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Abstract

Wheat-dependent exercise-induced anaphylaxis (WDEIA) is characterized by ana-
phylactic reactions after wheat ingestion and physical exercise. IgE antibodies to
recombinant os-gliadin are detectable in a majority of WDEIA patients, but
other wheat allergens may also play a role in elicitation of WDEIA. Here, we
performed a comprehensive analysis of IgE reactivity to different wheat proteins
in 17 patients with confirmed WDEIA by ImmunoCAP research prototypes and
a semi-quantitative microarray immunoassay with o/f/y-gliadin, high-molecular-
weight (HMW) glutenin, alpha-amylase inhibitor (AAI) dimer, and wheat lipid
transfer protein (LTP). By ImmunoCAP, IgE to recombinant ws-gliadin was
detectable in 14/17 patients (82%), to o/B/y-gliadin in 82% including the three
patients lacking IgE to ms-gliadin, and to HMW glutenin in 59%. The microarray
revealed specifically y-gliadin as the second most important allergen. These results
demonstrate the additional diagnostic value of o/B- and y-gliadin in particular in
ws-gliadin-negative patients in the diagnosis of WDEIA.

Wheat-dependent exercise-induced anaphylaxis (WDEIA) is a
rare, but potentially severe form of food allergy (1, 2). It is
clinically characterized by anaphylactic reactions ranging
from urticaria to respiratory, gastrointestinal, or cardiovascu-
lar symptoms that occur usually 1-4 h after wheat ingestion
followed by physical exercise. Cofactors such as aspirin, alco-
hol intake, infections, stress, or female sex hormones/
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menstruation can substitute for or synergize with exercise in
eliciting the immediate-type hypersensitivity reaction after
ingestion of wheat (3).

Wheat proteins are classified into water/salt-soluble pro-
teins (e.g., alpha-amylase inhibitor) and water/salt-insoluble
glutens. The latter group comprises gliadins (classified into
o/B-, v-, and wo-gliadins according to their electrophoretic
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mobility) and glutenins. Specifically, ws-gliadin (Tri a 19) has
been described as a major allergen, and specific IgE antibodies
to recombinant ws-gliadin are detectable by ImmunoCAP
(Phadia AB, Uppsala, Sweden) in approximately 80% of
WDEIA patients (4). In WDEIA, sensitization to wheat pro-
teins has been suggested to occur mostly intestinal. More
recently, rhinoconjunctival or cutaneous contact of wheat
protein hydrolysates present in cosmetic products has been
described as route of sensitization (5). In patients sensitized
to hydrolyzed wheat proteins, ws-gliadin seems not to be the
major allergen, instead other gliadins or glutenins were sug-
gested to be relevant (5).

Here, we assessed the IgE profile to a broad spectrum of
well-characterized and highly purified wheat allergens in 17
patients with conventional WDEIA (Table 1). The diagnosis
was based on a typical history in all patients: a combination
of wheat intake and exercise as eliciting factors was reported
by 12/17 patients, while in three patients, additional factors
(aspirin, alcohol, or infection) were required, and in two
patients, aspirin or alcohol intake provoked WDEIA also in
the absence of exercise (patient no. 6 and 10). The diagnosis
was confirmed by a positive food and exercise challenge test
following wheat ingestion in 10/12 patients (five patients
declined a challenge test). The initial diagnostic work-up also
included skin prick tests using commercial wheat extracts
(positive in 29%) and native wheat flour (positive in 80% of
patients), determination of total IgE levels (elevated in 82%),
and the detection of IgE to wheat extract (f4) (positive in
59%) and to recombinant ws-gliadin (f416) that was positive
in all but three patients (82%).

To identify additional wheat allergens putatively responsible
for WDEIA, IgE levels to different native or recombinant
wheat allergens were analyzed by using experimental Immuno-
CAP tests with o/B/y-gliadin, high-molecular-weight (HMW)
glutenin, an alpha-amylase inhibitor (AAI) dimer, and wheat
lipid transfer protein (LTP) (Fig. 1). Positive IgE reactivity
(>0.35 kU/D) to o/B/y-gliadin was identified in 14/17 (82%)
patients, including the three patients lacking IgE to ws-gliadin.
IgE to HMW glutenin was detected in 10/17 patients (59%),
however not in the three ws-gliadin-negative patients. Only
one serum reacted with AAI dimer and wheat LTP.

To confirm these results and for a more detailed study of IgE
reactivity to wheat gliadins, an experimental semi-quantitative
microarray immunoassay was employed (6) using highly purified
native o/p-gliadin, y-gliadin, AAI dimer 0.19, and wheat LTP.

This microarray revealed IgE reactivity to recombinant ®s-
gliadin in 15/17 (88%), to o/B-gliadin in 9/17 (53%), to y-gli-
adin in 13/17 (76%), to AAI dimer 0.19 in 4/17 (23.5%), and
to wheat LTP in 1/17 patients (6%). Interestingly, in one
patient with WDEIA confirmed by provocation test and IgE
antibodies to ao/B/y-gliadin by ImmunoCAP, the microarray
identified y-gliadin as the only IgE-reactive allergen.

None of the 20 nonatopic controls reacted with any of the
allergens by ImmunoCAP or microarray. In addition, none
of the 21 food allergic patients used as controls (with sensiti-
zation to tree nuts, fish, shrimps, sorghum, sesame, vegeta-
bles, or pollen-associated food allergens) displayed IgE
antibodies to o/f/y-gliadin and only one patient to HMW
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glutenin by ImmunoCAP (Fig. 1). Similarly, one food aller-
gic control individual reacted with y-gliadin by the micro-
array, none with o/f-gliadin or HMW glutenin, indicating
specificity for the detection of IgE antibodies to o/p- or y-gli-
adin and HMW glutenin of at least 97.5%.

Gliadins and glutenins have been identified as causative
allergens in WDEIA. Our data corroborate the importance
of the ws-gliadin ImmunoCAP test for the in vitro diagnosis
of WDEIA allowing us to confirm the diagnosis in 82% of
our patients (4). HMW glutenin was described as the second
major allergen in WDEIA, and 97% of Japanese WDEIA
patients could be diagnosed by determination of specific IgE
to ws-gliadin and HMW glutenin (7). Although HMW glute-
nin was targeted by IgE antibodies in 59% of our patients
(by ImmunoCAP), none of the three ws-gliadin-negative indi-
viduals showed reactivity to this allergen. In contrast, all
three patients lacking reactivity to ws-gliadin displayed spe-
cific IgE against o/f/y-gliadin by ImmunoCAP. Thus, in our
patient population, o/f- or y-gliadins appeared to be of
higher relevance as IgE-reactive proteins than HMW glute-
nin. A role for o/B- or y-gliadins as allergens in wheat aller-
gic patients and in some cases of WDEIA has been suggested
previously (8, 9). Our detailed analysis by microarray indi-
cated that y-gliadin was the only IgE-reactive gliadin in two
of three ws-gliadin-negative patients. One of them (no. 2) did
not display IgE to any other wheat allergen by ImmunoCAP
and microarray, suggesting that y-gliadin alone may elicit
WDEIA. For this patient, WDEIA was confirmed twice by
oral provocation including exercise and asperin as augmenta-
tion factors. The second patient (no. 15) had a history of
baker’s asthma and WDEIA and reacted with y-gliadin, AAI
dimer, and wheat LTP. The third patient (no. 16) displayed
pronounced IgE signals to o/f-gliadin and low signals to ms-
gliadin and y-gliadin in the microarray.

To our knowledge, this is the most comprehensive analysis
of IgE reactivity to different wheat allergens in patients with
WDEIA on a widely available assay platform (ImmunoCAP).
This analysis indicates a high prevalence of specific IgE not
only to ws-gliadin but also to HMW glutenins and o/f- and
v-gliadin, which are of additional diagnostic value in particu-
lar in os-gliadin-negative patients. The analysis of these
parameters by reliable and commercially available assays will
help us to close the gap in the in vitro diagnostics of WDEIA.
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Figure 1 IgE reactivity to ws-gliadin, o/B-gliadin, and y-gliadin, high-
molecular-weight (HMW) glutenin, alpha-amylase inhibitor (AAl),
and wheat lipid transfer protein (LTP) in patients with wheat-depen-
dent exercise-induced anaphylaxis (WDEIA) (n = 17), patients with
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