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Transglutaminase-mediated cross-linking
of a peptic fraction of »-5 gliadin
enhances IgE reactivity in wheat-
dependent, exercise-induced anaphylaxis

Kati Palosuo, MD,2. Elina Varjonen, MD,2 Jenni Nurkkala, BSc,P
Nisse Kalkkinen, PhD,¢ Rauno Harvima, MID, PhD,d Timo Reunala, MD,2-¢ and
Harri Alenius, PhDPY Helsinki, Kuopio, and Tampere, Finland

Background: Patients with wheat-dependent, exercise-induced
anaphylaxis (WDEIA) experience recurrent anaphylactic reac-
tions when exercising after ingestion of wheat products. We
have identified ®-5 gliadin (Tri a 19) as a major allergen in
WDEIA, but the role of exercise in eliciting the symptoms
remains obscure.

Objective: The aim was to examine whether tissue transgluta-
minase (tTG)-mediated cross-linking could be involved in
modulating the IgE-binding ability and in vivo reactivity of
digested ®-5 gliadin peptides in WDEIA.

Methods: Purified ®-5 gliadin was digested with pepsin or
with pepsin and trypsin and treated with tTG. The binding of
IgE antibodies in pooled sera from 10 patients with WDEIA
was studied by means of immunoblotting before and after tTG
treatment of the digested peptides. The peptides derived from
pepsin digestion were separated by means of gel-filtration
chromatography, and IgE reactivity of 4 different peptide
fractions was studied by immunoblotting before and after tTG
treatment. The fraction showing the greatest degree of cross-
linking by tTG was further studied by means of IgE ELISA,
ELISA inhibition, and skin prick testing.

Results: The IgE-binding ability of ®-5 gliadin was retained
after pepsin and pepsin-trypsin digestion. tTG treatment of
the whole peptic digest formed large peptide complexes, with
molecular weights ranging from 40 to greater than 200 kd.
These cross-linked aggregates bound IgE antibodies in
immunoblotting more intensely than untreated, pepsin-digest-
ed, or pepsin-trypsin—digested ®-5 gliadin. A gel-filtration
fraction of the whole peptic digest corresponding to the high-
est peak of the chromatogram and showing the greatest degree
of tTG-mediated cross-linking showed an increase in serum
IgE reactivity in ELISA after tTG treatment, as well as a shift

From 2the Department of Dermatology, University of Helsinki and Hospital
for Skin and Allergic Diseases, Pthe Finnish Institute of Occupational
Health, cthe Institute of Biotechnology, University of Helsinki, Helsinki;
dthe Department of Dermatology, University and University Hospital of
Kuopio, Kuopio; and ¢the Department of Dermatology, University and
University Hospital of Tampere, Tampere.

Supported by grants from the Finnish Cultural Foundation, the Helsinki Uni-
versity Hospital Research Fund, and the Finnish Society of Dermatology.

Received for publication December 3, 2002; revised January 17, 2003;
accepted for publication February 3, 2003.

Reprint requests: Kati Palosuo, MD, Laboratory of Immunotoxicology,
Finnish Institute of Occupational Health, Topeliuksenkatu 41 b, 00250
Helsinki, Finland.

© 2003 Mosby, Inc. All rights reserved.

0091-6749/2003 $30.00 + 0

doi:10.1067/mai.2003.1498

1386

of reactivity to cross-linked complexes. In the 20 patients with
WDEIA, the mean skin prick test wheal elicited by this tTG-
treated peptic fraction was 77 % larger (P < .001) than that
elicited by the untreated peptic fraction and 56 % larger (P <
.01) than that elicited by intact ®-5 gliadin.

Conclusions: ®-5 Gliadin—derived peptides are cross-linked by
tTG, which causes a marked increase in IgE binding both in
vitro and in vivo. Activation of tTG during exercise in the
intestinal mucosa of patients with WDEIA could lead to the for-
mation of large allergen complexes capable of eliciting anaphy-
lactic reactions. (J Allergy Clin Immunol 2003;111:1386-92.)

Key words: Anaphylaxis, exercise, gliadin, IgE, transglutaminas-
es, wheat hypersensitivity

Ingestion of a specific food before physical exercise
triggers anaphylactic reactions in patients with food-
dependent, exercise-induced anaphylaxis (FDEIA).! This
severe form of allergy is regarded as a subset of classic
exercise-induced anaphylaxis, for which exercise is the
only precipitating factor.2 The symptoms in FDEIA,
including pruritus, urticaria, angioedema, dyspnea,
hypotension, collapse, and shock, are indistinguishable
from those in typical IgE-mediated anaphylaxis.3:4
Patients with FDEIA usually have IgE antibodies to the
offending food, yet food ingestion alone fails to elicit
symptoms.! Although various foods, such as celery, shell-
fish, peanut, tree nuts, and tomato, can trigger FDEIA,!:4-6
one of the most frequent causes is wheat.45.7:8

To our knowledge, wheat is the only food triggering
FDEIA, in which allergens have been characterized at
the molecular level. IgE antibodies in patients with
wheat-dependent,  exercise-induced  anaphylaxis
(WDEIA) are directed against the ethanol-soluble stor-
age proteins of the wheat grain, known as gliadins.3:8-10
We have identified ®-5 gliadin (Tri a 19) as a major aller-
gen in these patients and demonstrated the presence of
cross-reactive allergens in rye and barley.3:11

Dietary gliadins, as all ingested food proteins, are
exposed to gastrointestinal digestive enzymes (pepsin
and trypsin) before absorption through the gut epitheli-
um. Tissue transglutaminase (tTG) is an enzyme local-
ized beneath this single-layered epithelium, and gliadins
are among its few known substrates.!2 tTG can modify
proteins by means of calcium-dependent deamidation or
cross-linking of specific glutamine residues. Cross-link-
ing involves an acyl transfer reaction between a peptide-
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Abbreviations used
FDEIA: Food-dependent, exercise-induced anaphylaxis
TBS: Tris-buffered saline
tTG: Tissue transglutaminase
WDEIA: Wheat-dependent, exercise-induced anaphylaxis

bound glutamine and lysine, resulting in the formation of
an irreversible isopeptide bond protein cross-link.!3 In
addition to forming gliadin-gliadin complexes, tTG can
incorporate itself into high-molecular-weight complexes
with gliadins.!2 ®-5 Gliadin contains many potential tar-
get sites for tTG because the glutamine content of this
allergen is exceptionally high (ie, >50%).14

Under normal physiologic conditions, tTG exists as a
latent intracellular enzyme that is inactive in regard to pro-
tein cross-linking.!5> However, the enzyme is released and
activated under stress-like conditions, such as inflamma-
tion and oxidative stress.!0.17 Because exercise-induced
alterations in the immune and neuroendocrine systems are
similar to those induced by many physical stressors (eg,
trauma, sepsis, and surgery), physical exercise has been
introduced as a model of the stress response.!8

Both exercise and specific IgE antibodies are needed
to provoke symptoms in WDEIA. The reason for this
dual trigger is, however, poorly understood. We hypothe-
size that tTG could be activated during exercise in
patients with WDEIA and that tTG-mediated cross-link-
ing could enhance the IgE-binding ability of ingested ®-
5 gliadin peptides.

METHODS

Patients

Twenty patients with WDEIA (7 female and 13 male patients;
mean age, 43 years; range, 25-70 years) took part in the study. All
patients had convincing clinical histories of FDEIA after ingestion of
wheat products and positive skin prick test reactions to wheat (1:10
wt/vol 0.9% NaCl), gliadin (1 mg/mL in 20% ethanol; crude, Sigma
Chemical Co, St Louis, Mo), and purified -5 gliadin (50 pg/mL in
20% ethanol-PBS) prepared as previously described.? ®-5
Gliadin—specific IgE levels ranged from 0.1 to 2.1 AU (ELISA
absorbancy units at 405 nm; mean, 0.77 AU). Avoidance of dietary
gluten (ie, wheat, rye, and barley) has kept the patients symptom free.
The control group for the skin prick tests consisted of one adult (age
47 years) with exercise-induced anaphylaxis not related to food inges-
tion and 3 patients with immediate ingested wheat allergy not related
to exercise: one child (age 9 years) and 2 adults (age 19 and 23 years)
with wheat allergy persisting from childhood. The study was approved
by the Ethical Committee of the Helsinki University Hospital.

Purification of »-5 gliadin, digestion, and
treatment with tTG

®-5 Gliadin (Triticum aestivum; cultivar, Tjalve) was purified by
means of reversed-phase HPLC as previously described,? evaporated
in a vacuum centrifuge, and dissolved in 0.1 mol/L HCI (pH 1.8) con-
taining 5% dimethyl sulfoxide. Pepsin (P6687, Sigma) was added at
an enzyme/protein ratio of 1:100, and the mixture was incubated for
2 hours at 37°C. Before trypsin digestion or tTG treatment, the sam-
ples were evaporated and washed twice with deionized water. Trypsin
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(T7418, Sigma) was added at an enzyme/protein ratio of 1:100 in 0.1
mol/L Tris-HCl (pH 8), and the mixture was incubated for 4 hours at
37°C. The reaction was stopped by heating at 96°C for 10 minutes.
The peptic and peptic-tryptic digests of ®-5 gliadin were treated with
increasing amounts (enzyme/protein ratios of 1:3, 1:1, and 3:1) of
tTG (guinea pig liver transglutaminase, T5398, Sigma) for 2 hours at
37°C in 0.1 mol/L Tris-HCI (pH 8) containing 2 mmol/L CaCl,.

Fractionation with gel-filtration HPLC

The peptic digest of ®-5 gliadin was fractionated by means of
gel-filtration HPLC on a Superdex 75 HR 10/30 column (Amer-
sham Pharmacia Biotech, Uppsala, Sweden) at a flow rate of 0.4
mL/min in 20% acetonitrile containing 0.1% trifluoroacetic acid.
Monitoring was done at 214 nm, and the fractions were collected,
pooled, and examined by means of immunoblotting (see below)
before and after tTG treatment.

The gel-filtration fraction (fraction B) of the whole peptic digest
corresponding to the highest peak of the chromatogram was most
reactive to tTG treatment in immunoblotting. Of fraction B, 10 nug
was subjected to HPLC gel filtration on a Superdex 200 HR10/30
column (Amersham Pharmacia Biotech) before and after tTG treat-
ment (30 ng, enzyme/protein ratio of 3:1). In addition, 30 pug of tTG
was fractionated on the same column. Tris-buffered saline (TBS; pH
7.4) was used at a flow rate of 0.4 mL/min. The fractions were col-
lected and used as solid-phase antigens in IgE ELISA.

IgE immunoblotting

Immunoblotting was performed as previously described to
assess IgE reactivity and tTG-mediated cross-linking of the
digests.!! Briefly, 3 pg of intact or digested (whole peptic and pep-
tic-tryptic digests, 4 peptic gel-filtration fractions) ®-5 gliadin or
the same amount treated with tTG was dissolved in 15 uL of reduc-
ing buffer. After heating at 96°C for 2 minutes, the samples were
loaded on 11%, 12.8%, or 14% SDS polyacrylamide gels and elec-
trophoresed at 200 V for 40 minutes on a Mini Protean II device
(Bio-Rad, Hercules, Calif). The proteins were transferred from the
gels to polyvinylidene difluoride membranes (Immobilon-P; Milli-
pore, Bedford, Mass) by means of electroblotting for 1 hour at 40 V
and 1 hour at 100 V. The membranes were blocked with 5% nonfat
milk powder (Valio, Helsinki, Finland) in TBS (pH 7.4) and incu-
bated overnight with pooled sera from 10 patients with WDEIA
(diluted 1:10 in 5% milk-TBS). The membranes were incubated for
30 minutes with biotinylated goat anti-human IgE (diluted 1:1000
in 5% milk-TBS; Vector, Burlingame, Calif) and then for 30 min-
utes with alkaline phosphatase conjugated to streptavidin (diluted
1:24,000 in TBS; Zymed, San Francisco, Calif). Alkaline phos-
phatase color development buffer (Bio-Rad) was added and rinsed
after 10 minutes with tap water.

ELISA and ELISA inhibition

ELISA was performed as described earlier.3 An equal volume
(50 puL) of each fraction derived from gel filtration (Superdex 200)
of tTG or peptic fraction B before and after tTG treatment was used
for coating microtiter plates. The wells were postcoated with 1%
human serum albumin in 50 mmol/L carbonate buffer, and 100 puL
of pooled sera from 10 patients with WDEIA (diluted 1:10) was
added. Biotinylated goat anti-human IgE (diluted 1:1000, Vector)
was added, followed by streptavidin-conjugated alkaline phos-
phatase (diluted 1:1000, Zymed) and the color substrate solution
containing paranitrophenyl phosphate (104, Sigma). The optical
density was read at 405 nm with an automated ELISA reader
(Titertek Multiscan; Eflab, Turku, Finland).

In ELISA inhibition microtiter plates were coated at a concen-
tration of 2 pg/mL with intact -5 gliadin or peptic fraction B treat-
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FIG 1. IgE immunoblotting of pooled patient sera (n = 10) to 3 pg
of intact, pepsin-digested, and pepsin-trypsin—-digested ®-5
gliadin treated with 9, 3, and 1 ug of tTG. Lane A, Intact »-5
gliadin; lane B, peptic digest; lane C, peptic digest plus tTG (3:1);
lane D, peptic digest plus tTG (1:1); lane E, peptic digest plus tTG
(1:3); lane F peptic-tryptic digest; lane G, peptic-tryptic digest plus
tTG (3:1); lane H, peptic-tryptic digest plus tTG (1:1); lane I, peptic-
tryptic digest plus tTG (1:3); lane J, 9 ug of tTG.

ed with tTG. Individual and pooled sera from 10 patients with
WDEIA were preincubated for 1 hour with serial 10-fold dilutions
of -5 gliadin or tTG-treated peptic fraction B before applying
them to the microtiter plate. The inhibitor concentrations, ranging
from 0.005 to 50 pg/mL, corresponded to the protein concentrations
before tTG treatment. All other steps were performed as described
above for ELISA.

Skin prick testing

The skin prick test extracts were prepared by dissolving 5 ng of
untreated ®-5 gliadin, the whole peptic digest, the peptic-tryptic
digest, or peptic fraction B from gel filtration in 100 uL of 20%
ethanol in 0.1 mol/L Tris-HCI (pH 8; concentration, 50 pug/mL). An
equal amount of each antigen was treated with tTG (15 pg,
enzyme/protein ratio of 3:1), and the volume was adjusted to 100 uL.
in 20% ethanol in 0.1 mol/L Tris-HCI. Histamine dihydrochloride (10
mg/mL; ALK, Copenhagen, Denmark) was used as a positive control,
and tTG (150 ug/mL in 20% ethanol-Tris-HCI), 20% ethanol-Tris-
HCI, and physiologic saline solution were used as negative controls.

RESULTS

tTG treatment of digested -5 gliadin forms
high-molecular-weight complexes showing
strong IgE binding in immunoblotting

In immunoblotting pooled sera from 10 patients with
WDEIA showed clear IgE binding to the peptides
derived from pepsin digestion of w-5 gliadin (Fig 1).
Subsequent tTG treatment of the whole peptic digest
formed large peptide aggregates, with molecular weights
ranging from 40 to over 200 kd. These cross-linked
aggregates showed more intense IgE binding in
immunoblotting than did the peptic digest or intact ®-5
gliadin. Successive pepsin and trypsin digestion fraction-
ated -5 gliadin into smaller peptides that were cross-
linked by tTG to a lesser extent than the peptic digest and
showed weaker IgE binding in immunoblotting (Fig 1).

The peptides in the whole peptic digest were further
characterized by means of gel-filtration HPLC (Fig 2, A).
Of the 4 fractions (fractions A-D) studied with
immunoblotting (Fig 2, B), the first 3 were cross-linked
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by tTG (Fig 2, C). The second fraction (fraction B), cor-
responding to the highest peak of the gel-filtration chro-
matogram and thus to the largest amount of protein,
showed the greatest degree of cross-linking by tTG and
the most intense IgE binding in immunoblotting.

tTG treatment of peptic fraction B increases
IgE binding in ELISA

The most reactive peptic fraction B and an equivalent
amount of the fraction treated with tTG were subjected
again to gel-filtration HPLC to examine the complexes
formed after tTG treatment. Fractions, separated accord-
ing to size, were collected, and their IgE-binding abilities
were compared in ELISA. (TG treatment created a pro-
tein peak that eluted earlier in the chromatogram and was
not present in the untreated peptic fraction B (Fig 3, A).
In ELISA IgE from pooled patient sera (n = 10) showed
clear binding to this tTG-derived protein peak, as well as
higher IgE values to all fractions after tTG treatment (Fig
3, B). None of the patient sera showed IgE binding to
tTG or any of its gel-filtration fractions.

-5 Gliadin inhibits more than 90% of
serum IgE binding to the tTG-treated peptic
fraction B

In ELISA inhibition intact ®-5 gliadin (0.005-50
pg/mL) inhibited in a dose-dependent manner up to 90% to
95% of patient serum (n = 10) IgE binding to the tTG-treat-
ed peptic fraction B and vice versa (Fig 4). The inhibition
curve was almost identical when IgE binding to solid-phase
-5 gliadin was inhibited with ®-5 gliadin itself.

tTG treatment enhances in vivo reactivity in
skin prick testing

In 18 of the 20 patients with WDEIA, the tTG-treated
peptic fraction B caused a markedly larger skin prick test
reaction than untreated peptic fraction B (Fig 5, A). In the
20 patients the mean wheal area of the tTG-treated peptic
fraction B (53 mm?) was 77% larger (P < .001, Wilcoxon
matched pairs test) than that of untreated peptic fraction B
(30 mm?) and 56% larger (P < .01, Wilcoxon matched
pairs test) than that of intact -5 gliadin (34 mm?; Fig 5,
B). Compared with the reaction caused by histamine (19
mm?), ®-5 gliadin caused, on average, a 1.8-fold larger
reaction, peptic fraction B a 1.6-fold larger reaction, and
tTG-treated peptic fraction B a 2.8-fold larger reaction.
The mean wheal areas of the whole peptic digest (30 mm?2)
and the peptic-tryptic digest (30 mm?) increased slightly
after tTG treatment (34 and 36 mm?2, respectively), but the
differences were statistically insignificant (data not
shown). Skin prick test responses to tTG were negative in
all patients and control subjects. The 3 control subjects
with ingested wheat allergy not related to exercise had
positive reactions to intact ®-5 gliadin (mean wheal area
20 mm?2) but had negative reactions to untreated and tTG-
treated peptic fraction B. Skin prick test responses were
completely negative in the patient with exercise-induced
anaphylaxis not related to food ingestion.
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FIG 2. A, Gel-filtration HPLC (Superdex 75) chromatogram at 214 nm of the whole peptic digest of ®-5
gliadin. The arrow indicates the approximate elution position of intact ®-5 gliadin. B, IgE binding in
immunoblotting of pooled patient sera to 3 ug of gel-filtration fractions A through D of the whole peptic
digest of w-5 gliadin. C, IgE binding in immunoblotting of pooled patient sera to 3 ug of the same fractions
A through D after tTG treatment.
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FIG 3. A, Gel-filtration HPLC (Superdex 200) chromatogram at 214 nm of the peptic fraction B of -5 gliadin
before (gray fill) and after (no fill) tTG treatment and of tTG only (dotted line). The arrow indicates the
approximate elution position of tTG at 78 kd. B, IgE antibody levels in ELISA (absorbancy units) to the 3 pep-
tide pools (A-C) of the peptic fraction B of ©-5 gliadin before (shaded bars) and after (open bars) tTG treat-
ment in pooled patient sera.
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FIG 4. Inhibition of IgE binding from pooled patient sera to solid-
phase o-5 gliadin by tTG-treated peptic fraction B (open circles),
and -5 gliadin (stars) and to tTG-treated peptic fraction B on
solid phase by -5 gliadin (filled circles).

DISCUSSION

We show that the IgE-binding ability of ®-5 gliadin, a
major allergen in WDEIA, is retained after pepsin and
trypsin digestion and that digested peptides are cross-
linked by tTG into high-molecular-weight complexes.
Cross-linking of a dominant peptic fraction of ®-5
gliadin considerably increases IgE binding both in vitro
and in vivo in patients with WDEIA. We hypothesize that
tTG activation during physical exercise could create
large allergen complexes capable of eliciting anaphylac-
tic reactions in sensitized individuals.

Immunoblotting experiments, as well as gel-filtration
experiments, demonstrated that tTG treatment of digest-
ed ®-5 gliadin forms high-molecular-weight complexes
showing strong IgE binding in immunoblotting assays,
ELISAS, and skin prick tests. The detailed structures of
these complexes were not studied, but they are likely to
consist of -5 gliadin peptides cross-linked to each other
but also to tTG itself.12 The finding that intact ®-5
gliadin inhibited serum IgE binding to these complexes
and vice versa suggests that the IgE-binding epitopes in
-5 gliadin are conserved during digestion and that tTG
does not create neoepitopes. Although the actual number
of IgE-binding epitopes in the digested peptides seems
unaltered after tTG treatment, covalent incorporation of
these peptides into highly stable aggregates alters their
spatial arrangement, which could explain the significant-
ly enhanced skin prick test responses. Namely, large
complexes of IgE-binding peptides irreversibly bound to
a carrier-like protein could cross-link IgE molecules on
cutaneous mast cells more effectively than the same
amount of epitopes present on individual peptides.
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tTG belongs to the family of transglutaminase
enzymes that modify proteins by inserting isopeptide
bonds between polypeptide chains, forming highly stable
protein cross-links.13:19 Unlike other transglutaminases,
tTG can also hydrolyze ATP and guanosine triphosphate
and act as a signal-transducing G-protein.20 tTG has been
implicated in diverse biologic processes, including cell
growth and differentiation, tissue repair, receptor-mediat-
ed endocytosis, and the induction of apoptosis, but its
precise physiologic function remains unknown.13.19
Inappropriate tTG activation is related to various disease
processes, including neurogenerative diseases, tissue
fibrosis, atherosclerosis, and cataract formation.!7 The
role of tTG is well established in celiac disease. In this
inflammatory disease of the small intestine, tTG-cat-
alyzed deamidation of ingested gliadins enhances their
recognition by gut-derived T cells,!22! and tTG itself is
a target for autoantibody formation.22

Under physiologic conditions, tTG exists in an inac-
tive guanosine triphosphate—binding state but might
function as a signal-transducing G-protein.13.20 Increased
calcium levels (eg, after cellular damage) induce a con-
formational change that activates the cross-linking func-
tion of tTG.23.24 Increased cross-linking activity has been
observed under stress conditions, including inflamma-
tion, infection, and metabolic and oxidative stress.10-17
Induction of the acute-phase response in mice by LPS led
to an increase in transglutaminase activity.2S In addition,
many molecules, such as the cytokines IL-6 and TNF-
,25:26 retinoids,?” glucocorticoid hormones,?8 and reac-
tive oxygen species,?? can induce tTG expression and
increase its activity.

Although no direct evidence of tTG activation in
response to exercise exists, many factors released during
exercise are known to activate this stress-responsive
enzyme. Physical exercise elicits a subclinical inflamma-
tory response manifested by increases in the pro-inflam-
matory cytokines TNF-o and IL-13, followed by a dra-
matic increase in the inflammation-responsive cytokine
IL-6.3031 The contracting skeletal muscle produces IL-6
in large amounts during exercise, and it is released into
the circulation to a greater extent than any other
cytokine.32:33 Tn addition, exercise increases plasma con-
centrations of glucocorticoid stress hormones, including
cortisol, growth hormone, and catecholamines.3! More-
over, intense physical exercise has the potential to
increase production of reactive oxygen species and lead to
oxidative stress.34-35 Strenuous exercise reduces splanch-
nic blood flow up to 50%,36-37 which might lead to gastric
mucosal ischemia and increased intestinal permeabili-
ty.3839 Taken together, tTG can be activated by TNF-q,
IL-6, glucocorticoid hormones, and reactive oxygen
species, all of which are detectable in an exercising indi-
vidual. Furthermore, severe or prolonged exercise might
cause intestinal ischemia and cellular damage. It is thus
reasonable to speculate that the cross-linking function of
tTG could be activated during physical exercise.

Several earlier studies have addressed the role of exer-
cise in provoking symptoms of FDEIA. These studies
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FIG 5. A, Skin prick test results in 20 patients with WDEIA to peptic fraction B of -5 gliadin before and after
tTG treatment. B, Mean skin prick test wheal areas to histamine, ®-5 gliadin, peptic fraction B, and tTG-treat-
ed peptic fraction B in the 20 patients. The bars represent the means, and the error bars represent the SEMs.

**P< .01 and ***P < .001, Wilcoxon matched pairs test.

have hypothesized that exercise might increase intestinal
allergen absorption, provoke abnormal responses of the
autonomic nervous system, or lower the threshold for
IgE-mediated mast cell degranulation.404! Qur previous
study demonstrated high basophil histamine release in
patients with WDEIA in response to gliadin stimula-
tion,!0 but evidence on lower mast cell degranulation
thresholds during exercise or increased intestinal allergen
absorption in WDEIA is lacking. Interestingly, 2 recent
reports demonstrated that aspirin potentiated wheat-
induced symptoms during exercise provocation tests and
that combined wheat and aspirin ingestion was able to
trigger symptoms in patients with WDEIA, even without
exercise.#243 Earlier in vitro studies have shown that
nonsteroidal anti-inflammatory drugs, such as aspirin,
augment allergen-induced histamine release from human
mast cells and basophils.#4 On the other hand, aspirin is
known to induce cellular injury to the gastrointestinal
mucosa,*> which could possibly contribute to the activa-
tion of tTG. Allergen absorption might also increase
because aspirin intake during prolonged exercise causes
a significant increase in gastrointestinal permeability.4
Nevertheless, aspirin intake was not a contributing factor
in any of our 20 patients with WDEIA.

Here we examined whether gastrointestinal digestive
enzymes and tTG modulate the IgE-binding ability of ®-
5 gliadin in patients with WDEIA. We demonstrate that
pepsin digestion of ®-5 gliadin forms peptides that are
cross-linked by tTG into high-molecular-weight com-

plexes showing strong binding of serum IgE antibodies.
Cross-linking of a dominant peptic digest fraction brings
about a dramatic increase in skin prick test reactivity. Our
findings, together with recent data on tTG activation and
exercise immunology, support the hypothesis that activa-
tion of tTG during exercise could create large allergen
complexes capable of eliciting anaphylactic reactions in
patients with WDEIA. Further in vivo studies demon-
strating exercise-induced activation of tTG and the pres-
ence of gliadin-tTG complexes in the circulation or
intestinal mucosa of patients with WDEIA are needed to
confirm our hypothesis. Future work will also elucidate
whether tTG can cross-link other food allergens capable
of eliciting FDEIA.

‘We thank Mrs Leena Petman for expert skin prick testing.
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