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Molecular biology of coeliac disease

The 'toxic' antigen
Coeliac disease was first described by Samuel Gee in
1888.1 He observed the remission of one individual on an
exclusive diet of mussels, but it was not until 1952 that the
link with dietary ingestion of certain cereals was made.
Dicke observed the effect of bread rationing in Holland
during the second world war, noting an improvement
among children with coeliac disease who subsequently
relapsed when fresh supplies were air dropped.2 Since this
time, studies have been undertaken to identify the compo-
nent of wheat cereals that induces the coeliac lesion and
to ascertain the nature of this susceptibility to dietary
antigens.

Dicke extended his original observations through the
purification of wheat flour and in vivo testing of subfrac-
tions. He concluded that the toxic component resided
within the alcohol soluble wheat gliadin storage proteins,
rather than the water soluble wheat starch, or the insoluble
wheat glutenin storage proteins, and that this toxicity was
lost by deamidation of the glutamine residues.
Electrophoresis of gliadin has identified several classes of
gliadin proteins, termed (x, P, y, and w, although each sub-
group is itself comprised of a variety of proteins. Toxicity
has been shown to reside with all four classes of gliadins,
although a-gliadins have the greatest in vivo effects.
To define further the toxic gliadin component, a single

A-gliadin protein from the a-gliadin subclass has been
purified and sequenced. This protein is 266 amino acids in
length and can be subdivided into five domains, with
domains II and IV being composed of polyglutamine
sequences. A variety of in vitro tests, including jejunal
organ culture from untreated coeliac patients and lympho-
cyte migration studies, have been used in an attempt to
isolate a toxic sequence motif from A-gliadin. The majority
of these studies have indicated that coeliac disease patients
may be sensitised to a sequence within domain I between
residue 3-56. Several reports have also suggested that an
additional antigen motif may reside within domain V,
between residues 206-217, by virtue of a shared sequence
with residues 384-395 of the Elb protein of adenovirus
12. A hypothesis was proposed that prior exposure to
adenovirus 12 may lead to sensitisation to this shared
sequence in domain V. However, although an initial in
vitro study suggested toxicity, a subsequent in vivo study of
this sequence was inconclusive.3-5 Attempts by other
investigators to demonstrate prior infection in newly diag-
nosed coeliac patients have been unsuccessful. No

humoral immunity is demonstrable against the Elb Adi 2
sequence from the sera of coeliac patients. Finally, mono-
clonal antibodies raised against the 206-217 sequence do
not recognise all toxic cereals, but will cross react with
non-toxic cereals, implying that this sequence is not toxic
to coeliac patients.6

Gliadin specific T cell clones have now been isolated
from coeliac disease patients.7 The characterisation of one
of these clones has identified a sequence from A-gliadin
domain I, residues 31-49, as the T cell epitope.8 The
sequence is unique to 'toxic' cereals, in that a monoclonal
antibody raised against this sequence reacts specifically
with at, 3, -y, and w gliadins as well as wheat, barley, rye
and oats, but not with non-toxic cereals such as rice and
maize.9 In vitro jejunal organ cultures from coeliac disease
patients have confirmed toxicity.10 In vivo testing of this
peptide sequence has been performed.'1 Four coeliac
disease patients were subjected to gliadin challenge and
assessed for enteropathic changes. Challenges were sub-
sequently performed with A-gliadin peptide residue 31-49,
as well as two alternative A-gliadin peptides - residue
202-220 from domain V and residue 3-21 from domain I.
Jejunal biopsy specimens were assessed for intraepithelial
lymphocyte count, enterocyte cell height, and villous
height to crypt depth ratio from time 0 to 6 hours. The
results demonstrated significant changes in all three para-
meters after challenges with both unfractionated gliadin
and the peptide sequence 31-49, but no significant
changes with the other two peptides. This in vivo study
therefore confirms the results of in vitro experiments,
demonstrating that patients with coeliac disease are
sensitised to an antigen peptide from A-gliadin derived
from the amino acid sequence residues 31-49.

Is this peptide sequence the only antigenic epitope
among the gliadin proteins which will induce a small bowel
inflammatory response in susceptible individuals? The in
vitro studies performed up until now have concentrated on
the characterised A-gliadin polypeptide. The sequences of
other gliadin polypeptides remain undetermined. Several
further gliadin specific T cell clones have now been
isolated, although they have yet to be fully characterised.7
They do not appear to share a common T cell receptor
motif. All are reactive to digested gliadin, but do not
appear sensitised to the peptide sequence residues 31-49.
While the identity of the peptide epitopes of these T cell
clones is not yet established, it appears likely that multiple
antigenic epitopes will exist within gliadin.
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The isolation of gliadin specific T lymphocytes confirms
the long suspected role of the cellular immune system in
the initiation of the coeliac gliadin response. All T cell
clones isolated are CD4 positive, and bear an a/4 T cell
receptor. Immunohistochemistry has previously indicated
that the CD4 positive ao/ T cells within the small bowel
lamina propria display activation markers after dietary
gliadin challenge. In vitro stimulation of these oa/ T cells
using superantigens has demonstrated their ability to
mediate the small bowel lesion found in untreated coeliac
disease. 12
The role of a different subset of T lymphocytes bearing

a y/8 T cell receptor remains less well understood. The -y/8

T cells are located within the small bowel epithelium.
Their numbers are increased in the untreated lesion, and
remain raised above normal after resolution of the mucosal
damage. Although previous hypotheses have suggested
that these y/8 T cells may have a primary role in the disease
pathogenesis, gliadin specific Py/8 T cell lines have not been
found.'3 Studies of other T cell mediated small bowel
inflammatory conditions, such as tropical sprue, protozoal
and viral infections, have also demonstrated increases in
intraepithelial y/8 T cell numbers. 14 It has been suggested
that these y/8 T cells may play a part in immune surveil-
lance, through the recognition of heat shock proteins
expressed on the enterocyte cell surface. An alternative
hypothesis suggests that these -y/8 T cells are involved
in the process of immunological tolerance seen in the
gastrointestinal tract on exposure to luminal antigens. A
study of -y/8 T cells in a mouse model implies that these
cells may have the ability to abrogate the local develop-
ment of oral tolerance, enabling the T cells located within
the lamina propria to recognise antigen, and so regulate
the plasma cell production of secretory IgA.15

Genetic susceptibility
Susceptibility to gluten sensitivity appears from family
studies to be, at least in part, genetically determined. The
incidence of coeliac disease in the first degree relatives of
an affected individual has been estimated at 10-15%/,
while monozygotic twin data indicate a 70-100% disease
concordance. The influence of the HLA genes has been
well characterised both in family and population studies.
The predisposition to the disease is closely associated with
the inheritance of two alleles at the HLA-DQ loci, that
encode for the a and 1B chains of a specific HLA class II
molecule.'6 These alleles are termed DQA1*0501 and
DQB1*0201 respectively and they encode for HLA-DQ2
molecule. These alleles are found in over 90% of coeliac
patients from northern and southern Europe. These HLA-
DQ alleles are located at loci within the major histo-
compatibility complex (MHC) on chromosome 6. They
are usually inherited together with alleles occurring at
neighbouring loci, on what is termed an extended haplo-
type, and this common inheritance of several alleles has
created difficulty in the identification of the primary sus-

ceptibility alleles.
In the UK, the HLA-DQ susceptibility alleles occur on

the same chromosome as the HLA class II allele HLA-
DR3 and HLA class I allele HLA-B8. Although both of
HIA-DR3 and -B8 have previously been proposed as the
primary association, the HLA-DQ alleles are now recog-
nised as the primary HLA susceptibility influence towards
coeliac disease after the study of southern European
populations.

In Sardinia, differing HLA haplotypes are found com-

pared with the UK. In particular, the HIA-'DQ2' alleles
and HLA-DR3 are inherited with HLA-B18 rather than
-B8, although this does not affect the close DQ2 association

with coeliac disease (all coeliac patients possess the alleles
DQ2 and DR3).17 This would suggest that the primary
susceptibility influence does not reside with HLA-B8.

In southern European regions, such as central Italy, the
frequency of all HLA DR3-DQ2 haplotypes is low com-
pared both with the UK and Sardinia. Coeliac disease in
these populations is found associated not only with the
DR3-DQ2 haplotypes, but also the heterozygous combina-
tion of HLA-DR5/-DR7 (that is, a DR5 haplotype on one
chromosome and a DR7 haplotype on the other). At the
DQ loci, however, coeliac disease remains strongly associ-
ated with the DQA1*0501 DQB1*0201 allele combina-
tion, encoding for the DQ2 molecule.18 This DQ2
association is due to the presence ofthe DQA1*0501 allele
on the DR5 haplotype, and the DQB1*0201 allele on the
DR7 haplotype. As neither the DR5 haplotype nor the
DR7 haplotype is associated with coeliac disease in the
absence of the other, it can be concluded that the primary
susceptibility alleles reside at the DQ loci.

Role ofHLA-DQ2 towards coeliac disease
susceptibility
T cells are unable to recognise antigen directly, unless it is
processed and presented to the T cell receptor in a specific
manner. The HLA molecules are the antigen presenting
system for T cells, and in particular the HLA class II
molecules are responsible for the presentation of
exogenous antigen to CD4+ve T cells. Coeliac disease is a
sensitivity to exogenous gliadin antigen, mediated through
CD4+ve T cells, and it has been hypothesised that the
HLA-DQ2 molecule is necessary for the correct presenta-
tion of the disease inducing antigen to these gliadin
reactive T cells.
The isolation of gliadin specific T cells has enabled this

hypothesis to be tested. The initial results confirmed that
HLA-DQ2 restricted gliadin specific T cells are present in
patients with coeliac disease. Subsequent studies have found
that all gliadin specific T cells isolated from the small bowel
only recognise gliadin antigen in the presence ofHLA-DQ2
and not -DR and -DP class II molecules.7 In peripheral
blood, additional gliadin reactive T cells have been
described that are restricted also to -DR and -DP molecules
- both in coeliac patients and 'normal' controls.'9 The sig-
nificance of these additional T cells is not understood at
present, but may indicate that the disease-inducing
gliadin/HLA-DQ2/CD4+ve T cell interaction occurs
predominantly within the gastrointestinal immune systems.

Antigen presentation by HLA-DQ2
The HLA-DQ2 molecule appears fundamental for the
recognition of gliadin by T cells in the small bowel of
coeliac patients. As many other HLA-DQ variants seem
unable to mediate this interaction, detailed analysis of the
mechanism of antigen binding may lead to further insight
into the disease pathogenesis and potentially open the way
to genetic modification of the gliadin antigen so as to
abrogate the T cell recognition.
The structure of the HLA class II heterodimer has now

been elucidated by x ray crystallography.20 The tertiary
structure of this molecule forms a groove of 40 A in length
on its upper surface into which antigen peptide is bound
for presentation to the T cell receptor. Within this groove,
pockets are sited to accept the amino acid side chains of
the antigen peptide to enable binding. Polymorphic allelic
variants encode for amino acid substitutions within this
binding groove, predominantly at the location of these
pockets, and thus affect the binding affinity of a particular
HLA molecule for specific antigen peptides. Speculation
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would suggest that the configuration of this antigen bind-
ing groove on the HLA-DQ2 molecule is important for the
presentation of gliadin antigen in the induction of coeliac
disease.
A second combination of HLA class II alleles has been

found to influence susceptibility towards coeliac disease in
eastern Mediterranean populations. Although the HLA-
DQ2 alleles remain the predominant susceptibility genes
in these regions, up to 20% of coeliac disease patients
possess genes encoding an alternative DQ molecule,
termed DQ8. The genes encoding DQ8 (DQA1*0301
DQB1*0302) are found on DR4 haplotypes.21 Gliadin
specific T cells have been isolated from these patients and
confirmed as restricted to the HLA-DQ8 molecule.5 The
identification of a second HLA susceptibility molecule
allows comparison to be made between the molecular
structures of susceptible and non-susceptible genes.
The susceptible HLA-DQ8 and the non-susceptible

HLA-DQ7 molecules differ by only four amino acid sub-
stitutions. Two of these substitutions, at positions a 13
and 26, are located in a side chain binding pocket in the
floor of the antigen binding groove. These two substitu-
tions are common to both HLA-DQ8 and HLA-DQ2
molecules, although HLA-DQ2 also posses a unique com-
bination of hydrophobic residues at a neighbouring pocket
(3 37, 38, 45, and 58). Furthermore the a-chains of both
HLA-DQ2 and -DQ8 uniquely possess a polar residue
(a 44) at the floor of a third deep pocket at the far left hand
end of the groove, rather than a positively charged amino
acid found on all other DQot chains. These findings
suggest that the genetic susceptibility towards coeliac
disease, derived from inheriting certain HIA alleles,
reflects structural differences in the key antigen binding
sites on the HLA molecule.
The next question to be answered is how substitutions at

these key antigen contact points affect antigen binding
affinity, specifically with gliadin peptides. Work is cur-
rently under way to examine the effects of point mutations
on the binding of the gliadin A peptide, residues 31-49, to
HLA-DQ2 and will hopefully provide the answers.
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