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m Abstract Genetic resistance to infectious diseases is likely to involve a com-
plex array of immune-response and other genes with variants that impose subtle but
significant consequences on gene expression or protein function. We have gained con-
siderable insight into the genetic determinants of HIV-1 disease, andLltAelass |

genes appear to be highly influential in this regard. Numerous reports have identified
a role forHLA genotype in AIDS outcomes, implicating maHyA alleles in various
aspects of HIV disease. Here we reviewltigA associations with progression to AIDS

that have been consistently affirmed and discuss the underlying mechanisms behind
some of these associations based on functional studies of immune cell recognition.

INTRODUCTION

HIV/AIDS is a leading cause of infectious disease mortality worldwide. The cur-
rent epidemic has killed over 21 million people (http://www.who.int/infectious-
disease-report). At its current rate of approximately 3 million deaths per year, HIV
will soon have caused more deaths than any other disease epidemic in recorded
history. The virus is transmitted at an astounding rate in developing countries, ac-
counting for 92% of the 5.3 million new cases of HIV infection worldwide. These
statistics stimulated intensive research conducted over the past two decades to un-
derstand HIV pathogenesis in order to control infection and disease progression.
The fruits of these efforts have not yet conquered the spread and severity of disease,
particularly in underdeveloped countries, but we have learned more about this virus
and its interactions with host cells than perhaps any other pathogen, strengthening
our potential to devise intelligent, efficacious regimens for controlling the virus.

*The U.S. Government has the right to retain a nonexclusive, royalty-free license in and to
any copyright covering this paper.
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As is the case for all infectious diseases, the level of resistance to HIV among
exposed individuals is a function of the genetic variability of the pathogen, envi-
ronment, and host. The exceedingly high mutation rate of HIV-1 (1-3) is a primary
factor in the ability of the virus to ultimately escape elimination by an acquired
immune response (4) and greatly complicates studies of viral isolate effects on
disease pathogenesis. The variability in the viral genome is clearly demonstrated
in the SIV/macaque model (5, 6), which enables infection with a single isolate of
SIV in a controlled setting. These studies have indicated the plasticity of the virus
in its ability to subvert host immune control. Immune avoidance and HIV's ca-
pacity to safely sequester itself from powerful antiretroviral therapy are profound
survival mechanisms for this virus.

Defining host genetic factors that influence the response to HIV provides the
means for predicting rates of disease progression and also suggests modes of
pathogenesis that can lead to the development of therapeutics. A growing list of
host genetic effects on HIV disease has been accumulating over the past several
years (7-10), all of which were identified using a candidate gene approach. For the
most part, genetic polymorphisms associated with AIDS progression or specific
disease outcomes have involved genes encoding receptors for viral entry into cells
and molecules that participate in innate or acquired immune responses. Although
the influence of individual loci on AIDS progression tends to be weak in most
cases, their cumulative effects appear quite substantial (7, 10). Among the dozen
or so genetic effects of AIDS progression that have been substantiated in multiple
study cohorts, thelLA class | loci clearly have the strongest effects on HIV disease
progression identified to date. These epidemic influences can be interpreted in a
functional context that affirms the importance of cytotoxic T cell responses in
controlling HIV. Here we review the genetic effectshif A class | and Il loci on
HIV disease, in the context of functional data when possible.

HLA AND DISEASE

The human major histocompatibility complex (MHC) maps to the short arm of
chromosome 6 and contains the most polymorphic loci in humansiltheclass

I and class Il genes (11, 11&JLA gene products are fundamental to acquired im-
mune responses. The classical class | IHtIA-A, -B, and-C, encode molecules
that bind antigenic epitopes usually derived from intracellular pathogens and
present them to CD8T cells, thereby initiating a cytotoxic T cell response. The
classical class Il lociHLA-DR, -DQ, and-DP, specify molecules that primarily
bind peptides of extracellular origin and present them to €D4ells, resulting in
cytokine production and T cell help in antibody production. The extensive allelic
polymorphism in HLA molecules is concentrated primarily among amino acid po-
sitions that determine specificity for foreign peptide presented by HLA cell surface
molecules to T cell receptors (12, 13). The extraordinary diversity at these pep-
tide binding residues of the HLA molecules is believed to be maintained through
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natural selection by infectious disease morbidity and mortality (14, 15), and it en-
sures that, as a species, we are capable of resisting a wide variety of pathogens.
Three models have been proposed to explain maintenartiefopolymorphism:

(a) balancing selection, where alleles that confer resistance to one disease confer
susceptibility to anotherpj heterozygote advantage, where an increasing number

of unique HLA types increases the breadth of peptide recognition and immune
defense against infectious organisms (16); ahétéquency-dependent selection,
where a pathogen has evolved to escape an efficientimmune response mediated by
common alleles in the population but remains susceptible to responses mediated by
low-frequency alleles. In addition, new selectively neutral or near-neutral variants
can be maintained by hitchhiking effects of adjacent selected sites by opportunistic
linkage association. Each of these mechanisms has probably been operative under
various historic circumstances.

The MHC contains about 128 expressed genes, 40% of which encode products
that function in the immune response (17). Polymorphisms have been identified
in many of the genes, although except for the classical class | and Il loci, few data
support any functional significance for most of these variants. Common variants
of the human antigen transporter proteins, the product®\eflandTAP2genes,
are not associated with any apparent alteration in function (18). Thus, putative
associations between AIDS and hunigkP variants are probably due to linkage
disequilibrium with neighboring disease loci (19). By contrast, specific variants
of rat TAP genes do affect the type of peptide transported into the endoplasmic
reticulum by the TAP molecules (20). Considering the large number of functionally
related loci mapping within the MHC and the strength of linkage disequilibrium
among these loci (21, 22), it is often difficult to conclusively identify a specific
disease locus within the MHC using genetic association studies in the absence of
supporting functional data.

Over 100 diseases have been associated wittHth% loci, many of which
are autoimmune in nature (23) and virtually all of which are multifactoHalA
associations with infectious diseases have been difficult to identify, perhaps be-
cause a more complex array of antigenic epitopes is involved in infectious disease
pathogenesis. Conclusive association studies regarding the influehtteAain
infectious disease require large samples, proper ethnic-background stratification,
accurate clinical information, and use of models that consider other known ge-
netic effects on the disease. Fulfilling these criteria completely is often difficult;
numerous allelic associations with infection and disease outcomes have yet to be
confirmed. Nevertheless, a number of convindifigA class | and class Il associ-
ations with infectious diseases have been identified (24). The protective effect of
HLA-B*53 against severe malaria in West Africa is particularly notable and may
be responsible for the high frequency®f53 in this region (25). Other consis-
tentHLA associations with infectious disease include susceptibility conferred by
HLA-DR2 antigens in mycobacterial diseases (26, 27), immunological clearance
of hepatitis C virus conferred lpQB1*0301(28-30), and clearance of hepatitis
B virus among individuals wittbRB1*1302(31, 32).
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HIV/AIDS has been scrutinized extensively for effects conferretibgp. HLA
associations with HIV disease may be particularly apparent upon investigation,
since the epidemic is recent and has not had time to significantly diminish fre-
quencies of deleterioudLA alleles (19). Over 50 publications have described
genetic associations betweldhA and various aspects of HIV infection, but many
relied on small samples and their findings were not confirmed in subsequent stud-
ies. Many of these studies have been thoroughly reviewed (33—-35). The remainder
of this article describes the most consisteihtA associations with HIV disease
and functional data supporting observed genetic effects.

CLASS T HETEROZYGOTE ADVANTAGE AGAINST
HIV DISEASE PROGRESSION

The hypothesis of overdominant selection (heterozygote advantage) proposes that
individuals heterozygous at tHeLA loci present a greater variety of antigenic
peptides to T cells than do homozygotes, resulting in a more productive immune
response to an array of pathogens (36, 37). Because of the extensive polymorphism,
fairly even distribution of alleles at most of these loci (14, 15), and low allele
frequencies, few individuals are homozygous at more than one locus. Detection
of overdominant selection at tHéLA loci would therefore require particularly
large numbers of subjects, and the analysis would have to take into account other
HLA effects (i.e., allelic, haplotypic, or genotypic) that could mask the influence
of zygosity.

Using a cohort of 498 HIV-1-infected individuals with known dates of sero-
conversion, we tested the hypothesis that maximum diversity in the repertoire of
antigen-presenting molecules is advantageous in delaying progression of AIDS af-
ter HIV infection (38). The results demonstrated a highly significant association of
HLA class | homozygosity with rapid progression to AIDS in both Caucasians and
African Americans. All three class | loci contributed independently to the associa-
tion, and the effect was most pronounced in individuals who were homozygous at
two or three loci. A more recent analysis of 1060 individuals from the same AIDS
cohort studies confirmed the effects of homozygosity at one, two, and three loci on
AIDS progression (Figure 1). Similar results were observed for homozygosity at
HLA-AandHLA-Bin 140 Dutch homosexual men and 202 Rwandan heterosexual
women infected with HIV-1 (39). A stronger association between homozygosity
and disease progression was observed atti#eBlocus in the Amsterdam cohort
and at theHLA-A locus in the Rwandan samples, and no effect was observed for
homozygosity at thélLA-C locus in either of these cohorts.

One explanation for the effect of zygosity on AIDS progression is that heterozy-
gotes can present a broader range of HIV-1 peptides, thereby prolonging the time
it takes for an escape mutant to arise. Conclusive data that support viral immune
escape from cytotoxic T lymphocyte (CTL) responses have been generated us-
ing the rhesus monkey model (5, 6), lending indirect support for an interpretation
that implicates heterozygote advantage among individuals infected with HIV (38).
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Figure 1 Association between homozygosity at one or mdt& class | loci and progres-

sion to the outcomes) AIDS in 1987 andf) AIDS in 1993. Seroconverters from all ethnic
groups (see Reference 38 for cohorts used) were used in the Kaplan Meier and Cox propor-
tional hazards model (38). Relative hazards (RH) and the correspopmdalges calculated

by the Cox model are given for the singly and multiply homozygous groups compared with
the completely heterozygous group. Racial groups were combined because there is no a priori
reason to expect that a zygosity effect would vary across ethnic group.

However, other explanations for these results should also be considered, partic-
ularly in light of HIV-1's extremely rapid mutation rate (1-3). In this regard,
frequency-dependent selection, where pathogens evolve under selection pressure
from commonHLA types to avoid a protective immune response conferred by
these types (40, 41), could potentially explain the susceptibility effect of class |
homozygosity. The model would predict that anyone who has two common alleles
at one or more class | loci would be at greater risk for disease progression than in-
dividuals who have at least one infrequent allele at these loci. Sineié Altlass |
homozygotes necessarily involve the most common alleles in the study population,
HIV pathogenesis would be enhanceddbA homozygotes. If indeed frequency-
dependent selection is operating in HIV pathogenesis, then a positive correlation
should exist between susceptibility and number of common alleles at the class | loci
per individual, and this effect should be stronger than th&tloh homozygosity.

ALLELIC EFFECTS OF HLA CLASS I ON AIDS PROGRESSION

Identifying genetic associations with HIV disease, particularly with loci as diverse
asHLA, is complicated by extreme heterogeneity in the clinical course of AIDS
progression, as well as in the differential incidence of HIV-1 infection among ex-
posed individuals in different risk groups (42—-46). Nevertheless, data replicated in
independent cohort studies have implicated involvement of certain class | alleles in
protection/susceptibility to AIDS progression (Table 1). These include a delay
in AIDS progression associated witlLA-B*27 andB*57 (19, 47-50) (Figure 2)

and an acceleration of AIDS onset conferred®5g5 (48, 51-54). Studies of CTL
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Figure 2 HLA-B*27andB*57 protection against progression &) AIDS in 1993 and lf)
AIDS in 1987 among Caucasian patients. Relative hazards (RH) ealdies are given for
B*27 andB*57 compared with genotypes negative for these alleles.

activity restricted by some of these HLA-B molecules have begun to provide the
functional basis for several of the observed genetic effects (see below).

Although less consistently, and sometimes only in the presence of alleles at other
MHC loci, studies have suggested thitA-B*51 and-B*08alleles also influence
resistance and susceptibility, respectively, to disease progression (33, 34). Suscep-
tibility conferred byHLA-B*08 may explain previous reports of rapid progression
to AIDS among individuals with the haplotypi A-A1-Cw7-B8-DR3-DQ2vhich
is reknowned for its association with multiple autoimmune diseases (23).

All HLA-B molecules express one of two mutually exclusive serological epi-
topes termed Bw4 and Bw6, which are distinguished by variable amino acids
within the motif spanning amino acid positions 77-83 (55). Md&A-B alleles
identified as having protective effectsl(A-B*27, B*57) carry the Bw4 specificity,
whereas alleles associated with susceptibilitizA-B*35, B*08) tend to have the
Bw6 specificity. A recent report has suggested that protection against AIDS pro-
gression characterizes the Bw4 group of alleles as a whole when any two copies of
Bw4 are present (56), although alternative epidemiological and mechanistic inter-
pretations for these findings are possible (35). Nevertheless, the Bw4 association
raises the intriguing possibility that natural killer cells are involved in regulating
AIDS progression, since HLA-B molecules with the Bw4 motif not only present
specific peptides to T cells but also serve as ligands for one of the natural killer
cell receptors, KIR3DL1 (57).

HLA-B*57

Among the protectivelLA effects identified to date, one of the most consistent ge-
netic epidemiological associations has been Witi-B*57(19, 35, 47, 48, 54, 58).
Figure 2 illustrates a recent survival analysisHefA-B*57 andB*27in our AIDS
cohorts. Recent studies have addressed the functional significance Bf5he
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genetic association with long-term nonprogression to AIDS, and although no
mechanism has been compellingly demonstrated, severalinteresting characteristics
of this molecule have been reported. CTL responses restricted by B57 molecules
target multiple HIV-1 peptides, with predominant responses observed against gag
and reverse transcriptase motifs (59, 60). The Caucasian B5701 and the closely re-
lated African B5703 molecules both exhibit broad cross-reactivity againstcommon
and rare variants of a dominant gag epitope (61). Strong B57-restricted CTL re-
sponses can also occur against overlapping peptides of differentlength (62), further
suggesting B57 plasticity in peptide binding. The broad peptide recognition speci-
ficity of B57 may enhance its AIDS-protective nature, although cross-reactivity
against HIV peptide variants has been shown for other HLA types as well (63—65).
Dominant HIV-specific CTL responses among long-term nonprogressors who
carry B*57 primarily involve CTL epitopes restricted by HLA-B57 rather than
epitopes restricted by other HLA types (60). Similarly, a protective effect 57B
restricted responses was observed in a study comparing honprogressors and rapid
progressors to AIDS among subjects carryindgB(47). CD8 T cell responses
of slow progressors were directed primarily towartbB-restricted gag peptides,
whereas B57-positive patients who progressed to AIDS rapidly displayed a con-
siderably broader response to gag peptides (47). Taken together, these studies
suggest that viral escape from &8 -restricted CTL response may be difficult,
extending the B57 carrier’s resistance to the deadly march of HIV-1.

HLA-B*27

HLA-B27-restricted CTL responses to the HIV peptides recognized by these HLA
molecules have been studied thoroughly, providing a plausible explanation for the
observed protective epidemiological effecBé27. Animmunodominant response

to a conserved HIV-1 epitope in p24 gag occurs in patients who carry HLA-B27
(66, 67), and this HLA-peptide complex is stabilized by the interaction between
an arginine residue at position 2 of the HIV-1 peptide (position 264 of gag) and the
B pocket of the B27 molecule (67—69). A viral gag amino acid substitution from
arginine (R) to lysine (K) or glycine (G) at this same position results in a peptide that
binds poorly to B27 (66, 70). This mutation correlates with a faster descentto AIDS
in B27-positive individuals (66, 71), indicating that it may enable viral escape from
B27-restricted CTLs. Evidence suggests that additional, compensatory mutations
in the gag protein may be required in order for the virus to maintain replication
fithess (71). The additional neighboring mutations may not compensate completely
for the cost of R264K or R264G substitutions to viral fithess, however, since after
the loss of the CTL response to the epitope and in the presence of high viral load,
reversion to wild type occurs. The correlation between mutational viral escape
from B27-restricted CTL responses and disease progression was also reported
in a mother-infant transmission study (72). B27-positive mothers infected with
HIV escape mutants involving the gag epitope transmitted these variants to their
infants perinatally, resulting in the failure of the infected infants to contain HIV
replication. Overall, the data indicate that the observed protective genetic effect
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of B27 is due to its recognition of an HIV-1 gag epitope that is under structural
restraint to remain intact and demonstrate the strong selection pressure certain
HLA molecules can exert on the HIV mutational immune escape.

Individuals withHLA-B*27 and-B*57 also appear to respond more robustly to
vaccines against HIV-1. CTL reactivity to ALVAC-HIV recombinant canarypox
vaccines among a group of 291 HIV-1-negative subjects was more pronounced
among individuals wittB*27 or B*57than among those with othElLA types (73).
Whether this extends to protection against infection in the face of HIV exposure
remains to be determined.

HLA-B*35

HLA-B*35, which is almost always found in haplotypic association v@thk 04,

is the allotype most consistently implicated in susceptibility to AIDS progression
(38, 51-53). Analysis of 474 seroconvertersHiirA class | allelic effects revealed
only two alleles,B*35 and Cw*04, among 63 assessed, that showed highly sig-
nificant association with disease progression in Caucasians ¢30) but not
African-Americans f = 144) (38). The difference observed between the two
ethnic groups raised the question of whetB&35, Cw*04, or some other locus in
linkage disequilibrium with these alleles accounts for accelerated AIDS progres-
sion. A subsequent study of 559 Caucasians and 210 African-Americans provided
evidence that the operative locus was indéf#tdA\-B (48). In this study,B*35
subtypes were divided into two groups according to peptide-binding specificity:
(a) the HLA-B*35-PYgroup, composed of two closely relateld A-B*35 alleles
(including the most commoB;*3501), which bind epitopes with proline in position

2 and tyrosine in position 9 (74, 75); ano) the more broadly reactivi*35-Px
group, which also binds epitopes with proline in position 2 but accepts several
amino acids other than tyrosine in position 9. The data showed that accelerated
AIDS progression amonB*35-positive individuals was completely attributable

to theB*35-Pxalleles (Figure 3). The demonstration that Bi&@5 susceptibility
effect is partitioned exclusively and specifically according to peptide recognition
(i.e., x or Y in position 9 of viral peptide) offers compelling evidence tR&25

itself confers rapid progression to AIDS (48).

The dichotomy of B35-Px versus B35-PY peptide recognition and AIDS sur-
vival outcome would also explain the absence @&*85 association with rapid
progression in African-Americans (Figure 3), sirl88501, the principalB*35
allele present in this ethnic group, belongs toB485-PYgroup, which had no ef-
fect on AIDS progression. FurthermoreCa*04 association reported previously
in both Caucasians and African-Americans (38) is probably due to its linkage dis-
equilibrium with B*35-Pxalleles, since the pace of AIDS progression in patients
with Cw*04 but withoutB*35-Pxsubtype alleles is indistinguishable from that in
patients withouCw*04.

A possible explanation for rapid AIDS progression among individuals with
B*35-Pxis that these alleles do not bind HIV peptides and fail to mediate a protec-
tive response in HIV-infected individuals. That&,35-Pxwould be equivalent to
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Figure 4 Susceptibility effect oHLA-B*35-Pxrelative toHLA-B homozygosity on pro-
gression tog) AIDS-1987 andlf) AIDS-1993 among Caucasian patients. Relative hazards
(RH) andp values are given for patients with one copyRif35-Px(red curve), and ho-
mozygotes for thélLA-Blocus only, relative to all other patients.

anHLA-Bnull allele. If this were so, then heterozygotesBd85-Pxwould be func-
tional hemizygotes and thus equivalent to homozygotes for any allele diiAeB
locus. However, the rapidity of AIDS progression amd@i@5-Pxheterozygotes
is far greater than that observedHh A-B homozygotes (Figure 4). Thus, we con-
clude thatB*35-Pxalleles exert an actively negative effect in AIDS pathogenesis.
TheB*35analysis indicates that a single amino acid change in HLA molecules
has a substantial effect on the progression to AIDS. The B3501 (PY) and B3503
(Px) molecules differ by a single amino acid at position 116 (Figare)3which
forms the floor of the peptide-anchoring F pocket, determines the size of the
peptide carboxy-terminal residue, and directly interacts with residue P9 of the
bound peptide (76—78). Variation at this position is critical not only in determining
peptide preference but also in facilitating interaction between HLA class | and the
peptide-loading machinery inthe endoplasmic reticulum for optimizing the peptide
repertoire (79-81). Substitutions at position 116 also have been associated with an
increased risk for transplant-related death (82), highlighting the clinicalimportance
of amino acid variation at this site. The different consequences of B3501 (PY) and
B3503 (Px) in terms of AIDS progression emphasize the significance of amino
acid differences at position 116. However, other amino acid differences between
the B*35-Pxand-PY groups also appear to distinguish the groups functionally,
since B5301, a member of the B35-Px group, is identical to B3501 (-PY group) at
position 116.

INFLUENCE OF HLA ON RESISTANCE TO HIV INFECTION

The influence oHLA loci on resistance to HIV infection has been difficult to
assess, since HIV exposure is very difficult to quantify precisely. Still, an increas-
ing amount of genetic data has consistently indicated a protective rdifisin
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HIV transmission and infection (83-86). In a mother-infant study from Nairobi,
Kenya, a progressive increase in the risk of perinatal HIV-1 transmission was
observed for each additional concordbthtA class | allele transmitted to the off-
spring (83). An Edinburgh study of heterosexual transmission found similar results
(84). These studies suggest that allogeneic immune responses may be protective
against HIV transmission in a dose-dependent manner. However, no protection of
mother-infantHLA discordance was observed among perinatally uninfected chil-
dren who subsequently became infected from breastfeeding (83), suggesting that
HLA-mediated responses may not be as effective against HIV challenge through
the gastrointestinal mucosa.

Functional groupings of HLA molecules, known as supertypes, have been pro-
posed based on similarity in structure, peptide-binding motif, epitope presentation,
and evolutionary affinity of class | molecules (87—89). The A2/6802 supertype,
composed oA*0202 A*0205 A*0214 andA*6802 was shown to be significantly
associated with decreased frequency of HIV-1 seroconversion among a cohort of
highly HIV-exposed prostitutes in Nairobi (86). This same set of supertype alle-
les (along with theA*0201 allele, which was not significant in the sex workers
study) conferred decreased perinatal HIV infection risk in the Nairobi mother-
infant cohort, a subset of which showed the protective effect of HLA discordance
between mother and child described above (85). These studies indicate that HLA
may be involved in resistance to HIV transmission, and the possibility of a role
for differential cell-mediated immune response in this resistance is tantalizing.

Functional analyses of CD8T cell responses in individuals resistant to HIV-1
infection complement genetic studies that indicate protective effetiAfclass
I loci in clearing the virus. HIV-specific CTL responses have been identified in
a group of seronegative prostitutes from the Gambia (90), responses that persist
for several years of follow-up. More recently, highly exposed seronegative pro-
stitutes from Nairobi were shown to exhibit CTL responses to multiple conserved
HIV epitopes, some of which are presented by HLA molecules associated with
resistance to infection in this group of women (91). HIV-specific mucosal CTL re-
sponses were stronger in the seronegative Nairobi prostitutes than in HIV-infected
donors (92), suggesting that CTL activity in the genital mucosa may play a key
role in protection against heterosexual HIV-1 transmission. Consistent antigenic
exposure appears to be necessary in order to maintain an effective HIV-specific
CTL response (93).

HLA CLASS 11 AND PROGRESSION TO AIDS

Genetic epidemiological associations between HIV diseaséladdclass Il loci

have not been as strong as those observed for class |, suggesting that cell-mediated
immunity may be more effective than humoral (i.e., mediated by class Il HLA
molecules) immunity. Several genetic studies have tested for the involvement of
HLA class Il alleles, although consistent associations across study cohorts have
been lacking (33,34)DRBT13 has been reported to confer a protective effect
(94, 95), but in other studies, two haplotypes containing this allele have been
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associated with increased risk of AIDS progression (19, 96). Inadequate sample
size, contributing to significant but not generalizable associations, probably ac-
counts for the discrepant results. In a recent study of 21 acutely HIV-1-infected
patients receiving combination antiretroviral drugs, HieA class 1l haplotype
DRBX13-DQBX06 was present only among individuals who maintained virus
suppression at every time point measured post-treatment (97). Viral suppression
among individuals with this haplotype correlated with higher mean lymphoprolif-
eration and gamma-interferon production relative to that observed among patients
with other haplotypes. Such studies, in which genetic epidemiological data are cor-
related with functional measurements, provide solid evidence for the involvement
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of specificHLA class Il alleles in resistance to HIV-1.
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Figure 3 Susceptibility effect of HLA-B*35-Px on progression to AIDS among
(a) Caucasian and (b) African American patients in 1987. Relative hazards (RH) and p
values are given for patients with one copy of HLA-B*35-PY (B*3501 or B*3508) (blue
curve), one copy of B*35-Px (B*3502, B*3503, B*3504, or B*5301) (red curve), and
patients with no B*35-Px or B*35-PY (green curve). Only patients who are heterozy-
gous for HLA-B were considered in the analysis, to exclude any effect of homozygosity
at this locus. (c) The B*35-PY molecules prefer to bind peptides with tyrosine (Y) at
the carboxy terminus, whereas the B*35-Px molecules have no single preference at
P9 (M/L) and do not bind peptides that have tyrosine at the carboxy terminus. This
difference may resultin an inappropriate response in patients with B*35-Px compared
to a relatively protective response in patients with B*35-PY.
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