HI.A and infection

Human leukocyte antigens (HLA) have been the sub-
ject of intensive research because Of their importance
in organ transplantation @nd the finding ©f many HLA
associations with autoimmune disorders. Although
their central role in the control of immune regpongive-
ness has long been appreciated’ it is Only recently that
the importance of HLA variation in determinir}g sus-
ceptibility te infectious diseases has been COIlfferEd.
Indeed it is now increasingly accepted that associations
of particular alleles with fatal infectious diseases have
led to the evolution of the extraordinary diversity of
HLA types that are observed in modern_day popula_
tions. I shall review here some of the gpproaches used
to define associations between HLA and infectious dis-

eases, and outline how these promise to be useful in

increasing °ur understanding °f protective immunity

against various infectious pathogens, and may eventu-
ally allow more rational vaccine design.

HLA molecules and genes

Human ]eukocyte antigens are cell surface glycopro-
teins expressed in the majority of tissues. They come
in two classes (Fig. 1). HLA class I antigens (HLA-A, -B
and -C), composed ©f = polymorphic heavy chain and
an invariant ]ight chain, (3 microglobulin, present pep-
tides (of 8 or 9 amino zcidg) derived from the break-
down of cytoplasmic proteins t© €D8 positive, often
cytotoxic, T lymphocytes [1, 2]. HLA class IT antigens
(HLA-DR, -DQ and -DP) comprise 2 and (} chains,
both of which p5 be polymorphic, aRd present pep-
tides (of perhaps 13-17 amino acids in length [3]) to
CD4 positive T lymphocytes which secrete various reg-
ulatory cytokines that stimulate macrophages 379 pro-
vide "help' for antibody formation [4], Peptides pre-
sented py class II molecules ygyally derive from
internalised exogenous antigens. Crystallographic
analysis of some HL.A molecules has provided an infor-
mative picture of their three-dimensional structure
[5]. & peptide binding groove, formed of two a helices
and a base of a p.pleated sheet, allows peptides of =

certain length and pinding affinity © Pe presented o
aT lymphocyte. The amino acids which gy, between

different HLA types cluster around this peptide bind-
ing groove so that different HLA molecules can bind
and present a different set of peptides.

The HLA geneg form part of the major histocompat-
ibility complex (MHC) o=n chromosome 6. The
arrangement of these highly polymorphic genes 2nd 2
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recent estimate of the number of alleles at each locus
is shown in Fig. 2 [6]. This extensive coding region
diversity i unequalled anywhere else in the genome

and the poggiple reaseons for this extraordinary diversi-
ty of MHC gepeg, seen in humans and most other ver-

tebrates gstudied, have generated considerable debate
amongst evolutionary geneticists. The distribution of
the sequence variation provides one clue: there are far
more amino acid changing substitutions in nucleotides
which code for residues forming part of the peptide
b:i.nding groove. This implies that natural selection
must have been acting o= this binding site to maintain
a diVerSity of structures which will bind different
tides [7],

pep-

There is evidence of specialisation within the class I
and class II families. HLA-C is the most weakly
expressed class I locus and HLA-C restricted T cells are
rare. HLA-B 1S more polymorphic than HLA-A and
might Pe functionally me=e important. HLA-DRBL is
the most polymorphic and mest highly expressed class
II locus and DR-restricted T lymphocytes are the most
readily isolated. Interestingly, however, many autoim-
mune disease associations may be primarily with DO
alleles and it has been speculated that thig may reflect

= particularly important role for DQ molecules in
shaping the repertoire ©f T cell receptor molecules
during lymphocyte development im the thymus [8].

HLA typing and disease associations

HLA typeg were first identified serologically, and for
almost two decades this remained the only means Of
distinguishing allelic types. A series of international
workshops ensured sufficient standardisation of these

reagents se that HLA typing by serological methods
became widely used: in renal transplantation match-
ing, in thousands of disease association gtudies, and in
anthropological comparisons ©f human popylations.
The diseases for which associations could be con-

firmed were often 'autoimmune' in pature, with few

other clues available as to pathogenetic processes, thus
providing @ spur T Sver greater dissection of the HLA
associations. Although = few clearly infectious diseases
were looked at in case-control gtydies, and possible
associations reported, overall the results were inconsis-
tent, and in gpy case the getiglogy of infectious condi-
tions was felt to be understood.

Then came the revolution in molecular biology
leading to the cloning @nd gequencing ©of all the HLA
genes and many °f their alleles. Rapid molecular ty,.
ing methods, initially using restriction fragment length
polymorphisms @nd then gpplification by ©he poly-
merase Cchain reaction, have confirmed what was long

suspected?that serological reagents give 2 very incom-
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Fig. 1. Diagrams of the structure of HLA class I and class IImolecules. Class I molecules are composed of a highly poly-

morphic heavy chain and the smaller invariant (3) microglobulin. Both the a and [} chains of HLA class II

molecules are very variable in the domains which comprise the membrane-distal peptide binding groove. The

position °f 2 peptide in the groove, made yp of sides of a helices and a floor of [} pleated strands, is indicated

here by the letter Pp.

plete picture of the extent of polymorphism at mest
HLA loci. The improved molecular resolution, togeth—
er with studies of diverse ethnic groups, has permitted
the localisation of certain associations to a particular
HLA locus, eg HLA-DRB1 for rheumatoid arthritis and
mainly HLA-DQ for jyvenile diabetes, or to particular
residues within a locus [9], Other advantages of molec-
ular techniques, particularly for studies of paediatric
diseases or trgopical populations, =re= that only tiny
amounts of blood are needed, and the requirement
for fresh, or liquid nitrogen stored, lymphocytes is
removed.

However, this progress
hoped for insights into the mechanisms of autoimmu-
Hity, which appear always t° lie just around the corner.
Nonetheless, the considerable experience gained in
the design, execution, analysis @nd interpretation ©f
HLA case-control studies has been valuable in looking

again at the neglected area of HLA and major infec-
tious diseases. Additionally, those who study HLA asso-

has still failed to yield the

ciations with several infections now have what autoim-

mune disease researchers lack?good candidates for
the immunodominant antigens which may interact
with HL.A molecules to produce any observed associa-

tions.

HILA and infection: approaches

survey of the literature on HLA associations with

infectious diseases makes {ifficult, and often confus-

ing, reading. In addition to the changing HLA nomen-
clature, there seems to be little COHSiSteHCY in the asso-

ciations reported by different workers. One problem
here is statistical. In most HLZA studies associations are

A

sought between disease and a multiplicity of HL.A
types =° that one association reaching the convention-
al 5% level of statistical significance would be expected
for every 20 alleles typed This accounts for some of
the false-positive associations in the early literature.
More recently it has become accepted that one should

multiply significance levels (p values) by the number
of comparisons performed. However, some ambiguity

Fig. 2- Map of the arrangement ofpolymorphic HLA genes in the human major histocompatibility complex o= chromosome 6. A
minimum estimate of the number of alleles at each locus is shown below the genes. The class I genes encode poly-

morphic heavy chains for HLA-A, -B and -C. The HLA class II molecule HLA-DQ has two poly'morphic chains, a
and [}, which are specified by the DQA1 and DQBI1 genes, respectively. The a chain of HLA-DR is invariant but
the DRBI1 gene encoding the major PR P chain is highly polymorphic.

CLASS II CLASS I
GENE : DPB1 DPA1l DOB1 DQA1 DRB1 DRB3 DRA B C
No of Alleles: 21 4 17 12 47 4 1 50 14 32

12
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remains: should one correct for all alleles or the num-
ber of alleles per locus; were several disease categories
assessed; need one correct for extremely rare alleles? A
good way around this gifficylty is to do a gtudy in two
halves, identifying a possible association in the first
half ana re—testing this single association in the sec-
ond.

After a]llowing for multiple comparisons, statistically
significant associations have been reported for certain
infectious diseases, notably leprosy and HIV infection
(Table 1). However, often the associations differ
between studies. Assuming that the trivial explanation
°f poor matching of cases and controls does not hold,
there are other eyplanations for this inconsistency. A%
old idea was that different associations in particular
ethnic groups might reflect different linkages of the
marker HLA Serotype to a common disease susceptibil_
ity gene, situated near to it on chromosome 6. This
now seems unlikely since it has become clear that HLA
genes actually are immune response genes rather than
closely linked markers. A more attractive proposal
derives from new molecular information on the extent
of polymorphism in major infectious pathogens. Strik-
ing diversity has been observed in immunodominant
antigens of, for example, malaria paragites and HIV,
with some evidence of geographical variation. This
molecular diversity in infectious agents may account
for variable HL.A associations, although this remains to
be demonstrated.

Perhaps the greatest problem in assessing HLA asso-
ciations with infection has been the small size of most
studies, so that associations are often unconvincing.

Thlls reflects a genuine difficulty it accumulating large
series of cases of acute life—threatening infections

caused by a single pathogen in most countries with
advanced HLA. typing facilities. Contrast this with the
ease of studying patients with chronic autoimmune
diseases, who often obligingly cluster in specialist clin-
ics. This inherent selection bias is also reflected in the
large number of HL.A studies of leprosy. Molecular typ-
ing offers a solution to some of these difficulties by
facilitating the logisticg Of studies in deyeloping coun-
tries, reducing the time and costs involved in large
scale typing, and improving the detection of non-
caucasian zlleles.

HLA and malaria

As anl example of how molecular typing of HLLA anti-
gens 11 an infectious disease can yield interesting and
potentially useful regylts, I will outline a study of genet-
e Susceptibility to malaria conducted recently with sev-
eral Colleagues from The Gambia and Oxford [10]., To
maximise the poyer of the grydy to detect gignificant
effects of HLA variation, children with ]jfe-threatening
malaria were studied. In Africa, severe malaria in chil-
dren presents as almost always either cerebral malarial
©* severe malarial anaemia. The former syndrome is
the commoner in The Gambia, the latter in coastal
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Table 1. A selection of some recent HLA associations with
maj or infectious diseases.

Disease Population  Antigen Frequency

Leprosy Korean DR2 Increased [13]
Malaria Gambian Bw53, DRwl3.02 Decreased [10]
AIDS British Al1-B8-DR3 Increased []5]
AIDS American Al-B8-DR3 Increased [16]

Kenya [11]. These severe malaria cases were Compared
with several control groups. The primary controls wexre
500 children without malaria who were carefully
matched for age (mean <3 years) and area of resi-
dence around the Gambian capital, Banjul. The feasi-
bility of HL.A typing these control children using as 1it-
tle as 400 microlitres of blood greatly facilitated
collection of these samples. Additional control gioung
included children with uncomplicated malaria and
healthy adults so that, injll, over 2,000 Gambians were
studied.

# two-stage approach was taken in gni1yeing HLA
class I antigens. AfteT gerglogically typing about half of
tll'le IGOO cases of severe malaria, a single apparent asso-
clation was seen: the frequency of the HL/V-Bw53 anti-
gen was reduced amongst the children with each of
the two forms of severe malaria. To confirm this possi-
ble association the remaining samples were tested just
for HLA-Bw53, using a new method based on the poly-
merase chain reaction. This second half of the study
showed = similar gignificant protective effect with
HLA-Bw53, confirming the suggested association.

Analysis of HLA class II haplotypes, composed ©f
HLA-DR and _pQ antigens, revealed another protec-
tive association, with = haplotype bearing the
DRwl3.02 antigen (ie the 02 guybtype of DRw13). In
this case the association was greater (and only statisti-
cally significant) for cases of severe malarial anaemia.
;everal groups had shown that the HLA-Bw53 antigen
is common only in sub-Saharan Africans, where it is
found at frequencies ©f up to 40%, and the protective
HLA class II haplotype ¢ 2180 relatively African-specif-
ic. So, as with the geographical distribution of the tha-
lassaemias and seme Other hzemoglobinopathies, the
prevalence of these HLA typeg associated with malaria
resistance in Africans suggests that natural selection by
P. falciparum has contributed to their present high fre-
quencies. However, it remains to be determined
whether these associations are also found in other
parts °of Africa where different strains of P falciparum

may predominate.
The magnitude ©f these protective effects can be

compared to the protection against severe malaria
afforded to carriers of sickle haemoglobin. In the

same Gambian study these carriers had a ten-fold
reduction in risk of developing severe malaria com-
pared with non-carriers. Children with the protective
HLA alleles were at approximately half the risk of
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developing severe disease (Table 2). Thus the sickle
haemoglobinopathy !¢ clearly the most useful variant
to have. However, in public health teyrms, or from the
point of view of an eyolytionary geneticist, the HLA
effects might be considered to be at least as important.
This is because close to half the population of children
in The Gambia have one of these HLA types whereas
only 13% are sickle haemoglobin carriers. Hence, it
can be calculated that the HLA alleles are responsible
for preventing at least as many cases of severe malaria
as HbS does. In making these gimple extrapolations, it
is important to remember that other HLA gjlleles,
found at such low frequencies that they cannot be ade-
assessed in case-control studies of reasonable
quately
size, may also have significant effects on malaria sus-
ceptibility. Also, by affecting susceptibility te other
infections, HLA alleles that protect against malaria
might have unpredictable effects on overall survival.
Nonetheless, the Gambian study suggests that, if suffi-
cient cases can be gtudied, important associations with
sever.al other infections may be found by employing
detailed molecular HL.A typing.

Leprosy

Amongst infectious diseases, leprosy has probably
been the most frequently studied in the search for

HLA associations. These studies have been reviewed by
Blackwell [12]. Although the overall impression is one
°f inconsistency, particularly in terms of HLA class I
associations, more recent studies have frequently
found an association between susceptibility and the
HLA-DR2 gntigen, particularly in Asian populations
[eg 13]. This association appears stronger for tubercu-
loid than for lepromatous leprosy, and it has been sug-
gested that the latter may Pe primarily associated with
HLA-DQwl. Our current pecognition ©f = multiplicity
of DQwl subtypes raises the poggipility that = stronger
association may exist with one of these. However, stud-

ies of the gegregation ©f HLA haplotypes i® multiple
case families have led to the view that HL.A antigens
may Pe important im determining the type °f leprosy
an individual deyelops rather than jnflyencing suscep-
tibility t° leprosy per se- This would sppear compatible
with the quite different immune responses seen in
tuberculoid and lepromatous leprosy, and would
explain why tPe markedly greater disease concordance
for monozygotic than dizygotic twins is not reflected in
a clear HL.A association. Furthermore, recent complex
segregation analyses °f multigenerational pedigrees
[14] point t° = major role for a single non-HLA-linked

gene 1" determining susceptibility t° leprosy per se-

AIDS

Many studies of HLLA and various manifestations of
HIV infection have now been reported. For a disease

that afflicts so many people, the sample sizes in many

Table 2. Carrier rates (for HLA types, antigen frequencies)
of some genetic variants associated with resistance to severe

malaria. The estimate of % protection to an individual is
from reference 10, with the HLA class II haplotype value

given for protection against severe Mmalarial anaemia.

Carrier rate Protection
North Europe The Gambia
Haemoglobin A8 0% 13% 92%
HLA-DRB1*1302-DQB1*0501 <1% 20% 55%
HLA-Bw53 1% 25% 41%

of these surveys have been disappointingly small. This
is reflected in a variety of apparent associations that

have not been confirmed by other studies. However,
other aSSOCiatiOnS, found on more than one occasion'
are of particular interest. The common caucasian hap-
lotype HLA-A1-B8-DR3 was associated with an
increased probability of seroconversion and more

rapid disease progression in a series of haemophiliacs
[15]. This was Supported by the finding of the same
haplotype associated with rapid decline in CD4+ lym-
phocyte counts in a cohort of seropositive homosexu-
als [16]. Although net all studies have found this asso-
ciation, its plausibility is enhanced by the well
documented association between this haplotype and
several autoimmune diseases. Whatever increased
immunoreactivity predisposes te autoimmune disease
might also affect the rate of decline in CD4+ lympho-
cyte counts. Other groups have reported that the HL.A
class I allele, B35, may also be associated with more
advanced disease [17]. Although studies of a hundred
or so cases continue to appear, it seems likely that far

larger studies yay be required to Show yery convincing
associations.

Infections cause HLA polymorphism

The ynparalleled diversity ©f HLA gepes, and their
homologues 17 the major histocompatibility complex
of other species, has given rise to a ]_arge numbexr of
theories to explain Why this extreme polymorphism
exists. A few years ago, with the analyses of MHC genes
in other higher primates, it became clear that the poly-

morphism Of HLA geneg is very ©1d and certainly pre-
dates our speciation. The human HLA-ALl gene, for

example, is far moxre akin to a particular chimpanzee
allele than it is to any other human class I allele. This
gave rise to the suggestion that all HL.A types might be

effectively equivalent in terms of survival, o gelectively
neutral [18]. However, it is now clear that to maintain

this range of HL.A types over millions of years some
type of balancing selection needs to be in operation:
certain forces tending to increase the frequencies of
particular HT# types, other selection preggures acting
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to decrease their frequency' Without this most alleles
seen today would have been lost through genetic drift.
The question has been: what is the nature of this selec-
tion?

One remarkable type of selection has recently been
found to operate in mice. Potts and colleagues [19]
observed that mice (who can smell MHC differences)
will mate preferentially With partners differing in
MHC type so that offgpring tend to be heterozygous
and a diverse grpay Of alleles is kept in the popula-
tion. This disassortive mating seems unlikely to occur
in humans but various other theories have been advo-
cated (Table 3).

The proposal that infectious pathogens are the
major cause of HLA divergity has been particularly
attractive because defence against microorganisms is a
primary function of HLA molecules. By being het-
erozygous rather than homozygous for HL.A allelesl an
individual may respond t° = greater range °©f foreign
peptides in an infectious pathogen, and is thereby
more llkely to be able to mount a protective immune
response against i+ The argument against this theory
has been the lack of documented HI.A associations
with infectious diseases in humans and almost all other
species. The HLA associations in the Gambian malaria
study [10] mow guggest that small effects on gygeepti-
bility te infection pight be fair]ly <ommo=n but that
large studies, employing detailed typing methods, may
be needed to document these convincingly. Although
such effects are less striking than associations with

many autoimmune diseases (in which there may be a
breakdown in tolerance to jyst = single non-polymor-
phic antigen) , they are large enough to retain a con-
siderable giyersity of HLA types. Interestingly, the fluc-
tuating intensities of many infectious diseases may also
play = role in paintaining LA diversity by altering
selection ,regsures o= particular alleles as epidemics
come and gO.

What use are HLA associations with infection?

If HL.A associations are so difficult to identify, is it
worth knowing about them? Probably not, in terms of
measuring individual Susceptibility to most infections.
Rather, their value lies in what they may be able to tell
u.s about the nature of protective immunity to infec-
tious diseases. I will use the example of malaria again,
but this is just one of geveral major infections in which
we have little knowledge of the mechanisms of natural-
ly acquired protective immunity. TRe finding of an
HLA class I association with protection from severe
malaria suggests that, as in mouse models of malaria
(20], HLA class 1 restricted T Jymphocytes, presumably
C}I/t(l)tOXIiC T cells, play a role in natural immunity. Iden-
tification of the antigenic targets of such cells is of
major interest in vaccine deyvelopment. Similarly, the
finding of HLA associations in an infection where the
parasite must present an enormous number of epi_
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Table 3. Some of the theories that have been proposed te
account for the marked degree ©f polymorphism °f major

histocompatibility complex genes. The first two are dis-
cussed in the text; 'parasite' embraces all infectious microor-

ganisms.
Theories of MHC polymorphism

Parasite driven selection
Disassortive mating

Maternal-fetal incompatibility
High mutation rate

Ancient neutral polymorphi sm

There is little evidence in humans that HLA dissimilarity
between mother and fetus improves fetal survival rates.
Unusually high mutation rates have not been observed and,
although HLA polymorphism ¢ ancient, population genetic
theory argues against its neutrality.

topes to the host immune gysrem says something about
the nature of protective immune pognonges. Because
all these potential T cell epitopes will have a great vari-
ety of HLA restriction patterns, and yet = particular
HLA association with decreased susceptibility is
detectable, it seems ]ikely that, gmongst the large mum-
ber of immune responses that the parasite elicits, only
2 very feW are ygefylly protective. The protective HLA
alleles may e a key to identifying which paragite anti-
gens =¥< protective, by correlating HLA typeg with
immune responses to candidate parasite antigens.

However, potentially the most direct approach to
exploiting an HLA association with an infection has

become poggible by very recent advances in the analy-
sis of the peptides presented by HLA molecules. It has
been known for some years that HLA molecules pre-
sent peptides derived from the breakdown of intern-
alised ox cytoplasmic antigens; Put it has only recently
become poggiple to elute sufficient peptides Trom puri-
fied HL.A molecules to their and amino
analyse length

acid sequences. Although such studies are still fey, it
has been found that particular class I molecules will

only Pind peptides consisting ©f 8 or 9 amino acids,
with a sequence motif characteristic of the particular
HLA type [2, 5]. This requirement £or = particular
type of peptide in each different HL.A molecule's
groove sSeems to relate to allelic variation in so-called
pockets within the groove, which must bind particular
amino acid side chains. It has also been possible to
identify slightly longer peptides from HLA class II
molecules [3]. These techniques open up the possibili-
ty mot only ©f rapidly identifying peptides within pro-
teins that might ©© epitopes £or particular HLA alleles,
but also of characterising foreign peptides Pound to
HLA molecules of infected cells. This, together with
some other techniques °f identifying peptide epitopes,
should facilitate analysis of the mechanisms of HLA
associations and identify epitopes for inclusion in
future multivalent subunit vaccines.
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