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Activation of Celiac Disease Immune System by Specific o-Gliadin Peptides
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ABSTRACT

Two different gliadin molecules (designated o-gliadin and o/B-gli-
adin) were synthesized as 52 and 58 ten amino acid (aa) long overlap-
ping peptides for the determination of their B-cell epitopes. Monoclonal
antibodies and human serum pools revealed two epitopes common for
both gliadins (peptide 14 aa:s 66-75 and peptides 340 aa:s 166-175,
360/B aa:s 176-185) and two unique epitopes (o-gliadin peptides 48
aa's 236-245 and o/B-gliadin peptide 52 aa:s 256-275). In addition,
peptide 9 (QPYPQPQPFP) aa:s 41-50 and peptide 42 (LGQGSFRPSQ)
aa:s 206-215 were detectable by monoclonal antibodies and serum
pools from patients with untreated celiac disease but not by serum pools
from disease control patients who had antigliadin antibodies. Patients
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with celiac disease were also studied for their human leukocyte antigen
(HLA) class II status (the presence of genetically determined proteins
on antigen-presenting cells that are important for immunological
recognition). Antigliadin antibody response to peptide QPYPQPQPFP
was restricted by celiac disease (and HLA class II) because relative
amounts of the antipeptide antibodies were significantly (P < 0.05)
increased in celiac disease patients. The HLA alleles DQA1*0501 and
DQB1*0201 are strongly associated with celiac disease. The difference
between patients with celiac disease and healthy control subjects with
regard to peptide QPYPQPQPFP suggest that this region in the gliadin
molecule is of pathogenetic importance in celiac disease.

Celiac disease, or gluten-sensitive enteropathy, is provoked in
genetically susceptible individuals by dietary exposure to wheat
gluten and similar proteins in other closely related cereals (Trier
1991, Marsh 1992). The typical lesion in small intestinal epi-
thelium is villous atrophy with crypt hyperplasia leading to malab-
sorption of most nutrients. Common symptoms that result from
the malabsorption include diarrhea and wasting away in adults or
a failure to thrive in children. Although symptoms are wide ranging,
monosymptomatic or symptomless manifestations are also often
present (Visakorpi and Miki 1994). Removal of wheat, rye,
barley, and oats from the diet results in histological and clinical
recovery.

Most work has focused on the gliadin proteins and the peptides
derived from them by digestion with pepsin and trypsin as being
primarily responsible for initiating changes in susceptible
individuals that ultimately lead to epithelial damage (Shewry et al
1992). All the different types of gliadins appear to be active
(Howdle et al 1984). The mechanisms by which the gliadin-
triggered immunological changes in the epithelium are initiated
and lead to damage are not understood in any significant detail.
At present, the most favored hypothesis involves interactions
between human leucocyte antigen (HLA) class II peptide
complex on the antigen-presenting cells and cell surface receptors
of T-cell lymphocytes and other cells of the immune system
(Marsh 1992). The most susceptible HLA class II DQ o/
heterodimer (DQ2) on antigen-presenting cells in celiac disease is
encoded by the DQA1*0501 and DQB1*0201 alleles.

The presence of high levels of circulating antibodies to gliadins
is a common (but not specific) feature of active celiac disease
(Savilahti et al 1983). Whether or not there is a connection
between the gliadin peptide sequences that stimulate production
of circulating antibodies and the peptide sequences that initiate
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the process leading to intestinal damage is not known. The most
immunogenic stretches of amino acid sequences in gliadins are
also not well characterized.

A few specific o-gliadin peptides have been studied both in
vivo and in vitro (Karagiannis et al 1987, Mantzaris et al 1990,
Sturgess et al 1994), but there have not been any systematic
investigations published in which a series of peptides scanning
through complete gliadin protein sequences have been investi-
gated for the ability either to react with circulating antibodies or
to produce cell-mediated responses that might lead to intestinal
damage. In this investigation, we have evaluated the reactivity of
linear B-cell epitopes (immunogenic peptide sequences) of an o~
gliadin and an o/B-gliadin (sequence based on a cDNA clone that
might correspond to either an o- or B-gliadin because they are
structurally similar) by analyzing the reactivity with several
mouse monoclonal antibodies (MAbs) and with serum pools from
celiac patients of a series of 10-residue peptides that span the
complete sequences in five-residue increments. We found several
highly active peptides that react with circulating antibodies in
human sera.

MATERIALS AND METHODS

Study Population

During 1990-1992, 98 children attending the Department of
Pediatrics at the Tampere University Hospital for suspected celiac
disease underwent small bowel biopsy. Venous blood samples
were taken on admission at the time of their initial visit.
Seventeen children showed severe jejunal mucosal damage
(subtotal villous atrophy) with crypt hyperplasia consistent with
celiac disease. They were treated with gluten-free diet and they
fulfilled the ESPGAN criteria for celiac disease (Miki et al 1989,
Walker-Smith et al 1990). The other children who were suspected
for celiac disease but had normal jejunal mucosal morphology
were thus excluded for celiac disease (disease controls).

Serum Pool Study Groups

For the epitope scanning, patients were grouped by serum
pools consisting of four individuals each. The first study group
comprised three pools derived from 12 patients with untreated
celiac disease. One of these pools consisted of patients with
known HLA class II antigen (DQA1*0501 and DQB1*0201). The
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celiac disease patients in the other two pools of this study group
were not tested for the DQA and DQB alleles. All these patients
were positive for antigliadin IgG antibodies. The second study
group comprised three pools derived from 12 patients who had
antigliadin IgG antibodies but were excluded for celiac disease.
Two of these pools consisted individuals negative for HLA
DQA1*0501 and DQB1*0201. Individuals in one pool were not
tested. The third study group was made up of one pool with
four disease control patients who were negative for HLA
DQA1*0501 and HLA DQB1*0201 and who had no antigliadin
antibodies. An additional pool of three MAbs was also used in
epitope scanning. MAb clone numbers 15E10-1, 16C4-6, and
2C11-12 were raised in mice against commercial gliadin (a
mixture of o-, B-, y-, and w-gliadins) polypeptides (3040 kDa)
obtained by preparative gel -electrophoresis (Vainio and
Varjonen 1995). They were of IgG1 isotype except for 2C11-12
(not determined for isotype).

Individual Serum Samples

The antipeptide antibody levels were further determined for 17
patients with celiac disease (mean age 8.2 years, range 1.3-16.3
years) and 21 patients suspected for celiac disease but with
normal jejunal morphology (disease controls) (mean age 7.6
years, range 0.4-13.8 years). The sera were from the diagnostic
phase, and all the celiac disease patients and 19 disease control
patients were positive for antigliadin antibodies (mean IgG level
82 and 84 EIU, respectively). The celiac disease patients were
positive for HLA DQA1*0501 and DQB1*0201, and the disease
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Fig. 1. Epitope scanning of o-gliadin (A) and o/B-gliadin (B) with
monoclonal antibodies. Histogram of antibody reactivity (absorbance at
450 nm) to individual ten amino acid long peptides. | = Reactive regions.
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control patients were negative for HLA DQA1*0501 and
DQB1*0201.

Determination of B-Cell Epitopes

Amino acid sequences of o- and o/B-gliadins were identified
by Genetic Computer Group (GCG) sequence analysis software
(University of Wisconsin, Madison, WI) on the basis of their
open reading frames (ORF) available in the European Molecular
Biology Laboratory (EMBL) gene bank. The - and o/f-gliadins
(clone A42) (Kasarda et al 1984, Okita et al 1985) containing 266
and 299 amino acids, respectively, were synthetized as 52 and 58
overlapping peptides by an epitope scanning kit (Cambridge
Research Biochemicals Ltd, CRB, UK), which is described in
detail elsewhere (Geysen et al 1987, Lehtinen et al 1990). Briefly,
synthesis of 10 amino acid long peptides on polyethylene rods
(=20 ug of peptide per rod) was conducted by Fmoc-chemistry
stepping five amino acids from peptide to peptide (Geysen et al
1987, Lehtinen et al 1990). The rods were assembled in a
microtiter plate format to be used in enzyme-linked immunosorb-
ent assay (ELISA) for the determination of B-cell epitopes in the
gliadins.

For ELISA, the rods were saturated with 1% bovine serum
albumin (BSA) in phosphate-buffered saline (PBS, pH 7.2) for 1
hr at +37°C, after which different serum pools were added. Eight
pools were used: 1) MAb; 2) disease control patients with no
antigliadin antibodies; 3-5) disease control patients with
antigliadin antibodies; and 6-8) celiac disease patients with
antigliadin antibodies. The pooled sera were diluted 1:200 (for
MADb, 1:100) in a buffer containing 1% BSA, 1% ovalbumin,
0.1% Tween 20 in PBS. They were incubated overnight at +4°C.
Next, the plates were washed four times with PBS + 0.5% Tween
20 and once with distilled water. Antihuman (antimouse in the
MADb analyses) IgG peroxidase conjugate (Dakopatts afs,
Glostrup, Denmark) was diluted 1:2,500 and allowed to react for
1 hr at +37°C. After a washing step, tetramethyl benzidine
substrate (Kirkegaard & Perry Laboratories, Gaithesburg, MD)
was applied; the reaction was stopped with 1N HCI after 30 min.
Absorbance was measured at 450 nm (Multiscan photometer,
Labsystems, Helsinki, Finland). The rods were tested and reused
after a standardized ultrasonic disruption procedure with 0.1%
mercaptoethanol in SDS at +60°C.

Computer Analyses
Search for amino acid homology was done by the FASTA
program of GCG.

ELISA for Antipeptide Antibodies

Based on the epitope scanning, peptides 9 (QPYPQPQPFP
SQQ-GGC) and 42 (LGQGSFRPSQQN-GGC) were chosen for
further ELISA analyses. The peptides containing an extra ~GGC
spacer were made with a Zinsser Analytic SMPS 350 peptide
synthetizer (Zinsser Analytics, Frankfurt, Germany) as described
in Lihdeaho et al (1993b) and Paavonen et al (1994). Fmoc-
protected amino acids were activated by HOBt (1-hydroxybenzo-
triazole, Sigma, St. Louis, MO) and N’N’-di-isopropylcarboimide
(DIC, Sigma). Deprotection was performed with 25% piperidine
(Applied Biosystems Api, Kelvin Close, Warrington, UK) in
dimethylformamide (Api). The peptides were cleaved by a solid
phase method according to King et al (1990) and checked for
purity with HPLC analysis (System-Gold, Beckmann Instru-
ments, Fullerton, CA). The IgG class antipeptide antibodies were
determined by ELISA. Briefly, Nunc Macrosorb F-plates (Nunc
InterMed a/s Arhus, Denmark) were coated with 50 mg/ml of
antigen in carbonate buffer (pH 9.5). After an overnight
incubation, the plates were saturated for 1 hr at room temperature
with 10% FCS in PBS. The serum samples and IgG peroxidase
conjugate (Dakopatts a/s) were diluted 1:20 and 1:1000,
respectively, in a dilution buffer containing 10% FCS + 0.05%






