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Certain HLA-B antigens have been associated with lack of
progression to AIDS. HLA-B alleles can be divided into two
mutually exclusive groups based on the expression of the
molecular epitopes HLA-Bw4 and HLA-Bw6. Notably, in addition
to its role in presenting viral peptides for immune recognition,
the HLA-Bw4, but not HLA-Bw6, motif functions as a ligand for
a natural killer cell inhibitory receptor (KIR). Here, we show that
profound suppression of HIV-1 viremia is significantly associated
with homozygosity for HLA-B alleles that share the HLA-Bw4
epitope. Furthermore, homozygosity for HLA-Bw4 alleles was
also significantly associated with the ability to remain AIDS free
and to maintain a normal CD4 T cell count in a second cohort of
HIV-1-infected individuals with well defined dates of serocon-
version. This association was independent of the presence of a
mutation in CC chemokine receptor 5 (CCR5) associated with
resistance to HIV-1 infection, and it was independent of the
presence of HLA alleles that could potentially confound the
results. We conclude that homozygosity for HLA-Bw4-bearing B
alleles is associated with a significant advantage and that the
HLA-Bw4 motif is important in AIDS pathogenesis.

V iruses such as HIV-1 that cause lifelong infection in humans
have evolved mechanisms to elude the host immune re-

sponse. Thus, the HIV-1 burden in an infected individual is a
product of both HIV-1-specific immune responses of the host
that eliminate virus and infected cells, and the ability of the virus
to evade those mechanisms. Over the past decade, individuals
have been identified who demonstrate disparate abilities to
control HIV-1 infection. Although the average time to AIDS in
untreated infection is ten years, a subset of infected persons has
been identified who maintain low to undetectable HIV-1 viral
loads, normal CD41 T cell counts, and have no manifestations
of HIV-1 clinical immunocompromise or disease despite docu-
mented infection with HIV-1, in some cases for up to 20 years
(1–7). This group of individuals thus manifests a unique ability
to successfully control HIV-1 viremia in the absence of antiret-
roviral therapy.

Immunological characterization of these individuals who
persistently control viremia, representing the minority of
so-called long term non-progressors (LTNP), has demon-
strated vigorous HIV-1-specific CD41 T cell proliferative
responses and cytotoxic T cell responses to HIV-1 antigens (5,
6, 8). Several cohort studies examining HLA associations in
HIV-1-infected persons have suggested that heterozygosity of
HLA class I loci, including HLA-A, -B, and -C, is associated
with the delayed onset of AIDS (9–11). It has been speculated
that the broader range of antigen presentation in individuals
heterozygous at class I loci confers immunological advantage
(9), which would be consistent with recent studies showing the
importance of host cytotoxic T lymphocytes (CTL) in disease
outcome (12–14). In particular, specific HLA-B antigens,
including HLA-B27, -B51, -B57, -B8, and -B35, have been

associated with different patterns of HIV-1-related disease
progression (10, 15–18).

All HLA-B molecules can be categorized by the presence of
a Bw4 or Bw6 molecular epitope. The Bw4 and Bw6 epitopes are
defined by two different amino acid sequences at residues 79–83
in the carboxyl-terminal end of the a1 helix (19) of the HLA class
I binding groove. Thus, individuals who are heterozygous for two
different HLA-B alleles may in fact be homozygous with respect
to the HLA-Bw4 or -Bw6 epitope of their HLA-B alleles (20, 21).
The amino acids that determine the Bw4 or Bw6 epitope form
the wall of the peptide binding groove adjacent to the F pocket,
which serves as the major anchor residue for most class I-
presented antigenic peptides (19).

Notably, HLA-B molecules encoded by HLA-B alleles with
the Bw4 epitope, but not the Bw6 epitope, serve as ligands for
natural killer cell inhibitory receptors (KIR). HLA C alleles
can also be divided into two mutually exclusive ligands for
KIR. Another potential inf luence of HLA on disease outcome
might therefore stem from the ability of certain HLA mole-
cules to function as killer inhibitory receptor ligands, or KIR
ligands. The loading of HIV-1 peptides onto HLA KIR ligands
could potentially interfere with the inhibitory effect of the
KIRs and thus favor the elimination of HIV-1-infected cells.
Such a mechanism has been shown to be involved in the killing
of cells infected with an experimentally introduced retroviral
vector (22).

Here, we examine the relationship between individual
HLA-B and HLA-Cw alleles and HIV-1 disease progression
and identify a significant association between homozygosity
for alleles that share the HLA-Bw4 molecular epitope with
profound control of HIV-1 viremia. Moreover, we demon-
strate an innate and independent advantage of individuals
homozygous for HLA-Bw4 alleles in the ability to remain
AIDS-free and to maintain normal CD4 counts 10 years after
infection in a patient cohort with well-defined dates of sero-
conversion. This association was independent of the presence
of a mutation in CC chemokine receptor 5 (CCR5) associated
with resistance to HIV-1 infection and independent of the
presence of HLA alleles (HLA-B27, -B51, -B57, -B8, and -B35)
that could potentially confound the results. Also, our data
suggest an independent association between HLA-B*44 and
control of HIV-1 viremia. These results thus provide an
example of the advantage of homozygosity for particular
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epitopes of specific HLA alleles and natural killer (NK) ligands
over heterozygosity in protection from AIDS.

Methods
Study Subjects. Thirty-nine HIV-1-seropositive subjects were
recruited, of whom 20 form a group of ‘‘controllers of vire-
mia.’’ This group was established at the Massachusetts General
Hospital in Boston, MA, and included patients identified
locally in Boston or nationally by other health care providers.
Controllers of viremia were classified on the basis of docu-
mented long-term infection with HIV-1, a viral load of less
than 1,000 HIV-1 RNA copiesyml plasma after 10 yr of
infection in the absence of antiviral therapy (23), and an
AIDS-free status on no antiretroviral therapy. Two individuals
had been infected for an unknown duration on no antiretro-
viral therapy, but for at least 4 (C-10) and 2 (C-20) yr with
repeated viral loads that were undetectable by the most
sensitive HIV-1 assay available at the time of testing. These
two individuals were categorized as controllers in this analysis
because they had a low to undetectable viral load in the
absence of therapy. These individuals could not be categorized
as long-term non-progressors because the duration of their
infection is unknown. That is, on presentation, they were
HIV-1 seropositive and could not date their infection and had
no previous HIV-1-negative tests. Data from the Multicenter
AIDS Cohort Study (23) indicate that individuals with such
low levels of HIV-1 RNA in the absence of therapy form a
unique subset of patients with an ability to control viral load
and have a strong likelihood of becoming long-term non-
progressors. Viral loads were determined by the Amplicor
RNA assay or by the Amplicor ultradirect HIV-1 RNA assay
(Roche).

Non-controllers of viremia were HIV-1-seropositive individ-
uals who had viral loads greater than 1,000. Although none of the
non-controllers of viremia had received protease inhibitors or
dual nucleoside therapy, a subset had received antiretroviral
monotherapy at some point in their disease course. All available
samples from controllers of viremia were analyzed, and an equiv-
alent number of non-controllers were randomly selected on the
basis of the outlined criteria and analyzed. HIV-1-seronegative
control individuals were anonymous unrelated Caucasian blood
donors to the American Red Cross (New England Region,
Dedham, MA).

There was unambiguous DNA-based or serologic HLA-B
typing available for 103 individuals from the San Francisco
City Clinic Cohort (SFCCC) who had not reached the study
endpoint (CD4 , 500 or diagnosis of AIDS) when they were
first evaluated. The SFCCC was a study of the natural history
of HIV infection and AIDS conducted among high risk men
who have sex with men (MSM) in San Francisco (24, 25). The
association of HLA-Bw4 and Bw6 genotype with progression
to the study endpoint was first assessed by using Kaplan-Meier
curves and the log-rank test. To take account of possible
confounding by the HLA-B8, -B27, -B35, -B51, and -B57
alleles, the independent association of HLA-Bw4yBw6 geno-
type with this endpoint was assessed by using three multiva-
riable Cox proportional hazards models (26). In the first, Bw4
homozygotes were contrasted with the combined group of
Bw4yBw6 heterozygotes and Bw6 homozygotes; in the second,
Bw4 homozygotes were compared with Bw6 homozygotes, and
in the third, the linear trend in risk across the Bw6yBw6,
Bw4yBw6, and Bw4yBw4 groups was examined (26). Relative
hazards were also adjusted for CCR5 heterozygosity.

HLA Class I Typing and Analysis and CCR5 Determination. Genomic
DNA was prepared from B cell lines or peripheral blood from
HIV-1-infected subjects and controls according to standard
techniques (27, 28). The HLA-B and HLA-Cw (27) loci were

typed by PCR-SSOP (PCR-single-stranded oligonucleotide
probes) as previously described (29). To solve ambiguous
PCR-SSOP typing results, we performed PCR-SSP (28) (se-
quence-specific primers) by using PCR-SSP kits (Pel-Freez
Clinical Systems) according to the manufacturer’s instructions.
The analysis of statistical significance was done by using the
Fisher’s exact test and 2 3 2 contingency tables, using the
INSTAT 2.01 computer program (GraphPAD, San Diego).

Characterization of the CCR5 status (wild-type or heterozy-
gous for the variant CCR5) of these individuals is from Smith et
al. (30).

Results
To determine whether specific HLA-B and HLA-Cw alleles
were associated with an enhanced ability to control HIV-1
viremia, we performed PCR-based DNA typing of HLA-B and
HLA-C alleles in a unique cohort of 20 individuals who were
spontaneously controlling viremia. All of these chronically
HIV-1-infected individuals, whom we term controllers, had
achieved documented viral loads of less than 1,000 RNA
copiesyml plasma in the absence of antiviral therapy. We also
determined the HLA-B and HLA-C alleles in 19 randomly
selected individuals who did not control HIV-1 viral load and
experienced progressive HIV-1 infection, whom we term
non-controllers.

The viral loads of the controllers of viremia ranged from ,40
to 999 RNA copiesyml, and CD4 counts ranged from 551 to
1234. The viral loads of the non-controllers ranged from 6,073
to 641,000, and CD4 counts ranged from 16 to 750 (Table 1). The
duration of documented infection at the time of evaluation
ranged from 2 to 20 yr for the controllers versus 1 to 15 yr in the
non-controllers, a subset of whom received single agent antiret-
roviral therapy (Table 1). There were no statistically significant
differences between age at diagnosis, gender, and race of the
controllers and non-controllers of viremia (Table 1).

The HLA-B antigens HLA-B27, -B51, and -B57 have been
associated with delayed progression to AIDS (1, 10, 11, 18). Of
these alleles, only HLA-B*57 was found significantly increased
in our controller of viremia group (Table 1). In this cohort, we
detected 7 HLA-B*57 alleles of a total of 40 alleles in the
controller group and found none among the 38 alleles in the
non-controller group (P 5 0.012, Table 1). Strikingly, we also
found a significant association between HLA-B*44 and control
of viremia; 8 HLA-B*44 alleles were detected of a total of 40
alleles in the controller group, as compared with 1 of 38 in the
non-controller group (P 5 0.03, Table 1). By contrast, HLA-B8
and -B35 have been associated with AIDS progression (1, 11, 15,
17). Among the non-controller group, we found 8 of 40 alleles
that are within HLA-B8 and -B35 antigen groups, whereas we
found only 1 among those controlling viremia (P 5 0.012, Table
1). Thus, our data support the previously reported association of
HLA-B*57 with delayed progression and the association of
HLA-B8 and -B35 with progression to AIDS in our cohort.
Moreover, we have detected a significant association between
HLA-B*44 and control of HIV-1 viremia. No clear associations
between HLA-Cw alleles with control or non-control of viremia
were observed (Table 1).

We next classified the HLA-B alleles of the controllers and
non-controllers according to their Bw4 or Bw6 epitope; HLA-
Bw4 but not -Bw6 serves as a KIR ligand that inhibits NK lysis
of autologous cells (31, 32). Remarkably, 10 of the 20 indi-
viduals who control viremia were homozygous for alleles that
share the HLA-Bw4 epitope, and we found no homozygous
Bw4 individuals among the 19 individuals who do not control
viremia (Table 1). Furthermore, the allele frequency of Bw4
is significantly increased in those controlling viremia, as
compared with the non-controllers (P , 0.0001) or to its
frequency in 108 HIV-1 negative blood donors (P 5 0.0001;
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Table 2). Moreover, the proportion of individuals with the
HLA-Bw4 homozygous genotype is also significantly increased
in the controllers, as compared with non-controllers of viremia
(P 5 0.0004) or to the HIV-1-negative control group (P 5
0.001, Table 2).

Two mutually exclusive groups of HLA-C alleles also serve
as KIR ligands (31, 32). We did not, however, find an
association between a particular HLA-C KIR ligand group
(group 1 or group 2) and the control of viremia (Table 1).
Thus, homozygous expression of the HLA-Bw4 NKB1 KIR
ligand was significantly associated with profound suppression
of HIV-1 viremia and protection from AIDS, whereas HLA-C
KIR ligands were not.

Our data led us to hypothesize that HLA-Bw4 homozygous
individuals would have an intrinsic advantage in delaying
HIV-1 disease progression. We therefore next investigated

whether HLA-Bw4 homozygosity was predictive of the ability
to maintain a normal CD4 count and to remain AIDS free in
the SFCCC, a cohort of high-risk men who had had sex with
men (MSM) with well defined dates of seroconversion. We
determined the presence of HLA-Bw4 or -Bw6 epitopes in 103
individuals from the SFCCC, and assessed their association
with time from seroconversion to disease progression. We
chose first CD4 count less than 500 or a diagnosis of AIDS as
the endpoints because these criteria have been used to assess
long-term non-progressor status at 10 yr after infection in this
cohort (25). In the course of follow-up, 87 (84%) study
participants reached these endpoints. As shown in Fig. 1,
Kaplan-Meier survival curves demonstrate that HLA-Bw4
homozygosity confers a significant advantage in avoiding
HIV-1 disease progression (P 5 0.003, log-rank test), as
compared with Bw4yBw6 heterozygosity and especially as
compared with HLA-Bw6 homozygosity.

Table 1. Characterization of HLA-B and HLA-Cw alleles in HIV-1-infected individuals with variable abilities to control viremia

Patient
ID Race Gender

Age at
diagnosis

Years of
documented

infection
Viral load

(RNA copiesyml)
CD4

count HLA-B alleles
HLA-B

epitopes
HLA-Cw
alleles

HLA-C KIR
ligands

C-1 C M 26 16 260 839 27y5701-4 Bw4yBw4 0202y0602 1y1
C-2 C M 33 16 360 608 27y4402 Bw4yBw4 0102-3y0501-2 2y1
C-3 C M 25 20 999 421 4402y51 Bw4yBw4 0501-2y14 1y2
C-4 C M 22 16 ,500 684 27y5701-4 Bw4yBw4 0602y12 1y2
C-5 AA M 25 16 ,50 898 4403y5201 Bw4yBw4 14y15 2y1
C-6 C M 35 12 ,40 1,009 5701-4y5701-4 Bw4yBw4 0602y0602 1y1
C-7 H F 29 8 ,400 1,016 4402y5701-4 Bw4yBw4 0501-2y07 1y2
C-8 C F 24 12 ,50 1,573 2701y5701-4 Bw4yBw4 0102-3y0602 2y1
C-9 C M 38 8 ,50 911 4402y5701-4 Bw4yBw4 0501-2y1801-2 1y1
C-10 C M 41 4 ,400 1,234 1524y27 Bw4yBw4 0202y0303 1y2
C-11 AA M 45 18 380 551 4403y18 Bw4yBw6 04y12 1y2
C-12 C M 27 20 300 778 4402y14 Bw4yBw6 0501-2y0801-4 1y2
C-13 C M 39 10 ,50 604 4402y18 Bw4yBw6 0501-2y07 1y2
C-14 C M 29 15 ,100 873 1301-3y4101-3 Bw4yBw6 0602y07 1y2
C-15 C M NA 10 100 1,196 1301-3y0702 Bw4yBw6 0602y15 1y1
C-16 AA F 35 12 ,400 620 07y1503 Bw6yBw6 0202y15 1y1
C-17 C M 19 21 ,50 668 07y4001 Bw6yBw6 03y07 2y2
C-18 C M 24 13 720 790 39y4001 Bw6yBw6 03y07 2y2
C-19 C M 27 10 150 679 08y14 Bw6yBw6 07y0801-4 2y2
C-20 H M 42 .2 ,40 642 35y4004 Bw6yBw6 03y04 2y1
NC-1 C M 47 12 57,000 430 27y07 Bw4yBw6 0202y07 1y2
NC-2 C M 28 8 53,000 612 1301-3y07 Bw4yBw6 0602y15 1y1
NC-3 C M 53 11 33,000 741 27y39 Bw4yBw6 0102-3y1701-2 2y1
NC-4 C M 25 4 247,000 449 3801-3y35 Bw4yBw6 04y12 1y2
NC-5 C M 26 9 248,000 217 1301-3y35 Bw4yBw6 04y0602 1y1
NC-6 C M 27 6 70,000 473 3801-3y35 Bw4yBw6 04y1202 1y2
NC-7 C M 27 7 6,073 302 4403y14 Bw4yBw6 0801-4y0102-3 2y2
NC-8 C M 49 3 45,000 ,50 3701-2y18 Bw4yBw6 14y0602 2y1
NC-9 C M 32 6 284,000 454 27y14 Bw4yBw6 0801-4y16 2y1
NC-10 H M 24 5 700,000 ,50 5201y15 Bw4yBw6 0102-3y0303 2y2
NC-11 C M 35 9 35,500 269 5201y14 Bw4yBw6 0801-4y1202 2y2
NC-12 C M 31 1 55,000 300 1503y35 Bw6yBw6 0303y04 2y1
NC-13 C M 49 11 641,000 613 07y08 Bw6yBw6 07y07 2y2
NC-14 C M 35 13 80,508 16 08y15 Bw6yBw6 04y07 1y2
NC-15 C M 33 4 290,000 ,50 07y39 Bw6yBw6 07y07 2y2
NC-16 C M 33 6 20,000 438 07y07 Bw6yBw6 07y07 2y2
NC-17 NA M NA 5 225,000 700 35y35 Bw6yBw6 04y04 1y1
NC-18 NA M NA 9 80,000 750 07y50 Bw6yBw6 0602y07 1y2
NC-19 C F 23 15 315,000 150 08y4001 Bw6yBw6 03y07 2y2

HIV-1 seropositive individuals who control HIV-1 viremia (controllers) or who do not control viremia (non-controllers) were typed for HLA-B and HLA-Cw
alleles. Race (Caucasian, C; African American, AA; hispanic, H), gender, and age at diagnosis is noted. The designation NA indicates that this data was not available.
The number of years of documented infection at the time that the viral load and CD4 count were evaluated is also noted. The HLA-B alleles were grouped into
HLA-Bw4 (Bw4) and HLA-Bw6 (Bw6) epitopes based on residues 79–83 at the carboxyl-terminal end of the a1 helix (19). The HLA-Bw4 alleles are shown in bold.
HLA-C allotypes (group 1 or group 2) are based on residues 77 and 80 of HLA-C previously described (31). All genotyping was performed without knowledge
of the disease status of the individuals analyzed.
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The HLA-B antigens previously associated with slower disease
progression (HLA-B27, -B51, and -B57), all share the HLA-Bw4
epitope whereas antigens previously associated with rapid pro-
gression (HLA-B8 and -B35) share the HLA-Bw6 epitope. To
investigate any potential confounding effects created by the
presence of HLA-B27, -B51, -B57, -B8, and -B35 on the observed
association of Bw4 homozygosity and protection from HIV-1
disease progression, we performed multivariable Cox propor-

tional hazards models to adjust for their presence in the SFCCC
cohort. The number of individuals in this group was large enough
to perform this analysis whereas the numbers of controllers and
non-controllers analyzed in Table 1 did not allow us to investi-
gate confounding effects.

After correction for the potential confounding effects of
HLA-B27, -B57, -B51, -B35, and -B8 in the SFCCC, we found
that Bw4 homozygotes were at lower risk for HIV-1 disease

Fig. 1. HLA-Bw4 homozygosity confers a significant advantage in avoiding HIV-1 disease progression at all time points after seroconversion. Kaplan-Meier
survival curves for time to CD4 count less than 500 or diagnosis of AIDS according to HLA-Bw4 homozygosity, HLA-Bw4yBw6 heterozygosity, or HLA-Bw6
homozygosity among 103 SFCCC study participants. Each curve becomes fainter at the point where less than half the subgroup remains at risk.

Table 2. Genotype and allele frequencies of HLA-Bw4 and HLA-Bw6 in HIV-1-infected individuals with variable abilities to control
viremia and in HIV-1-negative control individuals

HLA Total

Genotypes Alleles

Bw4yBw4 f P Bw4yBw6 f P Bw6yBw6 f P Bw4 Bw6 P

Controllers 20 10 0.5 5 0.25 5 0.25 0.62 0.38
Non-controllers 19 0 0 0.0004 11 0.57 0.05 8 0.33 0.3 0.29 0.71 ,0.0001
HIV-1-negative 108 16 0.15 0.001 57 0.53 0.02 35 0.32 0.6 0.41 0.59 0.0001

The frequencies ( f ) of HLA-Bw4 and HLA-Bw6 in 20 individuals who control viremia (controllers), 19 individuals who do not control viremia (non-controllers),
and 108 uninfected control (HIV-1-negative) individuals are shown. P values compare genotype and allele frequencies of controllers versus non-controllers and
controllers versus HIV-1-negative individuals. The 108 uninfected controls are from a Caucasian database from New England. Two of the controller individuals
were infected for an unknown duration on no antiretroviral therapy, but for at least 4 (C-10) or 2 (C-20) years with repeated viral loads that were undetectable
by the most sensitive HIV-1 assay available at the time of testing. We note that, even if these two individuals are excluded from the analysis, the association
between Bw4 homozygosity and control of viremia remains statistically significant. The frequency of HLA-Bw4 and HLA-Bw6 alleles that we found is reflective
of their frequencies in other ethnic groups (41).
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progression than the other two genotypes as a group (Table 3,
Model 1), and in particular at lower risk than Bw6 homozygotes
(Models 2 and 3). Both the contrast with Bw6 homozygotes and
the trend in risk across the three genotypes are highly significant
(Table 3). Because a polymorphism in the chemokine receptor
gene CCR-5 is associated with resistance to HIV-1 infection and
disease progression (30, 33, 34), we next investigated whether
this polymorphism was potentially confounding our observation
that Bw4 homozygotes were at lower risk for HIV-1 disease. As
shown in Table 3, when our data were adjusted for the presence
of the variant CCR5 gene, the HLA-Bw4 advantage remained
significant (Table 3). Moreover, the effect of HLA-Bw4 homozy-
gosity that we detected in the Kaplan-Meier analysis was slightly
larger than the protective effect of CCR5 heterozygosity in this
cohort (data not shown). We conclude that homozygosity for
HLA-Bw4 is strongly and independently associated with slower
HIV-1 disease progression.

Discussion
Previous studies have identified genetic polymorphisms in che-
mokine receptor genes that encode molecules critical for HIV-1
entry into host cells (30, 33–35). Other studies have identified
independent HLA associations with susceptibility or resistance
to HIV-1 disease progression after infection with the virus has
occurred. Here, we have shown a significant association between
HLA-Bw4 homozygosity and the ability to spontaneously control
HIV-1 replication in vivo and the maintenance of a normal CD4
count and an AIDS-free clinical status. Moreover, this effect was
independent of the presence of a mutation in CCR5 associated
with resistance to HIV-1 infection and independent of the
presence of HLA alleles that could potentially confound the
results.

Heterozygosity at HLA loci is thought to confer on an
individual an advantage in immune containment of infectious
diseases, including HIV-1 (9), because of the larger array of
peptides that can be potentially presented by diverse HLA
molecules. Our data indicate that not all homozygotes are
at a disadvantage in fighting an infectious disease challenge.
In the case of protection from AIDS, homozygosity for
HLA-Bw4-bearing B alleles is associated with a significant
advantage.

We note that, among the controllers of viremia group, there
are five individuals who are homozygous for HLA-Bw6 alleles.
Only one of these Bw6 homozygous individuals (C-17), who has
been infected for 21 years, was typed for the CCR5 variant that
confers advantage in HIV-1 infection and disease progression
and was found to be negative for this CCR5 variant (data not
shown). Taken together, these observations emphasize that the
ability to control viremia is multifactorial and that additional
genetic advantages remain to be discovered.

Intriguingly, whereas the HIV-1 viral product Nef selectively
down-regulates the expression of HLA-A and HLA-B molecules

in vitro (36, 37), this phenomenon has not been demonstrated in
vivo in HIV-1-infected patients. Furthermore, HIV-1-specific
CTL clones isolated from HIV-1-seropositive patients carrying
different class I phenotypes have significant activity against
several HIV proteins, including Nef (38). Thus, the role of Nef
in CTL and in HLA class I regulation in vivo remains to be
determined. Moreover, there is no evidence to date that Nef
differentially modulates the activity of HLA-Bw4 and -Bw6
alleles. Taken together, we conclude that the HLA-Bw4 advan-
tage does not involve a Nef-dependent mechanism.

We have also found in the context of this small case-control
study a novel association between HLA-B44 and control of
HIV-1 viremia. This association was not observed in the
SFCCC, and thus it needs to be confirmed in other cohorts.
Notably, HLA-B44 and the other HLA-B alleles associated
with better outcome in HIV infection (HLA-B27, -B51, and
-B57) are all of the Bw4 specificity, whereas the HLA-B alleles
(HLA-B8 and -B35) associated with a worse outcome are of
the Bw6 specificity. There are a number of different potential
mechanisms for the apparent protective effect. It is possible
that viral peptides that bind with greater affinity to B alleles
that share the Bw4 specificity elicit more effective HIV-1-
specific CTL responses than alleles that share the Bw6 spec-
ificity. Support for this hypothesis is provided by studies of
HLA B*0801 and B*0802, which differ only in their Bw4 or
Bw6 specificity. HLA-B*0802, which has the Bw4 epitope, is
associated with a broader repertoire of endogenously bound
peptides interacting with the F pocket (39) than is B*0801,
which has the Bw6 epitope. Thus, peptides that bind to
HLA-Bw4 alleles may prove useful in peptide-based vaccine
development.

In addition to their role in peptide presentation, another
potential advantage of homozygosity of HLA-Bw4 is related to
the role of this motif as a specific ligand for NK cell inhibitory
receptors, or KIRs, which inhibit NK lysis of autologous targets
(40). Interestingly, a recent report demonstrated that binding of
a virally encoded peptide presented in the context of HLA-Bw4
alleles, but not HLA-Bw6 alleles, blocks the NK inhibitory
receptor, which resulted in the NK-mediated autologous lysis of
the infected cell (22). It is thus intriguing to speculate that the
presentation of HIV-1 peptides by HLA-Bw4 alleles may block
the inhibition of NK lysis, resulting in the enhanced NK lysis of
infected cells, which could thereby influence HIV-1 viremia and
subsequent progression to AIDS.
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Table 3. HLA-Bw4 is independently associated with the ability to maintain a normal CD4 count and to remain AIDS free

Model

Not adjusted for CCR5 Adjusted for CCR5

RH 95% CI P RH 95% CI P

Bw4yBw4 vs. Bw4yBw6 1 Bw6yBw6 0.43 0.21–0.87 0.02 0.39 0.18–0.85 0.02
Bw4yBw4 vs. Bw6yBw6 0.31 0.14–0.70 0.005 0.29 0.12–0.71 0.007
Trend across genotypes 0.34 0.16–0.72 0.004 0.35 0.16–0.77 0.009

Adjusted relative hazards (RH) for progression to CD4 count ,500 or diagnosis of AIDS. Results are shown for 103 participants in the SFCCC who had
well-defined dates of seroconversion and unambiguous HLA-B typing, but had not reached the endpoint when first evaluated. In model 1, Bw4 homozygotes
are compared with the other two groups combined. In model 2, the Bw4yBw4 and Bw6yBw6 homozygote groups are compared. In model 3, the trend in risk
from Bw6yBw6 to Bw4yBw6 to Bw4yBw4 is examined. All estimated RH are adjusted for the presence of HLA-B8, -B27, -B35, -B51, and -B57 alleles.
Characterization of the CCR5 status (wild-type or heterozygous for the variant CCR5) of these individuals is from Smith et al. (30), and relative hazards on the
right are also adjusted for CCR5 heterozygosity. CI, confidence interval.
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