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A B S T R A C T

The interaction of HIV-1, human leukocyte antigen (HLA), and elite controllers (EC) com-

pose a still intricate triad. Elite controllers maintain a very low viral load and a normal CD4

count, even without antiretrovirals. There is a lot of diversity in HIV subtypes and HLA

alleles. The most common subtype in each country varies depending on its localization

and epidemiological history. As we know EC appears to maintain an effective CD8 response

against HIV. In this phenomenon, some alleles of HLAs are associated with a slow progres-

sion of HIV infection, others with a rapid progression. This relationship also depends on

the virus subtype. Epitopes of Gag protein-restricted by HLA-B*57 generated a considerable

immune response in EC. However, some mutations allow HIV to escape the CD8 response,

while others do not. HLA protective alleles, like HLA-B*27, HLA-B*57 and HLA-B*58:01, that

are common in Caucasians infected with HIV-1 Clade B, do not show the same protection

in sub-Saharan Africans infected by HIV-1 Clade C. Endogenous pathway of antigen proc-

essing and presentation is used to present intracellular synthesized cellular peptides as

well as viral protein fragments via the MHC class I molecule to the cytotoxic T-lymphocytes

(CTLs). Some epitopes are immunodominant, which means that they drive the immune

reaction to some virus. Mutation on an anchor residue of epitope necessary for binding on

MHC class I is used by HIV to escape the immune system. Mutations inside or flanking an

epitope may lead to T cell lack of recognition and CTL escape. Studying how immunodomi-

nance at epitopes drives the EC in a geographically dependent way with genetics and

immunological elements orchestrating it may help future research on vaccines or immuno-

therapy for HIV.
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Introduction

HIV has led to a pandemic with significant mortality and morbid-
ity. Its detection in the 1980s changed the world. Understanding
the virus and its relationship to the immune system is funda-
mental for preventive or therapeutic vaccines. HIV is highly
mutable. This study will investigate HIV type 1 (HIV-1) and the
patients who control the virus without antiretrovirals; “elite con-
trollers” (EC)1 who maintain very low viral loads and normal CD4
counts, besides the interaction of HIV with human leukocyte
antigens (HLA) of these patients. HIV-2 was discovered later,
occurring mainly in West Africa2 and accounting for a much
lower percentage of infections worldwide.3

EC are very rare, approximately 1 in 300 HIV patients or
less than 0.5%.4 This study will focus on immunological
aspects presented by this type of patient, but it will not
explain all the occurrences.5

The geographical distribution of HIV-1 subtypes has been
studied based on data collected between 1990 and 2015.6

While subtype B predominates in North America andWestern
Europe, most infections in sub-Saharan Africa and India
involve subtype C. Subtype A is also common in Africa.

In Brazil, there are several subtypes of HIV-1 and their dis-
tribution varies. According to Riedel et al.,7 B is the most com-
mon subtype in Brazil, followed by C, F, and CRF31_BC
recombinants, especially in southern Brazil.

Even inside Brazil, there is diversity in HIV subtypes. Sub-
type B is the most prevalent in the Southeast and Northeast/
Midwest regions (90% and 85%, respectively).7 In the South
Region there is a larger prevalence of subtype C when com-
pared to subtype B: Santa Catarina state 48% and 23%, Rio
Grande do Sul state 29% and 23%, and Parana state 36% and
38%, respectively.

A study on sequencing and HLA typing in HIV-infected
patients who are undergoing antiretroviral treatment in
southern Brazil found a more heterogeneous scenario, where
the most frequent subtypes of HIV-1 were B (46%) and C (31%),
in addition to single BC recombinants (14%), single BF
recombinants (7%) and single BCF recombinants (2%).8

A recent review9 studied 2447 HIV-1 genotypes collected
between 2008 and 2017 from Brazilians who had never used
antiretrovirals. The nationwide prevalence of subtype B was
64.19% and 18.37% of subtype C.

HIV penetrates cells through an interaction between glyco-
protein gp120 and cell surface receptor CD4, along with co-
receptors CCR5 or CXCR4.10

Despite the importance of CD4+ cells in the viral invasion,
the first cells of the immune system to have contact with HIV
are usually dendritic cells, found in many human tissues,
such as the mucosa of genital and anal areas. Once HIV infec-
tion becomes established, cytotoxic response and neutraliz-
ing antibodies appear, but generally at insufficient levels to
eliminate the virus.10

A study on the production of cytokines in a cohort of HIV-
infected patients found an association between EC and the
genetic variant -208A TNF-a (7 of 8 patients).10 The relationship
between TNF-a and natural HIV control requires further studies.

The CCR5D32mutation is also correlated with resistance to
HIV infection. The deletion generates a truncated protein that
is not carried to the cell surface. Individuals homozygous for
this deletion are resistant to infection by HIV-1 with CCR5 tro-
pism, since the mutation prevents the entry of the virus.11

After HIV infection, the RNA is undetectable for a few days
(the eclipse stage), and then a peak in viremia occurs, with
extensive destruction of CD4+ cells, although EC achieve
spontaneous control of the virus.11
HLA and HIV control

CD8+ T lymphocytes recognize and destroy cells that express
non-self peptides in MHC molecules on the surface of nucle-
ated cells. These MHC molecules are also called HLA. In this
context, EC also appear to maintain an effective CD8 response
against HIV.11

HLAs are related to the degree of immune control of HIV,
especially among EC. The cellular immune response is linked
to the individual's immunogenetic profile, including HLA
class I expression.8

Some alleles of HLAs are associated with slow progression
of HIV infection, such as HLA-B*57, HLA-B*58:01, HLA B*57:03,
and HLA-B*27, while others are linked to rapid progression,
such as HLA-B*35 and HLA-B*58:0210,12

An international consortium studied several HIV EC, find-
ing that alleles such as HLA-B*27:05, and HLA-B*14, were also
associated with elite control, while supertypes HLA-B*07 and
HLA-B*35 were associated with an increased risk of disease
progression.13 Here is important to highlight that both studies
linking HLA-B*35 with rapid progression did not consider its
subdivision in Px (B*3502, B*3503, B*3504, and B*5301, e.g.) and
Py (HLA-B*3501 and B*3508, e.g.) alleles. Peptides presented by
these MHC molecules differ in their F-pocket anchor residue
(position 9), where Py alleles bind tyrosine residues, and Px
alleles have a more promiscuous pattern in this position.
Some studies associate Px alleles with fast progression, while
Py seems not to influence disease progression. It denotes the
importance of high-resolution HLA sequencing.14−16

Nevertheless, some subjects with Py HLA-B*3501 allele
more effectively controlled C-clade-infected African cohorts
through NY10253-262 Gag-specific epitope, which was not
observed in B-clade-infected individuals. It was probably
caused by Gag-D260E polymorphism present in »90% of B-
clade sequences, affecting T cell recognition.17

HLA-B*35:05, structurally related to Py alleles, also pre-
sented a protective effect (the strongest among the analyzed
alleles) in HIV-1 CRF01_AE-infected Thai patients, regarding
viral load.18 These studies demonstrate the need to consider
both genetics of both host and parasite for each considered
population.

In another study, among patients on HIV treatment, the
HLA-B*14:02:01 allele was related to CD4 counts below 350
cells/mm3, indicating an association with a worst clinical out-
come.8 The HLA-B*51:01:01 allele and the HLA-B*07-super-
type, associated with an HIV viral load below 100,000 copies/
ml of whole blood before treatment, are considered as poten-
tial protective alleles, especially in patients infected with HIV
Clade C, while the HLA-B*44 supertype is considered a poten-
tial allele for faster disease progression.8 Although the HLA-
B*07 supertype was considered related to a faster disease
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progression in another study,13 it is important to remember
that, in the first study, patients from Brazil were infected
mostly with HIV Clade C,8 while in the second there were
patients from different countries and mainly with HIV sub-
type B. Some conflicting results indicate a need for a deeper
investigation of HLA, recognized cytotoxic epitopes and
patients onset relations.

Another important point refers to the pathogen's genetic
features. The HLA-B*57:01 and HLA-B*27:05 alleles, for example,
show an association with better control of HIV through cellular
immune response depending on HIV subtype.8 The HLA type
and virus interaction are major determinants of durable immu-
nological control.19 The interaction between HLA and HIV sub-
types is a crucial element discussed in this article.

The population of Brazil is ethnically diverse, including
the descendants of indigenous peoples, Europeans, and
Africans. Thus, it is expected a highly diverse frequency
composition of HLA alleles. We will discuss HLA diversity
in Brazil related to HIV.

In a study of allele frequencies in Brazilian bone mar-
row donors, the most frequent allele groups were A*01,
A*02, B*35, B*44, C*07, DQB1*03, DQB1*06, and DRB1*01.20

HLA-B*35 frequency in Brazil is 11.8%,21 which is an impor-
tant issue that could favor rapid progression of HIV in Bra-
zilian patients. A more recent study updated this
information, segregating Px and Py B*35 frequencies. In
this study, HLA-B*35:01 and -B*35:08 allele frequencies (Py
alleles) summed up to 7%. Px alleles (HLA-B*35:02, -B*35:03
and -B*35:04) accounted for 4.2%.22 While we already dis-
cussed differential disease progression rates for Px and Py
alleles, studies from Mexico and Peru did not find differen-
ces in this variable among infected individuals. So, once
again, the importance of the considered population
remains, positioning a country like Brazil, with a high fre-
quency of HLA-B*35 alleles, as an eligible place for a
detailed HIV geotargeting investigation.23,24

On the other hand, the frequency of protective alleles as
HLA-B*57:03 in Brazil is low, with about 0,6% among Rio de
Janeiro Caucasians. A study in blood marrow donors in Brazil
found an HLA-B*57 national frequency of 2.8%, where the
South region presented a similar frequency of 2.8%, compared
to 2.4% in the North region.21

HLA-B*27 frequency in Brazil was 2.23%, with differences
between the South and Southeast regions: 2.66% and 2.16%,
respectively.21 HLA-B*58 frequency in this country was 2.65%,
while the frequency in the Southeast region was 2.73 and
1.87% in the South region.

A similar recent study22 in blood marrow donors from Bra-
zil, using high resolution typing data, updated this informa-
tion for six ethnic groups by classifying them according to
self-reported race group. The frequency of HLA-B*57:03 pro-
tective allele ranged from 0.3 to 1.5% in Amarela (Asian) and
Preta (Sub-Saharan African Descent), respectively. In relation
to B*27, Preta presented 1.25% and Branca (European) the
higher frequency (2.1%). The frequencies of B*58 subtypes
among the analyzed groups ranged from 0.4 to 2.7%, with
Branca showing the lowest value for B*58:02 and Preta present-
ing the highest frequency of B*58:01. These contrasting values
point out that in admixed populations, a personalized
approach is evenmore crucial.
HIV epitopes, HLA, and elite controllers

Some HIV viruses undergo epitope mutations that allow them
to escape the CD8 cellular immune response. The CD8+
immune response selectively pressures these mutations, and
when they reach essential and more conserved regions of the
viral genome, the mutations can result in loss of viral "fit-
ness", resulting in their disappearance from a patient's viral
population.11

Different HLAs have been associated with relative protec-
tion against disease progression and even virus control by the
immune system. Goulder et al.25 studied the relationship
between the HIV epitopes and HLA and found that it was gen-
erally related to changes in the HIV Gag protein, in which
some HLA class I alleles are related to a better prognosis and
others to greater susceptibility. It seems to be related to HIV
subtype analyzed and population affected.

Mixed populations bring a big challenge. A study in Mesoa-
merican patients found some HLA alleles to be protective
against HIV Clade B, including canonical ones like HLA-
B*27:05 and HLA-B*57:01, but also new alleles like HLA-
B*39:02, with a Canadian population as control.26

The immune response to HIV that leads to control without
the use of antiretrovirals seems to be linked to CD8+ lympho-
cytes. HLA-B*57 is often present in elite controllers. Epitopes
of Gag protein restricted to this HLA, such as IW9 (Gag 147
−155), KF11 (Gag 162−172), and TW10 (Gag 240−249) gener-
ated a considerable immune response measured by inter-
feron and perforin levels in lymphocytes from elite
controllers, even with peptide mutations.27

As mentioned earlier, human HLA-B*27, HLA-B*57:01, HLA-
B*57:03, and HLA-B*58:01 alleles have shown greater correla-
tion with HIV control. Patients with HIV and HLA-B*27 can
mount a CD8+ immune response against the KK10
(KRWIILGLNK) epitope of the Gag protein capable of control-
ling viremia.

According to Ladell et al., the KK10 epitope in the Gag pro-
tein appears to be immunodominant in the CD8+ response.28

Other authors have found HLA-B*14:02 to be protector when
interacting with HIV-1 subtype B. In the presence of this HLA
and this type of virus, an alternative Env epitope
(ERYLKDQQL) becomes immunodominant, highlighting the
importance of the interaction between the infectious agent
and host genetics.29 Whether Gag mutations frequently cause
loss of viral replicative capacity, Env protein mutations typi-
cally are tolerated by the virus without loss of replicative
capacity.

In African American patients with HIV subtype B, certain
HLAs were related to better viral control, especially HLA-B*14,
HLA-B*57:01, and HLA-B*57:03, while other HLAs were related
to worse outcomes (HLA-B*15:10, HLA-B*35:01 and HLA-B*53).
HLA-B*81 was shown to be protective in Africans with HIV-1
subtype C virus, but HLA-B*13 did not have the same effect in
this population.30

The geographic ethnic component can influence the
response to the virus, explained by genetic diversity of the
occurring viruses and the local human population. The rela-
tionship of HLAs that confers HIV-1 protection/susceptibility
is coordinated by some common alleles around the world,
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while specific alleles appear depending on the region and the
subtype of the virus investigated.

In two African elite controllers infected with HIV-1 virus
subtype C, the following protective HLA alleles were found in
patient 1 HLA-B*44:03, HLA-B*81:01, and HLA-DRB1*13, while
patient 2 expressed HLA-A*74:01, HLA-B*57:03, and HLA-
DRB1*13. For one patient, the HLA-B*81:01 Gag response was
immunodominant and likely contributed to viral control. p21,
the intrinsic cellular inhibitor of HIV reverse transcription,
was also more expressed in these patients than in seronega-
tive donors. The response to HIV seems to be more related to
cellular immunity than the presence of neutralizing antibod-
ies.31 This work emphasizes the importance of a closer look
towards the particularities of HIV infection depending on the
virus subtype and the population investigated.

Other uncommon alleles were described as protective. A
study was conducted on two HIV-infected patients, one char-
acterized as an EC and the other as a progressor. The CD4+
lymphocytes of both were susceptible to HIV with CCR5/
CXCR4 tropism, in addition to being heterozygous for the
CCR5D32 deletion.1 The HIV subtype of the EC was CRF02_AG,
and the subject’s partner had the same virus with 100%
homology. The EC’s HLA was HLA-A*03-A*31, with homozygo-
sis in the HLA-B*07 alleles and HLA-C*07. The elite controller’s
partner was HLA-B*07-B*52, HLA-C*07 heterozygous and HLA-
C*12 heterozygous.1 The HLA-B*07 is consistently linked to
accelerated disease progression in B-clade, but not in C-clade
infection.32 Different expressions of the same virus in two
patients show the importance of the interaction between the
genetics of the host, the source, and the viral strain in the
development of an EC, in addition to being a model for future
control of HIV infection.1
HLA, mutations, and loss of immunogenicity of
epitopes

According to Buggert et al.,33 some mutations allow HIV to
escape the CD8 response while others do not. A study con-
ducted on patients with HLA-B*57:01 who were infected with
HIV-1 subtype B and found that some epitopes were related
to better cellular response. In this study, KF11 (KAFSPEVIPMF)
epitope, a fragment of the HIV-1 Gag protein, is highly con-
served in HIV-1 subtype B and maintains its immunogenicity
even with mutations. On the other hand, HQ10 and ISW9 epit-
opes showed a panel of mutations that caused loss of immu-
nogenicity in patients with HLA-B*5701 infected with HIV-1
subtype B.

Caucasians have a 16% frequency of HLA-B*27:05 and/or
HLA-B*57:05, and the KK10 Gag epitope seems closely related
to HLA-B*27:05 protection.34 The reason why not everyone
with these HLAs become EC is still under study. The T242N
mutation, within the HLA-B*57:01 restricted TW10 (TSTLQE-
QIGW) epitope, was related to loss of HIV control. Kloverpris
et al.35 found a relationship between protective HLA-selected
epitopes, like HLA-B*27 and KK10, and viral fitness. Some
mutations cause impaired viral replication capacity and are
transmitted with benefit to the host. The dominant observed
escape mutation in KK10 epitope, R264K, arises at the anchor
position-2 (P2) in the epitope that is believed to require
Arginine for adequate binding to HLA-B*27.35 The mutation
L268X (where X represents Met or Ile at P6 in the KK10 epi-
tope) occurs prior to R264K, and this is associated with
reduced immune control.

Mutations on HLA-B*57 Gag IW9 and TW10 were associ-
ated with faster disease progression. This study found that
these HLAs selected epitopes in which many mutations occur
have an impaired viral replication capacity, demanding com-
pensatory mutations to maintain their virus fitness.

There are differences in HLA protective alleles, like HLA-
B*27, HLA-B*57, and HLA-B*58:01, that are common in Cauca-
sians infected with HIV-1 Clade B but cannot show the same
protection in sub-Saharan Africans infected by HIV-1 Clade C
and presenting a different genetic HLA composition. The
KK10 escape mutation R264K in C clade in individuals HLA-
B*27-positive is selected when prior escape at L268 is not pres-
ent. In this situation, the compensatory mutation is typically
S165N.35

Mutations selected in KK10 epitope include R to K in posi-
tion 2 in HIV Clade B in 5% of patients.36 This is a very con-
served region in Gag protein. Other African HLAs, like HLA-
B*81:01, are also linked to protection to AIDS progression and
select the TL9 Gap epitope in the sub-Saharan population.35

The HLA-B*57:01 allele selects some protective HIV Gag
epitopes, like TW10, IW9, QW9, and KF11, by CD8+ T cells
response.37 One common escape mutation in TW10 epitope is
T3N (TSNLQEQIGW) that changes the conformation of the
exposed epitope to abolish immune recognition. This muta-
tion enables HIV-1 immune escape in people with HLA-
B*57:01.37

HIV-1 can increase cellular endocytosis of HLA molecules
via nef, limit HLA transcription and peptide processing via
tat, and suppress TAP-mediated peptide transport into the
endoplasmic reticulum.37
Epitope processing and TCR recognition

The endogenous pathway of antigen processing and presen-
tation is used to present intracellular synthesized cellular
peptides as well as viral protein fragments via the MHC class I
molecule to the cytotoxic-T-lymphocytes (CTLs). In this path-
way, the proteins that are destined for the presentation are
marked by ubiquitination and subjected to proteolytic cleav-
age by the immunoproteasome. These fragments of peptides
are transported to the lumen of ER by a transporter associated
with antigen processing protein (TAP). The TAP proteins also
help the loading of the short peptides with appropriate length
(nearly nine amino acids) into the cleft of MHC class I mole-
cules. Although proteasome is the main actor in generating
the bulk of the CTL epitopes, cytosolic endopeptidases may
also be involved in the production of certain CTL epitopes.38

The HLA-I (the human MHC-I class of proteins) will pres-
ent endogenous peptides. Some HLA-I alleles are linked with
protection against infectious diseases, like HIV and hepatitis
C virus with HLA-B*27. The antigen processing pathway is
also important for study of immunological reactions to
viruses.39

Some epitopes are immunodominant, which means that
they drive the immune reaction to some virus. These types of
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epitopes share some characteristics, especially structural
ones, when complexed to the HLA cleft. Discovering common
viral immunodominance can help develop viral vaccines.40

CD8+T cells exert immune selective pressure on HCV.41 In
HIV it is observed a preferential expansion of CD8+T “escape
specific” cells triggered toward altered epitopes selected dur-
ing the HIV infection course, especially through HLA-B*27 and
HLA-B*57 alleles. These alleles are connected to slower dis-
ease progression.41

Mutation on an anchor residue of epitope necessary for
binding on MHC class I is one way that HIV uses to escape the
immune system.41

ER aminopeptidase I (ERAPI) is an endoplasmic reticulum
resident aminopeptidase involved in antigen presentation.42

It was studied in a murine model. One study found that CD8
+T cells could not recognize HIV-infected cells containing pro-
line at Gag residue 146.42 Failure of ERAPI to process the
mutant peptide resulted in an inability of the optimal epitope
to be generated and impaired the immune response.

The Ubiquitin-Proteasome System (UPS) interacts with HIV-1
aiding with degradation and removal of viral proteins.43 This
virus changes UPS to escape from the human immune system.

Eccleston et al.44 simulated the HIV-1 clade C peptide pre-
sentation on TCL surface with bioinformatics tools, which
predicts the peptidome of an amino acid sequence, the proba-
bility of proteasomal cleavage, TAP affinity, and the affinity
(IC50) between the peptide and chosen MHC-I. These pieces
of information were combined in a score. Four alleles associ-
ated with better control of HIV: HLA-B*58:01, HLA-B*57:01,
HLA-B*27:05, and HLA-B*44:03, and four alleles associated
with fast progression of the disease: HLA-B*18:01, HLA-
B*35:03, HLA-B*07:02, and HLA-B*55:01 were studied. In the
first group, the average Gag Total Score was one of the lowest
for the controlling alleles, with the highest average scores
coming from other proteins: Pol, Env, Nef and Vif. The authors
also constructed a combined model of HIV intracellular kinet-
ics and MHC class I peptide presentation. Among nine HIV-1
proteins, Gag peptides predominate at the cell surface, with a
Gag:Pol ratio of 18:1, a Gag:Vpr ratio of 23:1, and a Gag:Env
ratio of 64:1, and the Env protein was the third most abundant
in the cytoplasm, but its epitope is just the sixth most abun-
dant on the cell surface.44

Immunodominant epitopes tend to accumulate escape
mutations faster than subdominant epitopes. HIV-1 proteins
are cleaved by the proteasome, and the fragments are trans-
ported to the endoplasmic reticulum by TAP. Virus proteins
are processed by endopeptidases into epitopes that go to the
cell surface for antigen presentation to TCL. Mutations that
affect peptide processing stop the best epitopes formation
and impair the availability of these epitopes to loading to
MHC-1 molecules in the ER.45 The Gag epitope ISW9 mutation
consists in a change of alanine for proline at position 146
(A146P), blocking recognition of the IW9 epitope by the ami-
nopeptidase I in the ER, which prevents the formation of epi-
tope/MHC-I complex.42,45

The preferential processing of immunodominant epitopes
can be explained by the presence of specific N-terminal
motifs in the precursor protein of the epitope because when
these motifs are integrated near to a subdominant epitope it
causes a higher production of the epitope.45
The reasons that make an epitope immunodominant may
include its production efficiency, including kinetics and quan-
tity of peptide produced. Immune escape may happen
through mutations within or outside HIV epitopes, which
may impair the complete processing of epitopes or induce
degradation by intracellular peptidases.46

Mutations flanking an epitope may lead to T cell lack of
recognition. A mutation of alanine into proline located in
front of dominant HLA�B*57 restricted epitopes can be fre-
quently detected in HIV infected persons who are HLA�B*57
positive. Although this mutation occurs outside the epitope,
it prevents the recognition of infected cells by epitope�spe-
cific CTLs. This mutation blocked the complete processing of
the N�extended peptide into the epitope, thus generating a
peptide that does not connect efficiently to MHC�I and leads
to CTL escape.46
Conclusions

We investigated the relationships among HIV EC and the
MHC-I system, discussing the viral genetics and geographic
elements that could influence cellular responses. The virus
characteristics, especially HIV clades, can drive this interac-
tion. Genetic characteristics can contribute or inhibit cellular
virus entrance. Human genetic diversity, considering the
HLA-I system, has also a direct impact on virus and immune
system interaction. Some HLAs are related to a slower disease
progression to AIDS, and EC. These relations can be different
depending on HIV-1 clades and HLAs most prevalent in a spe-
cific geographic region. HIV and HLA can select different epit-
opes as immunodominant interactions in a population/
individual manner. Mutations on HIV-1 epitopes can cause
immune escape from CTLs and loss of EC. Other mutations in
the flanking regions of the epitope that may affect other
stages of antigen processing, such as cleavage by the protea-
some and translocation by TAP, can also impact these
aspects.

In summary, there are some gaps that should be filled
before we understand the complexity of elite controlling and
HIV resistance per se. It seems that cellular response, with all
cells and molecules involved, is a pivotal player in this pro-
cess. The HLA presenting protein rules the targets that will be
presented to CTLs. But the HLA pool for each population is
highly diverse, making the ligandome region-specific.
Besides, the circulating HIV viral strains are divergent as well,
in a location-dependent way. As we discussed, in this sense,
not only mutations inside the epitope regions will interfere in
the individual ability to present and generate a response
against a specific target, but the flanking amino acid substitu-
tions have also the potential to abolish a cytotoxic event.
Only the understanding of the coordinated interplay of these
factors will allow the development of more rational HIV
immunotherapeutics.
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22. Halagan M, Oliveira DC, Maiers M, et al. The distribution of
HLA haplotypes in the ethnic groups that make up the
Brazilian Bone Marrow Volunteer Donor Registry (REDOME).
Immunogenetics. 2018;70(8):511–22. https://doi.org/10.1007/
s00251-018-1059-1.

23. Msm P, Px T. 35-PX and HLA-B. 2014: 2323–32.
24. Biswas D, Yadav K, Borkakoty B, et al. Research Letters. Indian

Pediatr. 2014;51(11):931–5. https://doi.org/10.1007/s13312-014-
0533-6.

25. Goulder PJR, Walker BD. HIV and HLA Class I: An Evolving
Relationship. Immunity. 2012;37(3):426–40. https://doi.org/
10.1016/j.immuni.2012.09.005.

26. Valenzuela-Ponce H, Alva-Hern�andez S, Garrido-Rodríguez D,
et al. Novel HLA class i associations with HIV-1 control in a
unique genetically admixed population. Sci Rep. 2018. https://
doi.org/10.1038/s41598-018-23849-7.

27. Pohlmeyer CW, Buckheit RW, Siliciano RF, Blankson JN. CD8+
T cells from HLA-B*57 elite suppressors effectively suppress
replication of HIV-1 escape mutants. Retrovirology. 2013;10
(1):27–32. https://doi.org/10.1186/1742-4690-10-152.

28. Ladell K, Hashimoto M, Iglesias MC, et al. A molecular basis for
the control of preimmune escape variants by HIV-Specific CD8
+ T Cells. Immunity. 2013;38(3):425–36. https://doi.org/10.1016/
j.immuni.2012.11.021.

29. Leitman EM,Willberg CB, Tsai M, et al. crossm Antiviral
Efficacy Associated with Immune Control of HIV Infection.
2017;91(22):1–19.

30. Lazaryan Aleksandr, SongWei, Lobashevsky Elena, Tang
Jianming, S S, Zhang Kui, McNicholl Janet M, Gardner Lytt I,
Wilson Craig M, Klein Robert S, Rompalo A, Mayer Kenneth,
Sobel Jack, K R. for the HE., Study RSG and R for E in AC and H.,
Group. the Influence of Hla Class I Alleles and Their
Population Frequencies on Human Immunodeficiency Virus
Type 1 Control Among African Americans. Hum Inmmunol.
2013;72(4):312–8. https://doi.org/10.1016/j.
humimm.2011.01.003.THE.

31. Moosa Y, Tanko RF, Ramsuran V, et al. Case report:
Mechanisms of HIV elite control in two African women. BMC
Infect Dis. 2018;18(1):1–7. https://doi.org/10.1186/s12879-018-
2961-8.

32. Kløverpris HN, Adland E, Koyanagi M, et al. HIV subtype
influences HLA-B*07:02-associated HIV disease outcome. AIDS
Res Hum Retroviruses. 2014;30(5):468–75. https://doi.org/
10.1089/aid.2013.0197.

33. Buggert M, Norstr€omMM, Salemi M, Hecht FM, Karlsson AC.
Functional Avidity and IL-2/Perforin Production Is Linked to

https://doi.org/10.1016/j.ebiom.2017.12.003
https://doi.org/10.1016/j.ebiom.2017.12.003
https://doi.org/10.1007/978-1-4614-9610-6
https://doi.org/10.1007/978-1-4614-9610-6
https://doi.org/10.1001/jama.2010.925
https://doi.org/10.1186/s12879-017-2491-9
https://doi.org/10.1016/S1473-3099(18)30647-9
https://doi.org/10.1016/S1473-3099(18)30647-9
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0007
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0007
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0007
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0007
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0007
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0009
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0009
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0009
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0009
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0009
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0009
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0010
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0010
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0010
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0010
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0010
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0010
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0010
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0010
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0010
https://doi.org/10.1097/QAD.0b013e328353bcaf
https://doi.org/10.1097/QAD.0b013e328353bcaf
https://doi.org/10.1007/s00251-017-1000-z
https://doi.org/10.1007/s00251-017-1000-z
https://doi.org/10.1084/jem.20091386
https://doi.org/10.1056/nejm200105313442203
https://doi.org/10.1097/QAD.0b013e32833c3219
https://doi.org/10.1097/QAD.0b013e32833c3219
https://doi.org/10.1128/jvi.01381-12
https://doi.org/10.1128/jvi.01381-12
https://doi.org/10.1097/QAD.0000000000000206
https://doi.org/10.1097/QAD.0000000000000206
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0019
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0019
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0019
https://doi.org/10.17696/2318-3691.25.1.2018.853
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0021
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0021
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0021
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0021
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0021
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0021
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0021
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0021
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0021
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0021
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0021
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0021
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0021
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0021
https://doi.org/10.1007/s00251-018-1059-1
https://doi.org/10.1007/s00251-018-1059-1
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0023
https://doi.org/10.1007/s13312-014-0533-6
https://doi.org/10.1007/s13312-014-0533-6
https://doi.org/10.1016/j.immuni.2012.09.005
https://doi.org/10.1038/s41598-018-23849-7
https://doi.org/10.1186/1742-4690-10-152
https://doi.org/10.1016/j.immuni.2012.11.021
https://doi.org/10.1016/j.immuni.2012.11.021
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0029
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0029
http://refhub.elsevier.com/S1413-8670(21)00088-X/sbref0029
https://doi.org/10.1016/j.humimm.2011.01.003.THE
https://doi.org/10.1016/j.humimm.2011.01.003.THE
https://doi.org/10.1186/s12879-018-2961-8
https://doi.org/10.1186/s12879-018-2961-8
https://doi.org/10.1089/aid.2013.0197


braz j infect dis. 2021;25(5):101619 7
the Emergence of Mutations within HLA-B*5701−Restricted
Epitopes and HIV-1 Disease Progression. J Immunol. 2014.
https://doi.org/10.4049/jimmunol.1302253.

34. Brener J, Gall A, Hurst J, et al. Rapid HIV disease progression
following superinfection in an HLA-B*27:05/B*57: 01-positive
transmission recipient. Retrovirology. 2018. https://doi.org/
10.1186/s12977-018-0390-9.

35. Kløverpris HN, Leslie A, Goulder P. Role of HLA adaptation in
HIV evolution. Front Immunol. 2016. https://doi.org/10.3389/
fimmu.2015.00665.

36. National Institute of Allergy and Infectious Diseases. National
Institutes of Health D of H and HS. HIV sequence database.
Available at: https://www.hiv.lanl.gov/cgi-bin/
QUICK_ALIGNv2/convent.cgi?
seq_input=epitope%09KAFSPEVIPMF&nucpro=pro [accessed
January 4,].

37. Pymm P, Illing PT, Ramarathinam SH, et al. MHC-I peptides get
out of the groove and enable a novel mechanism of HIV-1
escape. Nat Struct Mol Biol. 2017. https://doi.org/10.1038/
nsmb.3381.

38. Chakraborty S, Rahman T, Chakravorty R. Characterization of the
protective HIV-1 CTL epitopes and the corresponding HLA class i
alleles: A step towards designing CTL based HIV-1 vaccine. Adv
Virol. 2014. https://doi.org/10.1155/2014/321974. 2014.

39. Maurício Menegatti Rigo, Dinler Amaral Antunes M., Sinigaglia
JABC and GFV. MHC, VIRAL INFECTION AND
IMMUNOINFORMATICS. 2012.
40. Vieira GF., Chies JAB. Immunodominant viral peptides as
determinants of cross-reactivity in the immune system - Can
we develop wide spectrum viral vaccines? Med Hypotheses.
2005;65(5):873−9. doi: 10.1016/j.mehy.2005.05.041.

41. Timm J, Walker CM. Mutational escape of CD8+ T cell
epitopes: implications for prevention and therapy of
persistent hepatitis virus infections. Med Microbiol Immunol.
2015;204(1):29–38. https://doi.org/10.1007/s00430-014-0372-z.

42. Draenert R, Le Gall S, Pfafferott KJ, et al. Immune selection for
altered antigen processing leads to Cytotoxic T lymphocyte
escape in chronic HIV-1 infection. J Exp Med. 2004;199(7):905–
15. https://doi.org/10.1084/jem.20031982.

43. Colomer-Lluch M, Ruiz A, Moris A, Prado JG. Restriction
factors: from intrinsic viral restriction to shaping cellular
immunity against HIV-1. Front Immunol. 2018;9
(December):2876. https://doi.org/10.3389/fimmu.2018.02876.

44. Eccleston RC, Coveney PV, Dalchau N. Host genotype and time
dependent antigen presentation of viral peptides: Predictions
from theory. Sci Rep. 2017;7(1):1–20. https://doi.org/10.1038/
s41598-017-14415-8.

45. Arcia D, Acevedo-S�aenz L, Rugeles MT, Velilla PA. Role of CD8+
T Cells in the Selection of HIV-1 Immune Escape Mutations.
Viral Immunol. 2017;30(1):3–12. https://doi.org/10.1089/
vim.2016.0095.

46. Le Gall S. MHC-I-restricted HIV epitope processing, immune
control and immunogen design. HIV Ther. 2010;4(1):101–17.
https://doi.org/10.2217/hiv.09.57.

https://doi.org/10.4049/jimmunol.1302253
https://doi.org/10.1186/s12977-018-0390-9
https://doi.org/10.3389/fimmu.2015.00665
https://doi.org/10.3389/fimmu.2015.00665
https://www.hiv.lanl.gov/cgi-bin/QUICK_ALIGNv2/convent.cgi?seq_input=epitope%09KAFSPEVIPMF&nucpro=pro
https://www.hiv.lanl.gov/cgi-bin/QUICK_ALIGNv2/convent.cgi?seq_input=epitope%09KAFSPEVIPMF&nucpro=pro
https://www.hiv.lanl.gov/cgi-bin/QUICK_ALIGNv2/convent.cgi?seq_input=epitope%09KAFSPEVIPMF&nucpro=pro
https://www.hiv.lanl.gov/cgi-bin/QUICK_ALIGNv2/convent.cgi?seq_input=epitope%09KAFSPEVIPMF&nucpro=pro
https://doi.org/10.1038/nsmb.3381
https://doi.org/10.1038/nsmb.3381
https://doi.org/10.1155/2014/321974
https://doi.org/10.1007/s00430-014-0372-z
https://doi.org/10.1084/jem.20031982
https://doi.org/10.3389/fimmu.2018.02876
https://doi.org/10.1038/s41598-017-14415-8
https://doi.org/10.1038/s41598-017-14415-8
https://doi.org/10.1089/vim.2016.0095
https://doi.org/10.1089/vim.2016.0095
https://doi.org/10.2217/hiv.09.57

	The influence of HLA/HIV genetics on the occurrence of elite controllers and a need for therapeutics geotargeting view
	Introduction
	HLA and HIV control
	HIV epitopes, HLA, and elite controllers
	HLA, mutations, and loss of immunogenicity of epitopes
	Epitope processing and TCR recognition
	Conclusions
	Funding
	Conflicts of interest
	References


