et al. (2012) TCR clonotypes modulate the protective effect of HLA class I
molecules in HIV-1 infection. Nat. Immunol. 13, 691–700 https://doi.org/10.1038/ni.2342

59 Leslie, A.J., Pfafferott, K.J., Chetty, P., Draenert, R., Addo, M.M., Feeney, M. et al. (2004) HIV evolution: CTL escape mutation and reversion after
transmission. Nat. Med. 10, 282–289 https://doi.org/10.1038/nm992

60 Schommers, P., Martrus, G., Matschl, U., Sirignano, M., Lutgehetmann, M., Richert, L. et al. (2016) Changes in HIV-1 capsid stability induced by
common cytotoxic-T-lymphocyte-driven viral sequence mutations. J. Virol. 90, 7579–7586 https://doi.org/10.1128/JVI.00867-16

61 von Schwedler, U.K., Stray, K.M., Garrus, J.E. and Sundquist, W.I. (2003) Functional surfaces of the human immunodeficiency virus type 1 capsid
protein. J. Virol. 77, 5439–5450 https://doi.org/10.1128/JVI.77.9.5439-5450.2003

62 Li, X., Lamothe, P.A., Walker, B.D. and Wang, J.H. (2017) Crystal structure of HLA-B*5801 with a TW10 HIV Gag epitope reveals a novel mode of
peptide presentation. Cell Mol. Immunol. 14, 631–634 https://doi.org/10.1038/cmi.2017.24

63 Pymm, P., Illing, P.T., Ramarathinam, S.H., O’Connor, G.M., Hughes, V.A., Hitchen, C. et al. (2017) MHC-I peptides get out of the groove and enable a
novel mechanism of HIV-1 escape. Nat. Struct. Mol. Biol. 24, 387–394 https://doi.org/10.1038/nsmb.3381

64 Lanier, L.L. (1997) Natural killer cells: from no receptors to too many. Immunity 6, 371–378 https://doi.org/10.1016/S1074-7613(00)80280-0
65 Hsu, K.C., Chida, S., Geraghty, D.E. and Dupont, B. (2002) The killer cell immunoglobulin-like receptor (KIR) genomic region: gene-order, haplotypes

and allelic polymorphism. Immunol. Rev. 190, 40–52 https://doi.org/10.1034/j.1600-065X.2002.19004.x

© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution License 4.0 (CC BY).1338

Biochemical Society Transactions (2022) 50 1329–1339
https://doi.org/10.1042/BST20220244

D
ow

nloaded from
 http://port.silverchair.com

/biochem
soctrans/article-pdf/50/5/1329/939010/bst-2022-0244c.pdf by guest on 09 April 2024

https://doi.org/10.1126/science.aaa4967
https://doi.org/10.1126/science.aaa4967
https://doi.org/10.1093/infdis/jix483
https://doi.org/10.1016/j.immuni.2016.09.015
https://doi.org/10.1016/j.immuni.2016.09.015
https://doi.org/10.1126/sciimmunol.aat0687
https://doi.org/10.4049/jimmunol.2001145
https://doi.org/10.1038/nm1520
https://doi.org/10.1128/JVI.01041-08
https://doi.org/10.1128/JVI.01041-08
https://doi.org/10.1084/jem.20081984
https://doi.org/10.1084/jem.20052319
https://doi.org/10.1073/pnas.1207896109
https://doi.org/10.1073/pnas.1207896109
https://doi.org/10.4049/jimmunol.175.4.2459
https://doi.org/10.4049/jimmunol.175.4.2459
https://doi.org/10.3390/ijms22010068
https://doi.org/10.3390/ijms22010068
https://doi.org/10.1128/JVI.01580-06
https://doi.org/10.1128/JVI.01580-06
https://doi.org/10.4049/jimmunol.176.10.6130
https://doi.org/10.4049/jimmunol.176.10.6130
https://doi.org/10.1074/jbc.M206392200
https://doi.org/10.1099/0022-1317-79-9-2191
https://doi.org/10.1099/0022-1317-79-9-2191
https://doi.org/10.1099/0022-1317-79-9-2191
https://doi.org/10.1099/0022-1317-79-9-2191
https://doi.org/10.1099/0022-1317-79-9-2191
https://doi.org/10.1099/0022-1317-79-9-2191
https://doi.org/10.4049/jimmunol.1004234
https://doi.org/10.4049/jimmunol.1004234
https://doi.org/10.1016/j.virol.2010.06.002
https://doi.org/10.1086/526786
https://doi.org/10.1016/j.jaci.2019.05.009
https://doi.org/10.1038/ni.2342
https://doi.org/10.1038/nm992
https://doi.org/10.1128/JVI.00867-16
https://doi.org/10.1128/JVI.00867-16
https://doi.org/10.1128/JVI.77.9.5439-5450.2003
https://doi.org/10.1128/JVI.77.9.5439-5450.2003
https://doi.org/10.1038/cmi.2017.24
https://doi.org/10.1038/nsmb.3381
https://doi.org/10.1016/S1074-7613(00)80280-0
https://doi.org/10.1016/S1074-7613(00)80280-0
https://doi.org/10.1016/S1074-7613(00)80280-0
https://doi.org/10.1034/j.1600-065X.2002.19004.x
https://doi.org/10.1034/j.1600-065X.2002.19004.x
https://creativecommons.org/licenses/by/4.0/


66 Boulet, S., Song, R., Kamya, P., Bruneau, J., Shoukry, N.H., Tsoukas, C.M. et al. (2010) HIV protective KIR3DL1 and HLA-B genotypes influence NK cell
function following stimulation with HLA-devoid cells. J. Immunol. 184, 2057–2064 https://doi.org/10.4049/jimmunol.0902621

67 Alter, G., Martin, M.P., Teigen, N., Carr, W.H., Suscovich, T.J., Schneidewind, A. et al. (2007) Differential natural killer cell-mediated inhibition of HIV-1
replication based on distinct KIR/HLA subtypes. J. Exp. Med. 204, 3027–3036 https://doi.org/10.1084/jem.20070695

68 O’Connor, G.M., Vivian, J.P., Gostick, E., Pymm, P., Lafont, B.A., Price, D.A. et al. (2015) Peptide-dependent recognition of HLA-B*57:01 by KIR3DS1.
J. Virol. 89, 5213–5221 https://doi.org/10.1128/JVI.03586-14

69 Dold, L., Ahlenstiel, G., Althausen, E., Luda, C., Schwarze-Zander, C., Boesecke, C. et al. (2015) Survival and HLA-B*57 in HIV/HCV co-infected
patients on highly active antiretroviral therapy (HAART). PLoS One 10, e0134158 https://doi.org/10.1371/journal.pone.0134158

70 Flerin, N.C., Chen, H., Glover, T.D., Lamothe, P.A., Zheng, J.H., Fang, J.W. et al. (2017) T-cell receptor (TCR) clonotype-specific differences in inhibitory
activity of HIV-1 cytotoxic T-cell clones is not mediated by TCR alone. J. Virol. 91 https://doi.org/10.1128/JVI.02412-16

© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution License 4.0 (CC BY). 1339

Biochemical Society Transactions (2022) 50 1329–1339
https://doi.org/10.1042/BST20220244

D
ow

nloaded from
 http://port.silverchair.com

/biochem
soctrans/article-pdf/50/5/1329/939010/bst-2022-0244c.pdf by guest on 09 April 2024

https://doi.org/10.4049/jimmunol.0902621
https://doi.org/10.1084/jem.20070695
https://doi.org/10.1128/JVI.03586-14
https://doi.org/10.1128/JVI.03586-14
https://doi.org/10.1371/journal.pone.0134158
https://doi.org/10.1128/JVI.02412-16
https://doi.org/10.1128/JVI.02412-16
https://creativecommons.org/licenses/by/4.0/

	Protective HLA-B57: T cell and natural killer cell recognition in HIV infection
	Abstract
	Introduction
	Characteristics of the most HIV protective HLA allele: HLA-B57
	HLA-B57-restricted HIV-specific CD8+ T cell response
	T cell recognition and HLA-B57 presentation of the ‘featured' KF11 epitope
	Features of T cell specific for the rather ‘flat' IW9 epitope
	TW10 is presented with an unusual conformation in HLA-B57 binding cleft
	Natural killer cell receptor recognition of HIV epitopes presented by the HLA-B57 molecule

	Conclusions
	Competing Interests
	Funding
	References


