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Editorials

New Polymorphisms in HLA

The HLA system, though it comprises only about one-thousandth of the total
human genome, continues to challenge biologists with its complexity and
diversity. Originally defined as the human major histocompatibility complex
(MHC) because its products are the major antigens involved in graft rejection,
it has now become clear that the system has a greater role to perform in biology
and medicine than just predicting the outcome of a graft: Its products playa
crucial role in the immune response by not only providing a 'context' for the
recognition of foreign antigens by T cells, but also by controlling the
immunoregulatory processes and the final elimination of the cell bound antigen. 1

In simple terms, this means that an immunocompetent T cell can recognize a
nominal antigen only when it is presented on a cell membrane with an HLA
molecule of the same specificity as its own. These HLA products also select the
type of T cells that will respond to a given antigen. While the cytotoxic T cells
(effector T cells, CD8+) recognize antigens in combination with HLA class I
molecules, the helper T cells (CD4+) recognize antigens only when they are
presented in combination with HLA class II molecules.

HLA class I molecules include the classical transplantation loci-HLA-A, B
and C. While these were discovered by immunological techniques, three other
loci-HLA-E, F and G-have been defined by using recombinant DNA
techniques. HLA class I molecules are glycoproteins consisting of a trans-
membranous heavy chair (mol wt 44000) associated at the cell surface with a
smaller peptide, ~2microglobulin (mol wt 120(0). The HLA class II molecules
are structurally, biochemically and functionally different from those in class I
and encode three classical loci-DR, DO and DP, with two other rather non-
polymorphic loci DO and ON which lie between DO and DP. The molecule
consists of two non-covalently associated glycosylated polypeptide chains,
alpha and beta, of molecular weights 34 and 28 kd respectively. Six alpha and
10beta genes are presently known; of these at least 2 alpha and 6 beta genes are
expressed as DR, DO and DP molecules.

A feature that distinguishes the HLA system from other genetic complexes
is its polymorphism of an extraordinarily high degree (polymorphism being

. defined as the presence of a large number of alleles at a given genetic locus in
the population). No other loci are known to have a similar degree of
polymorphism, implying that an exceptional inter-individual variability exists
in the Hl.A'antigen profile of a population.

The question that naturally arises is: Is this enormous polymorphism a priori
hostile to transplantation surgeons or nature's gift for survival and maintenance
of the species? Since nature rarely goes wrong, it is reasonable to presume that
polymorphism is probably essential for efficient functioning of the system and
may be the result of natural selection and genetic drift. Certain class I and II
alleles aid in the immune responsiveness to parasitic and bacterial infections.
The high degree of polymorphism is advantageous for an individual and the
species, surrounded as they are by many different and changing pathogens.
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Klein and others have put forward several hypotheses to explain the origin and
maintenance of MHC polymorphisms.>" In view of the extensive biological
and medical importance of class II region genes, particularly in the control of
the immune response.' in transplantation immunobiology" and in governing
susceptibility to autoimmune diseases," most studies have been directed
towards investigating allelic polymorphism in HLA-DR and DQ.

Histocompatibility testing has changed a great deal in recent years. Previously
polymorphism was being defined by immunological techniques, i.e. the
antigenic variability of the MHC molecules .on the lymphocytes was deter-
mined by serological techniques or by assays using the cell mediated immune
response to the antigens. These assays (serology' was developed first) have
helped the development of concepts that are the backbone of any work in the
field of HLA.

There has been a continuous effort to probe the molecular basis for this
polymorphism. What changes in the genes lead to differences in immunological
specificity? With the use of recombinant DNA techniques it has been possible
to elucidate the differences between various haplotypes. Using specific
enzymes, named restriction endonucleases, nucleotide sequences in or around
the HLA gene can be cut at specific base pairs and subsequently identified by
using specific DNA probes having sequences complementary to the gene to be
studied. This technique of DNA restriction fragment length polymorphism
(RFLP) analysis is a simple and effective method for obtaining an overall idea
of changes in the gene structure." As the name suggests, a change in the
location and relationship of the restriction sites of an HLA gene would result in
an alteration (polymorphism) of the size of the fragment in the autoradiograph.
The relationship of the structural arrangement of genes with their serological
counterparts and the extent of polymorphism of the genes, especially in the
HLA-D or class II region is under active study.

Of the other methods, sequencing of the allele is the most direct. While it is
the only method for detecting novel mutations, it is tedious, expensive and not
the method of choice for HLA haplotype determination on a large scale.
A technique gaining widespread acceptance is the use of allele-specific
oligonucleotide probes ('oligo typing') for HLA testing. These can detect even
a single base change in DNA (i.e. one amino acid change in the protein). These
methods are direct assessments of all the levels of DNA, independent of HLA
antigen expression. The introduction of an amplification step by the
polymerase chain reaction (PCR) has further simplified the procedure.t-'?

What are the advantages of the new technology? For one, it has vastly
increased the number of detected polymorphisms in the region ofthe MHC genes.
Immunological techniques rely on the alteration in the three-dimensional
shape of the molecule. There is also the problem of antigen expression. Both of
these are overcome by oligonucleotide and DNA probes. Since the adoption of
PCR techniques the investigation can be performed very rapidly on a small
amount of tissue, which is another operative advantage over conventional
techniques.

Additional information obtained by using these methods have led to the
discovery of three new loci-HLA-E, F and G. These have been determined
by RFLP analysis. For HLA class II loci several different alpha and beta genes
have also been shown to exist demonstrating that the actual number of HLA .
class II alleles and haplotypes is considerably larger than was expected.
Sequencing and oligotyping have been useful in the study of the molecular basis
of disease susceptibility. 7 In particular, specific alleles of DQB and DQX have
been implicated in susceptibility to insulin-dependent diabetes mellitus
(IDDM).1l,12 Oligotyping was especially useful for analysing amino acid 57 on
DQB chains in IDDM patients-'-" and a particular DQWl allele was found to
be associated with DR4/w6 in patients with pemphigus vulgaris. 15In infectious
diseases, the association of HLA-DR2 both in tuberculoid (TT) leprosy and in
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pulmonary tuberculosis" is beginning to be clarified. Oligotyping has helped in
unfolding extensive polymorphism in HLA-DR2 both in the DRBl and
DRB5 chains. Seven or more subtypes of DR2 may be available in the Indian
population'? but only one in patients with pulmonary tuberculosis (Mehra
et aI., personal communication). Further, the PCR-oligo probe technology has
been used in bone marrow transplantation and seems to be almost tailor-made
for this procedure since very strict requirements for HLA matching are needed.

On an applied level the aim of all workers is to improve the predictive role of
HLA typing. While in some cases (e.g. HLA-B27) the association of the HLA
type with the disease is quite strong, in others it is relatively loose. One of the
reasons for this could be that an immunologically defined specificity is not
precise enough, i.e. a reagent picks up the products of more than one allele
because of cross-reactivity. Techniques of molecular biology will help in
precisely defining some of these ambiguous situations. Again, in the field of
organ transplantation, a further precision in HLA typing will improve the
compatibility of the host and graft. As techniques become simplified especially

, with the use of PCR and non-radioactive probes, many laboratories will be able
to use them and there may be an increasing role of HLA typing in clinical
practice.
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