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Abstract
HIV infection and its outcome is complex because there is great heterogeneity not only in clinical
presentation, incomplete clinical information of markers of immunodeficiency and in measurements
of viral loads. Also, there many gene variants that control not only viral replication but immune
responses to the virus; it has been difficult to study the role of the many AIDS restricting genes
(ARGs) because their influence vary depending on the ethnicity of the populations studies and
because the cost to follow infected individuals for many years. Nevertheless, at least genes of the
major histocompatibility locus (MHC) such as HLA alleles have been informative to classify infected
individuals following HIV infection; progression to AIDS and long-term-non-progressors (LTNP).
For example, progressors could be defined as up to 5 years, up to 11 years or as we describe in this
report up to 15 years from infection, and LTNP could be individuals with normal CD4+ T cell counts
for more than 15 years with or without high viral loads. In this review, we emphasized that in the
studies of ARGs the HLA alleles are important in LTNP; HLA-B alleles influencing the advantage
to pathogens to produce immune defense mediated by CD8+ T cells (cognate immunuity). Our main
point we make in this report is that contrary to recent reports claiming that this dominant effect was
unlikely due to differences in NK activation through ligands such as HLA-Bw4 motif, we believe
that cognate immunity as well as innate immunity conferred by NK cells are involved. The main
problem is that HLA-Bw4 alleles can be classified according the aminoacid in position 80. Isoleucine
determines LTNP, which is a ligand for 3DS1. Such alleles did not include HLA-B*44. B*13 and
B*27 which have threonine at that position. The authors have not considered the fact that in addition
to the NK immunoglobulin receptors, NK receptors can be of the lectin like such as NKG2A/HLA-
E to influence the HIV infection outcome. HLA-Bw4 as well as HLA-Bw6 alleles can be classified
into those with threonine or methionine in the second position of their leader peptides. These leader
peptides are ligands for NKG2A in which methionine influences the inhibitory role of NKG2A for
killing infected targets. Functional studies have not been done as well as studies of these receptors
in infected individuals. However, analyses of the leader peptides of HLA-B alleles in published
reports, suggested that threonine in the second position can explain the importance of HLA-B*57,
B*13, B*44 as well as certain Bw6 alleles in LNTP. In addition, we analyzed the San Francisco
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database that was reported and found that the association of HLA-B alleles with LNTP or with
progressors can be due to the presence of threonine or methionine in their second position. Therefore,
studies of outcome of HIV infection should include not only mechanisms of cognate immunity
mediated by peptides and CD8+ T cells but also, NK receptors of two types, NKG2A as well as
3DSI. We propose that the SCID mouse should be used to understand mechanisms mediated by many
of the ARGs especially the importance of thymus derived cells as well as NK receptor interactions
with their ligands in this experimental animal transplanted with human stem cells, thymus or NK
cells obtained from individuals of known HLA genotypes.

I. Introduction
AIDS is not generally considered a genetic disease because there is a great heterogeneity of
clinical presentation in part determined by gene variants that control to same extent virus
replication and immunity [1-3]. Noteworthy of mentioning is the fact that there is not much
information about genes that protect individuals exposed to the virus and do not get infected.
Also, it is important to mention that those that get infected develop pathology at different times
following the infection, for example those who died from AIDS at 1-5 years from infection,
but the definition of such fast progressors should include those where the immunodeficiency
and progression to AIDS could go up to 10-11 years or more from the time of the infection.
More difficult perhaps, is to define long-term infection since there are patients that progress
to immunodeficiency 15-20 or more years after infection and a group of the long-term non
progressors that maintain normal CD4+ T cell counts and absence of viremia for more than 20
years without treatment. The heterogeneity of clinical presentation cannot be completely
explained, but it is possibly related to the large number of genetic and non-genetic contributing
factors: innate, humoral and cell mediated immune responses [4] and the AIDS restricting
genes (ARGs). In addition, longitudinal studies have an additional difficulty because some
patients are treated with antiretroviral drugs to prevent or diminish the possible progression to
AIDS.

Our review will attempt to emphasize that studies of CD8+ T cell immunity should be
performed in conjunction with NK receptor/ligand interactions and their variants. We will
summarize evidence that HIV infection involves several immune mechanisms resulting in
longterm non progression or progression to AIDS in which intrinsic, innate and cognate
immunity are important. However, genetic associations with protection from or progression to
disease are complex and could vary, related to the ethnicity of the populations studied [5].

II. Immune Functions in HIV
A. Cognate Immunity

Cognate immunity has been extensively studied involving primarily CD4+ and CD8+ T cells
interacting with MHC alleles presenting HIV-I peptides on antigen presenting cells [6-12].
Such cells may mediate protection by production of cytotoxic cells or cytokines such as IFN
gamma and IL-12 [13]. Macrophages [14], DC and plasmocytoid DCs are type 1 IFN secretion
inducers of IL-12. However, several viruses escape MHC class I restricted cytotoxic T
lymphocytes (CTL) responses by down-regulating their expression on infected cell surface
[15]. In this regard, protection from infection may have genetic basis but it varies in different
populations [5]; these associations are complex and difficult to asses because in most cases is
difficult to know the date of incidence of infection, the date of presence of viremia, or the date
of decrease of CD4 counts. In many cases the studies could be difficult to reproduce because
of genetic stratification and population size of case-control studies. MHC studies, in many
cases, are incomplete and without strict criteria for population sizes and epidemiological
parameters that explain the lack of consistencies of the alleles associated with disease
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progression [16]. Also, some of the MHC associations maybe present because of genes that
are in linkage disequilibrium with HLA alleles, for example TNF [17], that are involved in the
regulation of level of HIV-1 viremia since it causes increased viral replication in infected
monocytes. This occurs through the activation of the transcription factor NFkB, which binds
to the HIV-1 long terminal repeat, causing increased levels of HIV-1 transcription [18-20].

HLA Alleles, and Clinical Outcome of HIV-1 Infection—HLA alleles of class I (A, B
and C) and II (DR, DQ and DP) have a large variation between individuals and populations,
which could provide recognition of virus agents to which they have been exposed [4]. Since
HIV infects immune cells to produce proliferation, spread and CD4+ T lymphocyte damage,
the HLA alleles could influence the time from infection to AIDS progression [21]. For example,
HLA-Cw4, a ligand for KIR 2DL1 influences the time to develop AIDS, [22]. These findings
could have been due to genes in random association with HLA-B and C alleles such as TNF
[17]. The contribution of HLA-B*35 alleles has also been postulated [23]. More importantly,
HLA influence was observed in relation to HIV-1 subtypes where the HLA recognition motifs
are associated to AIDS survival. Two HLA alleles, B*27 and B*57, have been reproducibly
associated with long-term non-progression of AIDS [3,24]. A controversial subject is the role
of zygosity of HLA-A alleles in the progression to AIDS. For example HLA class I
homozygotes for several alleles progress to AIDS faster than those heterozygous [23,24].
Further, groups of alleles or supertypes grouped according the B pocket showed association
with clinical outcome [16,25]. The role of zygosity for HLA-Bw6 and HLA-Bw4 has been
controversial, Bw6 was found associated with AIDS in Caucasians [25,26] and Chinese [27]
while the Bw4/Bw4 was associated with LTNP in Caucasians but not in Africans [28].
Therefore, genetic markers, ARGs result from different evolutionary effects that would explain
that ethnicity and protection from AIDS and genetic effects on clinical outcome vary among
populations [4,5].

B. Innate Immunity
This type of immunity is mediated by a newly discovered endogenously expressed proteins
that provide defenses against retroviral infection such as HIV-1 and murine leukemia virus
(MLV) [29-31]. These proteins probably prevent the entry of HIV-1 into cells by interaction
with CD4, Natural Killer (NK) cells, monocytes and dendritic cells. In addition, several
molecules secreted by these cells can protect against such infection, for example IL-12,
chemokine receptors CCR4 and CCR5. In this regard, most HIV strains use the CCR5. as a
co-receptor and thereby are sensitive to inhibition by the ligands of this receptor; also deletion
of CCRS prevents viral entry into cells [2]. HIV-1 infection is potently blocked in rhesus
macaques by the cytoplamic component protein tripartite motif 5 (TRIM5). Interestingly, the
TRIM5 protein in rhesus macaque is 87% identical to its human homolog. However, human
TRIM5 proteins do not restrict HIV-1 [31]. Remarkably, one amino acid change in the protein
sequence of human TRIM5 leads to full activity against HIV-1 infection [32,33]. Even though,
several SNPs for human TRIM5 have been identified, none of them corresponded to this
specific residue. Differently, the endogenously expressed human cytidine deaminase
APOBEC3G potently blocks HIV-1 infection [32]. However, the HIV-I accessory protein vif
is able to overcome this restriction allowing productive infection. Finally, the endogenously
expressed mouse protein Fvl potently block infection of MLV [29]. Overall, this demonstrates
that during evolution, humans developed series of specie-specific blocks for retroviral
infection.

In an extensive genetic epidemiological study, SNPs of TRIM5 were identified. In African
Americans four alleles exhibited different frequencies in HIV-1 infected and uninfected
individuals. SNP2 in the non-coding exon 1 and SNP3 in intron 1 were associated with
increased risk of infection. [34]. These finding suggested that any modification of infection
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susceptibility afforded by particular TRIM5 alleles may be restricted to particular populations
or types of exposure. There are population specific effects for AIDS modifying genes
[33-36]. For example, the role of TRIM5 polymorphism in Europeans, the TRIM haplotype
containing 136Q exhibited increased frequency among HIV-1 infected subjects compared with
seronegative exposed individuals [34], which contrasts with the opposite results reported in
African Americans [35,36]. These findings suggest that either the genetic background, non-
random association with other genes or the type of exposure may influence susceptibility to
HIV-1 infection. However, TRIM5 variants do not influence disease progression. As it will be
pointed out below, there are many genes that limit AIDS and such influence may be present
in some ethnicities but not in all. This problem stresses the fact that research is needed to
determine their frequencies in several ethnicities in order to include sufficient individuals in
the calculations of statistical power.

According to estimations there are more than 90% of the genetic and non-genetic influences
on AIDS progression that are still undiscovered. Less known is the estimation of these factors
influencing genetic susceptibility to be infected by HIV-1. It was calculated that 21.1% of
individuals infected who did not develop AIDS for 11 more years did so because they carried
one of more protective ARGs. Among those that develop AIDS rapidly, within 5.5 years of
HIV-1 infection, the single ARG effects were modest (2.4-8.1%) but the cumulative ARGs
associated with rapid progression is high (40.9%). However, the estimates are approximately
10% for both groups including long-term non-progressors and progressors to AIDS. Available
databases, although informative, possess problems for analyses, because during the patients
follow up some of them are recruited after they have been treated with anti-retroviral drugs
during the first 10-11 years from the time of infection. Thus the definition of immunodeficiency
is based on CD4+ T cell counts only without consideration of viral loads. Also some patients
without treatment maintain normal CD4+ T cell counts beyond 15 years from infection while
they may have high viral loads.

2. NK cells—Studies of HIV-1 uninfected persons showed enhanced activity of NK functions
despite many years of high-risk exposure demonstrating the importance of NK cells in
immunity against HIV-1 infection [37]. NK cells functions involve receptors that interact with
HLA ligands. HLA alleles are therefore important in disease progression because target
infected cells are more susceptible to NK killing. For example, nef, a product of HIV-1 is known
to diminish the levels of HLA-A and HLA-B expression of infected cells [38], whereas HLA-
C, which is one ligand for NK receptors, is poorly expressed naturally [39]. By contrast, nef
increases the level of HLA-E on the surface of infected cells [40]. Also, HLA-A expression is
higher than HLA-B [39] and HLA-B expression is more inducible by IFN alpha than the HLA-
A [41]. Therefore, in the environment of the HIV infection there would be more contribution
of HLA-B alleles or leader peptides from HLA-B as well as that of HLA-E with HLA-B leader
peptides to function in their interaction with NK receptors.

There are two different kinds of NK receptors, immunoglobulin-like such as the inhibitory and
activating receptors that include the KIRs and also lectin-like such as the NKG2 receptors. The
NKG2A is inhibitory and has as a ligand HLA-E and the NKG2D is an activating-type receptor
and has as a ligand the MICA alleles for function, killing of infected cells or cancer cells [42,
43]. Also, some KIRs are expressed on a subset of NK cells with a memory phenotype [44]
that suggests that they may regulate T cell as well as NK cell activity. Masking of inhibitory
NK receptors on CTLs from HIV infected individuals by monoclonal antibody has produced
increases of HIV-1 specific CTL activity [12] suggesting possible involvement of NK cells.

As proposed in this report, HLA-E and its interaction with NKG2A needs to be investigated
in both high risk persons exposed to HIV that have or do not have infection or their role in the
clinical outcome following HIV-1 infection. However, the MICA alleles, which are ligands
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for the lectin activating receptor NKG2D, were not associated with HIV-1 clinical progression
[17].

It is well known that HLA-E folds to function, depending on the leader peptides from HLA-
class I alleles (A, C and B). The critical aminoacid is methionine in second position, whereas
threonine is accompanied by poor folding and defective function [45]. The leader peptides with
methionine in the second position (VMAPKTVLL and VMAPRTLL) induce higher levels of
HLA-E expression than those with threonine at Position 2. Also, they exhibited high affinity
for soluble CD4 NKG2A molecules [45-47]. Despite the high expression of HLA-E due to nef,
the presence of threonine in the leader peptides of HLA-B alleles render HLA-E to be poorly
expressed [40].

HLA-B Ligands for NK Receptors: HLA-Bw4 and HLA-Bw6 Supertypes and the Leader
Peptide of HLA-B alleles as Ligands for the NKG2A Receptor: The HLA-B alleles are the
most important in HIV viral progression because they restrict infection via CD4/CD8 [48] and
they are ligands for NK receptors, KIRs (3DL1 and 3DS1) [26] and lectin receptor (NKG2A)
as we propose in this article.

HLA-Bw4 supertype comprising approximately 40% of HLA-B alleles is the ligand for NK
receptors encoded by the Killer immunoglobulin receptor (KIR) gene complex on chromosome
19 [49]. This interaction could be due to loss of inhibition of the inhibitory receptor, 3DL1 in
effector cells that causes the function of the activating receptor 3DS1. This was found
experimentally, that the combination of homozygosity of HLA-Bw4 and KIR3DS1 epistasis
influence AIDS progression [23]. Of interest, this interaction did not include the role of B*27
and B*44 in LNTP. The authors suggested that those alleles are involved in a different
mechanism of protection from progression. In this report we are proposing a mechanism that
needs to be investigated.

All HLA-A and HLA-C alleles encode HLA-E binding peptides with methionine at second
position [50]. Importantly, HLA-C alleles are poorly expressed on the surface of cells [39] and
HLA-B has higher basal level of expression than HLA-A, and by far more inducible by IFN
gamma and alpha than HLA-A gene [41]. Furthermore, HLA-B alleles are the dominant
influence to mediate a possible co-evolution of HIV and HLA [44], that we believe should also
include HLA-E loaded with class I peptides.

These findings are based on the fact that HLA-B alleles can be classified according to the
presence of thr or met at P2 of the leader peptide [41,43]. Almost all HLA-Bw4 alleles with
the exception of HLA-B*.38 encode leader peptides with Thr at P2 and HLA-Bw6 are divided
into two groups, those encoding Met at P2 and those encoding Thr at P2 [41,43,51] (Table 2).

Statistical Analysis of Influence of Threonine in Second Position in Long Term Non
Progressors (LTNP): Re-analyses of the data published before (Flores et al) (table 3) the
number of individuals with two copies of Threonine in the group of controllers was
significantly higher than in the progressors. 14/20. (0.70) versus 3/19 (0.15) of the non-
controllers p: 0.0006 OR: 12.44. Of interest, the frequency of individuals with TT uninfected
was 42/108 (0.39). p: 0.010 OR:3.67.

Analyses of the San Francisco cohort reported before also demonstrated that Comparison of
LTNP with progressors, either 0-10 years or 0-15 years showed that the presence of TT was
significaltly higher in the LTNP than in 0-10 years progressors, 17/22 versus 11/44, p=
0.000005, OR=10.20 and between all progressors (0 to 15 years, 17/22 versus 20/76,
p=0.00001, OR= 9.52. Likewise, the frequency of TT was higher in LTNP than in uninfected
controls 20/76 versus 130/265, p =0.0004 OR= 2.70. These results should be confirmed using
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Kaplan-Meier plots to assess more accurately the importance of these findings using outcome
of HIV viral infection and need to be studied in relation to the expression of NKG2A receptors
on NK cells.

III. Stem Cell Microenvironment in HIV Infection
HIV infection of stem cell microenvironments or niches causes hematopoietic inhibition and
hence cytopenias [52-57]. Hematopoietic CD34+ progenitor stem cells are reported to be
resistant to HIV-1 infection, in vitro, or in vivo [58,59]. Those cells that experienced the indirect
effects of HIV-1 infection exhibit inhibition of their multilineage hematopoiesis as determined
by colony forming activity ex vivo [58,60-62]. It is reported that the hematopoietic stem cell
microenvironment is damaged due to the indirect effects of HIV-1 infection of the thymocytes
on the CD34+ progenitor stem cells but in a reversible manner, in the human fetal Thymus/
Liver conjoint hematopoietic organ of the transplanted chimeric severe combined
immunodeficiency mouse (SCID-hu) model system [60,62]. It is therefore highly plausible
that this implanted human organ in the SCID-hu mouse, which serves as a niche, not only for
thymocyte expansion but also supports hematopoiesis, suffers niche dysfunction due to HIV-1
infection. Continued presence of the CD34+ progenitor stem cells in the infected niche seem
to suffer due to exacerbation resulting from persistent virus mediated niche disruption via
infection of thymocytes and consequent interactions and signaling network of the hubs. In this
microenvironment it is possible that several ARGs could produce different outcomes. This is
evident from our previous observation that CCR4 and CCR5- tropic HIV-1 produce variable
kinetics of inhibition of hematopoiesis [60].

Less understood is the role of different lymphoid organs in regards to the diminution of T cells
in the gastrointestinal niche which is involved in HIV infection clinical outcome especially the
genetic markers that contribute to AIDS progression. The intestinal mucosal immune system
is an important target of HIV-1 infection and contributes to disease progression. In addition
distinct gene expression profiles correlate with clinical outcome [63]. In this regard we wonder
if the variable time of outcome of AIDS following HIV infection is related to several innate
unknown mechanisms operating in the host. Independent of these is the fact that patients with
HIV do not get diagnosed immediately after infection and the time of diagnosis could be
variable taking sometimes several years. For example, we had access to the San Francisco
database [46] and several individuals recruited for follow-up were first evaluated from 0 to 11
years and therefore the definition of long-term non-progression can only be analyzed after
years of the date of known infection. In addition, some of such patients were censored after
they had begun treatment. Only in those individuals followed from the time of infection it
would be possible to demonstrate the role of genetic markers in viremia, and their participation
in producing decreased CD4 counts and/or conversion to AIDS.

The transcription factors such as STAT5A are involved in stem cell self-renewal that precedes
multilineage differentiation of CD34+ progenitor stem cells [64-69]. The proto-oncogene of
myeloproliferative leukemia also known as thrombopoietin (Tpo) receptor proto-oncogene, c-
mpl, is known to promote multi-lineage pluripotent stem cell differentiation of the CD34+
progenitor cells [70-73]. Both STAT5 and c-mpl are important target genes for control and
enhancement of stem cell self-renewal and multi-lineage differentiation to reduce or prevent
cytopenias induced during HIV infection [74]. We wonder if some individuals have highly
regulated expression of STAT5A/B and c-mpl genes in progenitor cells and if in such
individuals CD4 cells are generated in higher numbers than in those without such a regulated
niche.
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IV. Discussion
It is necessary to investigate the role of NK cells in the innate immunity against HIV infection.
It is now clear that there are at least three kinds of immune mechanisms involved in the control
of viral infections including that of HIV-1: A) intrinsic innate immunity mediated by a group
of major defenses against infection by retroviruses, Fv1 and TRIM5 inhibitors, proteins that
target incoming retroviral capsids and the APOBEC3 class of cytidine deaminases that
hypermutate and destabilize retroviral genomes. These are probably involved in the prevention
of HIV-1 into cells and constitute the first level of protection from infection by specific cells,
such as dendritic cells, including plasmocytoid dendritic cells. Of course many proteins such
as cytokines, IL 12, chemokines, and chemokine receptors CCR5 and CXCR4 are important.
B) Genetic markers of immune effectors that are important in the outcome of HIV-1 infection;
Natural killer, NK, receptors of two kinds, Ig-like such as KIRs and lectin-like such as NKG2
are involved. These two kinds of genetic markers have been described to be involved in the
outcome of the HIV-1 infection towards long term non-progression and AIDS. In this regard,
two reports have described the role of HLA-Bw4/Bw4 as a marker for LTNP and related to
that a subgroup of Bw4, isoleucine in position 80 of Bw4 interacting with a KIR receptor, 3DS1
was associated with LTNP [25,26]. In unpublished work we have re-analyzed the data
published before involving the importance of Bw4 in LTNP, discovered that methionine, Met/
Met, in the second position of the leader peptide of HLA-B alleles is a marker for progression
to AIDS [47]. NK receptors may be involved in the control of viremia; CD94/NKG2A
inhibitory receptors [75-77] and the NKG2D stimulatory receptors not only present in NK cells
but also in human CD8 lymphocytes [39,78]. Therefore, NK and CTL activating and inhibitory
signals can be provided by NKG2 receptor interaction with MICA and by CD94/NKG2A
interaction with HLA-E molecules with the appropriate assembly of peptides [44]. However,
the role of NKG2D/MICA in the progression to AIDS was not found [17]. The CD94/NKG2A-
HLA-E pathway has not been studied related to HIV-1 infection outcome. It is important to
mention that HLA leader peptide sequences with Met at P2 induce significant levels of HLA-
E expression compared to those with Thr at P2, the latter failed to confer protection from NK
lysis and the HLA-E/peptide complexes exhibited high affinity for soluble CD94/NKG2
molecules [45,47]. Also, although HLA-A and C alleles encode HLA-E binding peptides with
Met at P2, HLA-C alleles are poorly expressed on the surface of cells [39] and nef of HIV-1
down-regulates the cell surface expression of HLA-B and A but not C or HLA-E [40].
Furthermore, HLA-A alleles are rarely used to restrict CTL epitopes [48,79]. In sum, in the
environment of HIV-1 infected cells the HLA-leader peptides have more contribution to
generate HLA-E binding peptides. This is supported by the reduced HLA-E poor expression
by cells transfected with HLA-B*51 or B*58 [80,81]. Therefore, it is possible that NK receptors
are involved together with the recognition of CD8 T cell responses against the human
immunodeficiency virus (HIV-1). Since HIV-1 infection modulates the expression of IFNs
that the cellular environment, niche, there would render greater contribution of HLA-B leader
sequences to generate HLA-E binding peptides to interact with the NKG2A receptor as well
as interaction with the cognate immune system [48]. Based on this scenario, we believe that
the presence of Met at P2 produces inhibition of killing favoring HIV progression whereas,
Thr at P2 produces loss of inhibition of killing favoring activating receptors of NK cells that
negatively influence HIV infection outcome.

Therefore it is important to emphasize that among the multiple genes that limit the progression
to AIDS [4] HLA-E molecules loaded with either methionine of threonine in the second
position of leader peptides should be studied not only in regard to their influence in infection
outcome but also in the innate protection from HIV-1 infection. Furthermore, we will also use
a SCID-hu model where a combination of TRIM-5a, CCR5, with threonine in the second
position of the HLA-B leader peptide will protect transplants from infection. C) Cognate
immunity. There is a large literature of this subject related to viremia progression and future
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investigations are needed in this respect to identify genes of protection from infection by HIV.
These should include genetic markers involved in the role of CD4/CD8 in HIV-1 infection
together with those genetic factors involved in mechanisms of innate immunity against HIV-1
viral infection or disease progression, such as those involving NK receptors interacting with
their ligands. This mechanism also explains the slow progression to AIDS in a subgroup of
patients that maintain normal CD4+ T cell counts but demonstrate viremia even after 15 years
of infection [46].

In unpublished studies by Flores, et al [46] previous published results were reanalyzed [25]
with 39 individuals of known immune status that included controllers of viremia with a short
follow up (not longer than 2 years) The HLA-B alleles were grouped according the Bw4 or
Bw6 public specificity encoding epitopes determined by residues 79-83 at the carboxyl-
terminal end of the alpha 1 helix (Table 1). Some of the Bw6 alleles have threonine in the
second position of their leader peptide, for example HLA-B*1801, B*4101, B*35 alleles, B*40
alleles, and B* 15 alleles. These results were corroborated analyzing 98 HIV infected
individuals with follow-up of viral loads and CD4+ T cell counts with progression or lack of
progression to immunodeficiency. TT was associated with long-term progressors and with
long-term non-progressors that maintain normal CD4 counts beyond 15 years from the date of
infection.

Figure 1, summarizes possible variability of CD34 cells in the population, different age at time
of thymic involution.

This hypothesis can be studied as a cross-sectional study using the SCID mouse using
peripheral blood and tissues available to investigate the number of CD4, CD8 and NK cells
present at the time of short-term progression or long-term non-progression as a first step to
study the role of NKG2A/ligand interaction in inhibition from killing, or actual killing, of HIV
infected target cells as well as using the SCID-hu mouse model.

V. Future Studies
Most studies of HIV infection outcome reported have described the importance of class I gene
products particularly HLA-B. In this regard in a large number of HIV-1 infected individuals
from southern Africa, it was reported that HLA-B alleles influence the potential co-evolution
of HIV and HLA, providing advantage to pathogen defense mediated by CD8+ T cells. These
results were consistent with the findings in B-clade infected Caucasians with non-progression/
low viral load or progression/high viral loads [48]. The authors claimed that the dominant effect
for HLA-B alleles in HIV infection was unlikely due to differences in NK cell activation
through the HLA-Bw4 motif. They mentioned the fact that it was reported that there is epistatic
interaction between KIR3DSl and some HLA-Bw4 alleles that mediated protection were
entirely independent of this interaction [26]. Since there is a protective role of certain Bw4
alleles, B*2705, B*13 and B*44, as well as those that carry Ile-80, such a protective role should
involve the mechanism described of NKG2A with the leader peptide threonine. See diagram.
In both reports [26,48], the authors did not consider the fact that there are two kinds of NK
receptors, immunoglobulin receptors such as KIR3DSl and the lectin receptors such as
NKG2A. We have described herein that the alleles of Bw4, B*27 and B*57 as well as some
Bw6 alleles carry threonine in the second position of their leader peptide that would interact
with NKG2A. This mechanism should be studied together with the dominant role of HLA-B
alleles influencing HIV specific CD8 T cell responses in the outcome of HIV infection. The
use of cross-sectional studies has limitations of statistical power that are corrected when using
longitudinal studies and this explains to some extent the major inconsistencies in published
reports related to the HIV infection outcome. Perhaps the SCID mouse model could resolve
some of these problems but this model also has limitations related to the fact that the
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experiments are limited to the particular tissues grafted and do not necessarily include the large
number of ARGs present in individuals of the population at large [82,83]. However, the
engraftment of CD34+ or even of CD133+ cells give rise to multiple lineages of cells following
spontaneous differentiation in vivo that may identify the source of ARGs.
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Figure 1.
Diagram summarizes possible variability of CD34 cells in the population, different age at time
of thymic involution.
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Table 2
Comparison of Bw4 and Bw6 frequencies based on the presence of methionine or threonine in second position of HLA-
B leader peptides

aa 2nd position Caucasians African
Americans

Asian
Americans

 Met 0.30 0.20 0.18
 Thr 0.70 0.80 0.82
 Met/Met 0.09 0.04 0.04
 Met/Thr 0.42 0.32 0.27
 Thr/Thr 0.49 0.64 0.69
Supertype
alleles
 Bw6 0.61 0.74 0.55
 Bw4 0.39 0.26 0.45
Supertype
genotypes
 Bw6/Bw6 0.37 0.55 0.30
 Bw4/Bw4 0.15 0.07 0.20
 Bw6/Bw4 0.49 0.38 0.50
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