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Summary Background: Wheat-dependent exercise-induced anaphylaxis is an ana-
phylaxy induced by physical exercise after ingestion of wheat. An immediate-type
hypersensitivity to water/salt-insoluble fraction of wheat proteins (gluten) has been
considered to underlie in this disease. Objective: The aim of the study is to
determine the major allergen in Japanese patients with wheat-dependent exercise-
induced anaphylaxis by using a panel of purified wheat gliadins and glutenins.
Methods: Water/salt-insoluble wheat proteins, a-gliadin, b-gliadin, g-gliadin, fast v-
gliadin, slow v-gliadin, high molecular weight glutenin and low molecular weight
glutenin, were purified, and five patients with wheat-dependent exercise-induced
anaphylaxis, whose diagnose had been determined by positive-challenge test, were
evaluated for skin prick test, dot-blotting test and CAP�/RAST inhibition test by using
these purified wheat proteins. Results: The fast v-gliadin was the most potent
allergen among these water/salt-insoluble proteins when evaluated by skin prick test
and dot-blotting test. Fast and slow v-gliadin, and g-gliadin caused dose-dependent
inhibition of the serum IgE-binding to solid-phase gluten in the patients. The
incubation with fast v-gliadin of the patient’s serum caused dose-dependent
inhibition in the IgE-binding to g-gliadin as well as slow v-gliadin, indicating a
cross-reactivity of these proteins in IgE-binding. Conclusion: We concluded that fast
v-gliadin is a major allergen among these water/salt-insoluble proteins for wheat-
dependent exercise-induced anaphylaxis in Japanese patients, and IgE against fast v-
gliadin cross-reacts to g-gliadin and slow v-gliadin.
– 2003 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland
Ltd. All rights reserved.

1. Introduction

Wheat-dependent exercise-induced anaphylaxis
is a distinct form of wheat-allergy, which is induced
by physical exercise after ingestion of wheat. The
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typical symptom is generalized urticaria associated
with shock or hypotention. Although the mechan-
ism of physical exercise-induction in the anaphy-
laxis is unclear, an immediate-type hypersensitivity
to water/salt-insoluble fraction of wheat proteins
(gluten), has been considered to underlie in this
disease. Among the wheat water/salt-insoluble
proteins, in our previous study we identified wheat
g-gliadin as a presumptive major allergen by
immunoblotting as well as RAST inhibition test
[1,2]. Recently Palosuo et al. have identified v-5
gliadin, which had been reported g-gliadin-like
protein in their previous report [3], as a major
allergen in children with wheat-dependent exer-
cise-induced anaphylaxis [4]. In the present study
we tested a panel of purified gliadins and glutenins
for allergens in the patients with wheat-dependent
exercise-induced anaphylaxis, and determined that
fast v-gliadin (contains v-5 gliadin) is a major
allergen in wheat-dependent exercise-induced ana-
phylaxis, and IgE against fast v-gliadin cross-reacts
to other gliadins.

2. Patients and methods

2.1. Patients

Five patients with wheat-dependent exercise-
induced anaphylaxis, whose diagnose had been
determined by positive-challenge test, were en-
rolled in this study (challenge test data shown in
Table 1). The challenge test was carried out as
described previously [1]. Initially 6-h fasting 100 or
150 g of wheat flour was ingested. Exercise
challenge was undertaken with the standard Bruce
protocol. In some cases 500 mg of aspirin was
ingested 30 min before wheat-ingestion. One
healthy control was enrolled in the study.

2.2. Preparation of gliadins and glutenins

Wheat gluten, a-gliadin, b-gliadin, g-gliadin, fast
v-gliadin, slow v-gliadin, high molecular weight
glutenin (HMW) and low molecular weight glutenin
(LMW), were prepared as previously described
[1,5,6]. Briefly, wheat flour was defatted and
water-soluble proteins were extracted in 0.5 M
NaCl. After centrifugation, the pellet was stirred
with 70% (v/v) aqueous ethanol. The supernatant
was freeze-dried and dissolved in 6M urea. a-
Gliadin, b-gliadin, g-gliadin, fast v-gliadin, slow
v-gliadin and LMW were purified on size exclusion
chromatography followed by ion-exchange chroma-
tography. The pellet of 70% ethanol preparation
was extracted in 1% acetic acid for HMW prepara-
tion. The purity of these fractions was determined
by SDS-PAGE.

2.3. Skin prick testing

For skin prick-test, each protein was dissolved in
50% glycerol at a concentration of 100 mg/ml. After
15 min of the test, reaction was evaluated for
wheal and erythema diameter.

2.4. Dot-blotting

Serum samples were obtained from the patients
and the healthy subject, and stored at �/70 8C
until use. Gluten, a-gliadin, b-gliadin, g-gliadin, v-
gliadins, HMW and LMW were dissolved in buffer (50
mM sodium acetate, 25 mM phosphate buffer) at a
concentration of 1 mg/ml. Each protein (10 mg/
spot) was blotted on nitrocellulose sheets (Schlei-
cher & Schnell, 0.2 mm, Kassel, Germany), and
incubated with serum (final concentration 10%) for
30 min. The IgE antibodies reacting the water/salt-
insoluble wheat proteins were visualized by using
ECLTM Western Blotting Analysis System (Amersham
Pharmacia Biotech, UK) after incubating with
peroxidase-labelled anti-human IgE antibodies

Table 1 Challenge test in the patients with wheat-dependent exercise-induced anaphylaxis

Patient no. Age (years)/sex Challenge test

Wheat alone Exercise alone Wheat�/

exercise
Aspirin�/wheat Aspirin�/wheat�/

exercise

1a 44/M �/ �/ Urticaria Not done Not done
2a 43/M �/ �/ Urticaria Not done Not done
3 54/M �/ �/ Urticaria Not done Not done
4 17/F �/ �/ Erythema Urticaria Not done
5 54/M �/ �/ �/ �/ Urticaria, shock

a Patient 1 and 2 were reported previously [1].
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(Biosource, CA). The intensity of the chemilumine-
sence on the dots was calculated as integrated
optical density, which was subtracted by the value
against BSA in each patient using an image-analyz-
ing soft (Gel-Pro analyzer, Media Cybernetics, Inc.,
MD). Cross-reactivity of IgE against gliadins was
determined as inhibition for dot-blotting. The
patients’ sera were mixed with a various amount
of purified fast v-gliadin, incubated at 37 8C for 30
min, and reacted with v-gliadins and g-gliadin
blotted on the nitrocellulose sheets. The inhibition
was expressed as percentage of values obtained
from buffer-treated patients’ sera.

2.5. CAP�/RAST inhibition

Specific IgE antibodies for gluten in serum were
determined by a fluoroenzyme immunoassay (CAP
system, Pharmacia Upjohn, Uppsala, Sweden) [7].
In inhibition test for gluten specific IgE-titer by g-
gliadin or v-gliadins, the patients’ sera were mixed
with a various amount of purified g-gliadin or v-
gliadins, and incubated at 37 8C for 30 min before
determination of specific IgE to gluten. The inhibi-
tion was expressed as percentage of values ob-
tained from buffer-treated patients’ sera as
previously described [2].

3. Results

The data of skin prick test and dot-blotting were
summarized in Tables 2 and 3. In skin prick test all
patients reacted with gluten and at least two types
of gliadins or glutenins. Four of five patients
reacted with fast v-gliadin, three reacted with g-
gliadin or slow v-gliadin, however, a-gliadin and b-
gliadin were found to be less allergenic. Specific
IgE-reacting with these water/salt-insoluble wheat
proteins in the patients’ sera was determined by
dot-blotting (the reaction data in patient 3 was
representatively shown in Fig. 1). The patients’
sera reacted with these proteins almost parallel to
the skin-reaction with a few exceptions. In this dot-
blotting test high titer of IgE reacting to gluten was
detected in all patients’ sera, and fast v-gliadin
was the most potent allergen among these water/
salt-insoluble proteins.

Then we examined whether the IgE reacting to
gluten is inhibited by preincubation with v-gliadins
and g-gliadin by using CAP system as previously
described [2]. The titer of IgE reacting to gluten
enough to inhibition-test was obtained in three
patients (patient 3, 4 and 5), and the results were
shown in Fig. 2. The v-gliadins and g-gliadin caused
dose-dependent inhibition of the patients’ serum
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IgE-binding to solid-phase gluten proteins in all
three patients. Almost 100% inhibition was ob-
tained at 100 mg/ml of fast v-gliadin (final con-
centration), however, more of 60% inhibition and
somewhat less inhibition were seen with slow v-
gliadin as well as g-gliadin. This result indicates
that fast v-gliadin has the highest affinity to the
patients’ sera. To determine the cross-reactivity of
IgE against these gliadins, the patient’s serum
(patient 3) were preincubated with fast v-gliadin
at a various concentration for 30 min and then
determined the reactivity to v-gliadins and g-
gliadin by dot-blotting. The incubation with fast
v-gliadin of the patient’s serum caused dose-

Table 3 Dot-blot with sera of the patients with wheat-dependent exercise-induced anaphylaxis

Patients a b g Fast v Slow v HMW LMW Gluten

1 42 26 96 845 223 590 504 1982
2 395 119 52 2867 606 2162 795 3304
3 27 3 4 2205 232 181 43 8228
4 83 0 18 333 0 1218 159 1084
5 409 24 0 628 77 362 256 1249
Control 34 6 35 36 202 38 34 79

Data was expressed as integrated optical density.

Fig. 1 Dot-blotting with wheat gliadins and glutenins.
Gluten, purified a-gliadin (a), b-gliadin (b), g-gliadin (g),
fast v-gliadin (fast v), slow v-gliadin (slow v), HMW
glutenin and LMW glutenin were prepared as previously
described [2,5,6]. The result of patient 3 was shown.

Fig. 2 Inhibition of IgE binding to solid-phase wheat gluten following preincubation of serum with purified fast v-
gliadin, slow v-gliadin and g-gliadin in three patients.
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dependent inhibition in the IgE-binding to g-gliadin
and slow v-gliadin as shown in Fig. 3.

4. Discussion

Various foods have been reported to be asso-
ciated with exercise-induced anaphylaxis as aller-
gens. These include wheat, shellfish, vegetables,
nuts, and fish [8,9]. Among them wheat is the most
frequent causative food in Japan [9]. The water/
salt-insoluble wheat proteins, termed as gluten,
have been considered to be causative allergens for
the wheat-dependent exercise-induced anaphy-
laxis. The wheat gluten is categorized as gliadins
and glutenins. The former consists of a-gliadin, b-
gliadin, g-gliadin and v-gliadins, and the latter
divided into HMW and LMW. In our previous studies
we identified g-gliadin as a presumptive allergen in
wheat-dependent exercise-induced anaphylaxis in
Western blotting followed by amino acid sequence
of the IgE-binding wheat gluten protein [1,2]. On
the other hand, Palosuo et al. [3,4] determined a-
gliadin and g-gliadin-like protein (later this was
found to be identical to v-5 gliadin) as major
allergen for the anaphylaxis. These studies suggest
a diversity of causative allergen in the wheat-
dependent exercise-induced anaphylaxis.

In the present study we concluded that fast v-
gliadin is major allergen among these water/salt-
insoluble proteins for wheat-dependent exercise-
induced anaphylaxis in Japanese patients, and IgE
against fast v-gliadin cross-reacts to other gliadins.
In skin prick test three of five patients show
positive reaction to g-gliadin, however, stronger
reaction was seen with fast v-gliadin in these
patients. In addition, all patients had IgE antibo-
dies to fast v-gliadin when tested by dot-blotting

as shown in Table 3. Moreover, in CAP�/RAST
inhibition studies fast v-gliadin inhibited over 90%
of the binding of IgE antibodies from patients’ sera
to solid-phase gluten, indicating that the most part
of IgE antibodies in the patients’ sera reacting to
gluten recognized fast v-gliadin. The titer of IgE
reacting to g-gliadin was very low in patient 2, 3
and 5 in contrast to the reaction in skin prick test.
Also the titer of IgE reacting to HMW was high in
patient 1, 2 and 5 in contrast to the reaction in skin
prick test. The reason for this dissociation is
unclear at the moments.

The reactivity of IgE antibodies to solid-phase
gluten was also inhibited up to 80�/100% with g-
gliadin and slow v-gliadin, respectively (Fig. 2).
These results indicate the cross-reactivity of the
IgE antibodies against these gliadins in the pa-
tients’ sera. The idea was clearly supported by the
dose-dependent inhibition of binding to g-gliadin
and slow v-gliadin of the IgE antibodies of the
patient’s serum with fast v-gliadin as shown in Fig.
3. This was also supported by the fact that v-5
gliadin has high amino acid sequence homology to
g-gliadin [3,4]. In addition, such cross-reactivity
was reported between v-5 gliadin and other cereal
proteins, rye secalins and barley hordein [10]. But
possible contaminations might still be considered
in our gliadin-preparation.

Bread wheat (Tritium aestivum ) is an allohex-
aploid with three genomes called A, B and D.
Although v-gliadins are complex polymorphic mix-
tures of polypeptides, most are encoded by single
loci, which are located in similar position on the
short arms of the group of chromosome 1 of wheat
(1A, 1B and 1D) [11]. The fast v-gliadin corre-
sponds to the 1B-encoded gliadins and the slow v-
gliadin corresponds to the 1A- and 1D-encoded
gliadins. The two groups have similar amino acid
compositions, being characterized by high contents
of glutamine, proline and phenylalanine, low con-
tents of charged amino acids, and lack of cysteine
[11]. The 1A- and 1D-encoded v-gliadins (slow v-
gliadin) contain about 40 mol.% glutamine and 30
mol.% proline, whereas the 1B-encoded v-gliadins
(fast v-gliadin) contain higher levels of glutamine
(approximately 50 mol.%) and less proline (approxi-
mately 20 mol.%). The slow v-gliadin is homologous
to the C hordeins of barley and v-secalins of rye,
and the gene sequences show that amino acid
sequences of these proteins are largely repetitive,
consisting mainly of octapeptides (consensus
PQQPFPQQ) flanked by unique short sequences
[11]. This repeat motif is similar to that found in
the repetitive domain of g-gliadins (consensus
PQQPFPQ), supporting the immunological cross-
reactivity of these proteins. So far there exist no

Fig. 3 Inhibition of IgE binding to v-gliadins and g-
gliadin dot-blotted on nitrocellulose sheets following
preincubation of serum with a various concentration of
fast v-gliadin. The result of patient 3 was shown.
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reported gene sequences for the fast v-gliadins,
the amino acid-compositions would indicate a
different repeat motif. DuPont et al. [12] reported
repeats of QQXP, QQQXP or QQQQXP for 1B-
encoded v-gliadins (fast v-gliadin), where X is
phenylalanine, isoleucine or leucine in order of
predominance, being distinct from the repeat type
of the slow v-gliadin. This might account for the
strongest allergenicity of the fast v-gliadin.

Although the reaction pattern to these purified
gliadins/glutenins was varied among the patients
with wheat-dependent exercise-induced anaphy-
laxis, the fast v-gliadin is commonly allergic,
suggesting existence of IgE-binding epitopes in
the fast v-gliadin which are commonly causative
for the anaphylaxis. Studies of the IgE-binding
epitopes will elucidate the molecular mechanism
underlying the wheat-dependent exercise-induced
anaphylaxis, and may provide a useful tool for the
diagnosis of wheat-allergy. Exercise-challenge test,
or alternatively aspirin-challenge test, combined
with wheat-ingestion is reliable test for the diag-
nosis of the wheat-dependent exercise-induced
anaphylaxis [13,14], however, such challenge tests
sometimes result in so serious reactions that the
tests should be limited. In vitro detection of IgE
specific for the causative epitopes might replace
the challenge tests in diagnosis of the wheat-
dependent exercise-induced anaphylaxis.

References

[1] Morita E, Yamamura Y, Mihara S, Kameyoshi Y, Yamamoto S.
Food-dependent exercise-induced anaphylaxis: a report of
two cases and determination of wheat-gamma-gliadin as
the presumptive allergen. Br J Dermatol 2000;143:1059�/

63.
[2] Morita E, Kameyoshi Y, Mihara S, Hiragun T, Yamamoto S.

Gamma-gliadin: a presumptive allergen causing wheat-

dependent exercise-induced anaphylaxis. Br J Dermatol
2001;145:182�/4.

[3] Palosuo K, Alenius H, Varjonen E, Koivuluhta M, Mikkola J,
Keskinen H, et al. A novel wheat gliadin as a cause of
exercise-induced anaphylaxis. J Allergy Clin Immunol
1999;103:912�/7.

[4] Palosuo K, Varjonen E, Kekki OM, Klemola T, Kalkkinen N,
Alenius H, et al. Wheat omega-5 gliadin is a major allergen
in children with immediate allergy to ingested wheat. J
Allergy Clin Immunol 2001;108:634�/8.

[5] Tatham AS, Shewry PR. The conformation of wheat gluten
proteins. The secondary structures and thermal stabilities
of a-, b-, g- and v-gliadins. J Cereal Sci 1985;3:103�/13.

[6] Sandiford CP, Tatham AS, Welch JA, Jones MG, Tee RD,
Shewry PR, et al. Identification of the major water/salt
insoluble wheat proteins involved in cereal hypersensitiv-
ity. Clin Exp Allergy 1997;27:1120�/9.

[7] Sigurs N, Hattevig G, Kjellman B, Kjellman N-IM, Björksten
B. Appearance of atopic disease in relation to serum IgE
antibodies in children followed up from birth for 4 to 15
years. J Allergy Clin Immunol 1994;94:757�/63.

[8] Kushimoto H, Aoki T. Masked type I wheat allergy. Relation
to exercise-induced anaphylaxis. Arch Dermatol
1985;121:355�/60.

[9] Dohi M, Suko M, Sugiyama H, et al. Food-dependent,
exercise-induced anaphylaxis: a study on 11 Japanese
cases. J Allergy Clin Immunol 1991;87:34�/40.

[10] Palosuo K, Alenius H, Varjonen E, Kalkkinen N, Reunala T.
Rye g-70 and g-35 secalins and barley g-3 hordein cross-
react with v-5 gliadin, a major allergen in wheat-depen-
dent, exercise-induced anaphylaxis. Clin Exp Allergy
2001;31:466�/73.

[11] Tatham AS, Shewry PR. The S-poor prolamins of wheat,
barley and rye. J Cereal Sci 1995;22:1�/16.

[12] DuPont FM, Vensel WH, Chan R, Kasarda DD. Characteriza-
tion of the 1B type v-gliadins from Triticum aestivum
cultivar Butte. Cereal Chem 2000;77:607�/14.

[13] Harada S, Horikawa T, Ashida M, Kamo T, Nishioka E,
Ichihashi M. Aspirin enhances the induction of type I
allergic symptoms when combined with food and exercise
in patients with food-dependent exercise-induced anaphy-
laxis. Br J Dermatol 2001;145:336�/9.

[14] Aihara M, Miyazawa M, Osuna H, Tsubaki K, Ikebe T, Aihara
Y, et al. Food-dependent exercise-induced anaphylaxis:
influence of concurrent aspirin administration on skin
testing and provocation. Br J Dermatol 2002;146:466�/72.

104 E. Morita et al.


	Fast omega-gliadin is a major allergen in wheat-dependent exercise-induced anaphylaxisFast omega-gliadin is a major allergen in wheat-dependent exercise-induced anaphylaxis
	Introduction
	Patients and methods
	Patients
	Preparation of gliadins and glutenins
	Skin prick testing
	Dot-blotting
	CAP-RAST inhibition

	Results
	Discussion
	References


