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Molecular biology and coeliac disease

In clinical and pathological terms our descriptive under-
standing of coeliac disease is extensive.' In recent years our
understanding ofthe immunology ofcoeliac disease, together
with that of mucosal immunology in general, has rapidly
increased.2 3 Several basic questions remain, however. What
part ofwheat gluten is involved in the pathogenesis of coeliac
disease? Why are some people predisposed to develop the
disease? How is the characteristic pathological lesion pro-
duced? Are other environmental factors involved? The
application of molecular biological techniques may well
illumine our understanding of these questions.

What part of wheat gluten is involved?
That wheat gluten is deleterious in coeliac disease has been
known since 1953.1 Subsequent studies have usually concen-
trated on the ethanol soluble proteins (gliadins) rather than
the water insoluble mixture of gluten. The gliadin proteins
have been characterised by their relative electrophoretic
mobility on starch5 or polyacrylamide gel electrophoresis.6
Four fractions were thus defined (a, 3, y, c) with molecular
weights from 32 to 58 kDa.7

In vitro and in vivo studies of these fractions against coeliac
mucosa showed that all had a 'toxic' effect,'-'"suggesting that
there is a common peptide in all the gliadin proteins that is
responsible for coeliac toxicity. The recognition of this com-
mon sequence has, therefore, been one goal of investigators.
Molecular biological techniques have proved important in
the determination of the primary structure of gliadins. In
1984 Kasarda et al'2 determined the complete primary
structure of an ca-gliadin using protein chemistry and deriva-
tion from a cloned cDNA sequence. Similar studies have
permitted the determination of the amino acid sequence of
other gliadins. Bartels and Thompson'3 '4 were able to
produce cDNA clones from the mRNA of wheat endosperm
(the flour, or storage protein component of the grain), and
thus determine the primary structures of a number of a- and
y-gliadins. 1 16

Several exciting developments are likely following these
observations. Expression vectors from cDNA could be used
in which high levels of gliadins could be expressed from
cloned cDNA.'7 The hope would be to synthesise enough
gliadin (or truncated or otherwise mutated derivatives) for in
vitro testing against coeliac mucosa.9 Ultimately, sufficient
quantities would be required for clinical challenge studies.
Once a specifically toxic peptide had been recognised in this
way, it might prove possible to delete the encoding DNA
from the wheat germ and to develop a non-toxic strain of

wheat. Even more exciting would be to introduce DNA
which encodes for high molecular weight glutenins'8 into the
genome of a non-toxic cereal. These viscoelastic glutenins
give wheat its good baking properties. Thus, a new trans-
genic plant could be produced with the baking qualities of
wheat, but which was non-toxic to coeliac patients.

How does gliadin produce its effect?

GENETIC STUDIES OF MHC
There are several theories of the pathogenesis of coeliac
disease,'9 but the balance of evidence currently favours
an immunological aetiology.2 Support for this hypothesis
comes from analysis of the genetics of the disorder.
Approximately 10% of first degree relatives of coeliac disease
patients have the condition, although the precise inheritance
is unknown. Coeliac disease is associated with the HLA
class I B locus marker - B82"2' - and there is a stronger
association with the class II D region marker HLA-DR3.22
The association with B8 reflects linkage disequilibrium
between the allele that encodes B8 and that which encodes
DR3. An even closer association has been shown between
DQW2 and coeliac disease,23 the alleles encoding DQW2 also
being in linkage disequilibrium with B8 and DR3. The
importance of these strong associations between coeliac
disease and the class II D locus genes is that these genes code
for cell surface molecules that are critical to the immune
response. HLA class II molecules occur as transmembrane
glycosylated heterodimers consisting of an a chain of 34kDa
encoded by an A gene and a ,3 chain of29 kDa encoded by a B
gene. A and B genes are located in the HLA-D region of the
genome, this region being divided into three major sub-
regions termed DP, DQ, and DR. The class II molecules are
expressed on the surface of B lymphocytes, macrophages,
dendritic cells, activated T cells and also intestinal epithelial
cells. These class II molecules are involved in the presen-
tation of endogenously processed antigen to antigen specific
T lymphocytes which possess the CD4 surface molecule -
that is, are helper T cells. Thus, it is suggested that the
particular D region haplotype associated with coeliac disease
allows antigen (gliadin peptide) to be presented in such a way
that T. helper cells within the small intestinal mucosa are
specifically stimulated to produce an immunological reaction
leading to the typical pathological changes of coeliac disease.
Although 90% of coeliac patients may possess the partic-

ular HLA class II DR3, DQW2 haplotype, 25-30% of
normal individuals within the same population have the same
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haplotype and do not have coeliac disease. Likewise, less
than 0O1% of individuals with DR3, DQW2 develop the
disease. However, the associated D locus haplotypes so far
described were recognised by serological typing using anti-
bodies specific for HLA phenotypes. This serological typing
depends upon antibody specificity and can lead to under- or
over-recognition of particular epitopes which may not repre-
sent accurately the situation at the genetic level. Investigators
have, therefore, sought to analyse the class II D genes at the
molecular level to determine whether there is any specific
marker or disease associated gene. Molecular biological
techniques have shown a far greater complexity and poly-
morphism in the HLA genes than was previously recognised.
For example, there are at least eight different alleles of the
DQA1 gene and 15 of the DQB1 gene: similarly there are 21
different alleles of the DPB1 gene and two of the DPA1
gene.22

Class II genes have been studied using restriction fragment
length polymorphism analysis (RFLP) and Southern blot-
ting and also analysis of the genome using oligonucleotide
allele specific probes on polymer chain reaction (PCR)
amplified DNA fragments. Such studies have shown
both DPa and P chain RFLPs in association with coeliac
disease.2728 These RFLPs were independent of the DR3,
DQW2 haplotype, suggesting a multigenic susceptibility
for coeliac disease.28 DP locus polymorphisms associated
with coeliac disease have also been described by other
workers.2930
Gene probes have been used to examine the amino acid

sequence of expressed class II polypeptides described sero-
logically by the RFLP haplotypes. Kagnoff et al1,3 using PCR
and DNA sequencing techniques, found no differences in the
sequences between coeliac disease patients and controls,
suggesting that coeliac disease patients do not have class II
gene sequences that are unique to the disease and that
particular HLA class II genes are necessary, but not
sufficient, for the phenotypic expression of the disease.
However, using oligonucleotide primers for DPB genes, a
significant over-representation in coeliac disease patients of
the relatively rare alleles DPB1 and DPB3 was detected.3'
This was in patients of northern European descent, whereas
DPB4.2 and DPB3 genes were more important in coeliac
disease patients from southern Europe.32

Molecular analysis of other alleles in coeliac disease has
failed to show a unique disease associated sequence.33 Nor has
such analysis of large DNA fragments, using field inversion
techniques, detected any disease specific association (Blair
and Howdle, unpublished observations).

These findings suggest that a small genetic change may
produce a variation in the antigen binding groove of the HLA
class II molecule which is of critical importance to disease
susceptibility.

Sollid et a134 showed that the DQA and B genes which code
for the serologically defined DQW2 haplotype may be
encoded in cis on DR3 haplotypes and in trans on DR5/7
haplotypes. Such a combination of DQAI.2 and DQB1.2
genes was found in 98-9% of coeliac patients - the strongest
association yet found. This suggests that the class II receptor,
coded by the DQ A and B genes and defined serologically as
DQW2, presents the gliadin peptide to T cells for immune
recognition. However, Mantovani et a133 failed to show a
unique sequence in the DQA gene, stressing the fact that in
coeliac disease certain genetic variations may be necessary
for the disease to develop but are not sufficient in them-
selves.

MOLECULAR BIOLOGY OF THE TCR IN COELIAC DISEASE
T lymphocytes recognise antigen on antigen presenting cells
in association with HLA products. There has been consider-

able interest not only in the HLA cell surface molecules but
also in the receptor on the T cells (TcR) which recognises the
antigen in the groove formed by the HLA heterodimer.35 The
HLA class II molecules present antigen to CD4+ T lympho-
cytes (helper T cells). In the small intestinal mucosa in
normal and coeliac tissue, the helper cells are predominantly
located in the lamina propria beneath the epithelium; intra-
epithelial T cells are predominantly CD4-, CD8+ (suppressor
T cells) or CD4-CD8-. The CD4+ cells recognise the
antigen-HLA class II combination via the T cell receptor
(TcR), which is composed of two disulphide linked glyco-
protein chains designated a and P and of molecular weights
80 KDa and 40 KDa respectively. Both these chains are
clonally variable and are encoded by families of variable (V),
diversity (D), joining (J), and constant (C) gene segments,
which assemble by gene rearrangements during T cell
differentiation (each genetic locus is thus organised in the
same way as the immunoglobulin genes). Thus, the multi-
plicity of V, D, and J segments and their independent
association creates a large potential T cell receptor repertoire.
Although every individual may use a differently composed
TcR for recognition of the same antigen, it is likely that there
is some restricted TcR gene usage in different conditions.
Evidence for this is suggested by experimental allergic
encephalomyelitis in mice (a model for multiple sclerosis)
where 80% of the T cells recognising the encephalitogenic
peptide were found to express the same receptor, and utilised
the Vi8.2 gene.3637 Similarly, in diabetic mice, diabetogenic
T cell clones principally expressed the Vj35 gene family.38
There is very little evidence yet for such restricted gene usage
in human TcRs, but it is now possible to reverse transcribe
and amplify by PCR the mRNA of specific V1 gene families
which are being expressed. We are currently studying such
V1 gene usage by T cells from coeliac disease patients.
Any such restriction of gene usage would have important
diagnostic and therapeutic implications for coeliac disease.

Are other environmental factors involved in the
pathogenesis of coeliac disease?
While it is well documented that gliadin is responsible for the
small intestinal lesion in coeliac disease, it has been suggested
that other environmental factors are involved. This is
supported by the genetic data showing specific HLA associa-
tions with coeliac disease, but many individuals with the
same associations do not have the disease. One can envisage a
similar argument if certain TcR genes are shown to be asso-
ciated with coeliac disease.

In 1984, Kagnoff et al39 suggested that adenovirus
infection may be an environmental factor in coeliac disease.
They showed immunological cross reactivity between an
early protein (ElB-58 kDA) of adenovirus 12 (Ad12) and
gliadin. Amino acid sequence analysis showed a region of
homology between the two proteins, with 8 of 12 amino acids
being identical. Kagnoff et al39 suggested that previous
infection with adenovirus 12 could lead to the development of
coeliac disease in susceptible individuals on exposure to
gliadin, the immunological cross reactivity being the basis of
the pathogenesis. In support of this hypothesis, neutralising
antibody titres specifically to Ad112 but not other adeno-
viruses were raised in coeliac disease patients,4"' suggesting
these patients had an increased prevalence ofAd 12 infection.
The antibody measured in these studies, however, was
directed against coat proteins of the virus (probably mainly
the hexon protein) and not against the EIB-58 kDa
protein.

Treated coeliac disease patients have also been shown to
have a cell mediated immune response in the peripheral
blood to synthetic gliadin and viral peptides of the homo-
logous sequence.4`4 There is no evidence yet of T cell
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reactivity to the ElB-58 kDa protein itself, and we failed to
show specific antibodies to this particular protein in coeliac
patients.43
A different approach to the hypothesis has been to seek

evidence of persistent Ad12 infection in coeliac disease
patients. Persisting infection would require continuing viral
replication and, since the early region proteins (EIA and
E1B) are involved in the initiation of replication, evidence
of the early region genes in a persisting infection would be
expected. We used PCR to seek evidence of persisting viral
infection in small intestinal mucosa using specific oligo-
nucleotide primers specific for the ElB-58 kDa gene.4I DNA
was isolated from small intestinal biopsy samples of coeliac
disease and control patients and analysed, by PCR, for Adl2
DNA encoding the E1B-58 kDa protein. Four of 18 coeliac
and 2 of 24 control patients were positive. There was thus a
low prevalence of this infection in both groups of patients,
but certainly no significantly increased incidence in coeliac
disease. These results suggest that persistent Adl2 infection
is not a major element in the pathogenesis of coeliac disease.
Neither does persistent Adl2 infection seem to be involved in
the development of coeliac associated lymphoma since PCR
analysis of malignant tissues failed to detect Adl2 sequences
(Blair and Howdle, unpublished observations).

Molecular biology is thus beginning to have an impact on
several of the outstanding questions concerning coeliac
disease. We envisage that the answers to some of these
fundamental questions will be found in the near future.
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