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Specific IgE Determination to Epitope Peptides of w-5 Gliadin
and High Molecular Weight Glutenin Subunit Is a Useful Tool
for Diagnosis of Wheat-Dependent Exercise-Induced
Anaphylaxis’

Hiroaki Matsuo,” Kunie Kohno, Hiroyuki Niihara, and Eishin Morita

Wheat w-5 gliadin and a high m.w. glutenin subunit (HMW-glutenin) have been reported as major allergens in wheat-dependent
exercise-induced anaphylaxis. A simultaneous detection of specific IgE to epitope sequences of both proteins is considered to be
a reliable method for diagnosis of wheat-dependent exercise-induced anaphylaxis. However, the IgE-binding epitope of HMW-
glutenin remains unknown. The aim of this study was to determine the IgE-binding epitopes of HMW-glutenin to establish a useful
system of identifying patients with wheat-dependent exercise-induced anaphylaxis. For determination of IgE-binding epitopes of
HMW-glutenin overlapping peptides were synthesized and reactivities of IgE Abs in the sera of patients to those peptides were
analyzed. Three IgE-binding epitopes, QQPGQ, QQPGQGQQ, and QQSGQGQ, were identified within primary sequence of
HMW-glutenin. Epitope peptides, which include IgE-binding sequences of w-5 gliadin and a HMW-glutenin, were synthesized and
peptide-specific IgE Abs were measured by CAP-System fluorescent enzyme immunoassay. Twenty-nine of 30 patients with
wheat-dependent exercise-induced anaphylaxis had specific IgE Abs to these epitope peptides. None of the 25 sera from healthy
subjects reacted to both epitope peptides. Twenty-five patients with atopic dermatitis who had specific IgE to wheat and/or gluten
had very low or nonexistent levels of epitope peptide-specific IgE Abs. These results indicated that measurement of IgE levels
specific to epitope peptides of w-5 gliadin and HMW-glutenin is useful as an in vitro diagnostic method for the assessment of

patients with wheat-dependent exercise-induced anaphylaxis.

a distinct form of a common food allergy induced by the

combination of causative food ingestion, physical exer-
cise, and/or aspirin intake (1-3). Symptoms of FDEIA are typi-
cally generalized urticaria and systemic allergic reactions such as
anaphylactic shock. Many kinds of food such as shrimp (4), shell-
fish (5), hazelnut (6), buckwheat (7), corn (8), orange (9), and
apple (10) have been reported as offending agents for FDEIA. In
Japanese patients with FDEIA, the most frequently causative food
is wheat (11).

In our previous study, we identified wheat w-5 type gliadin,
which is a component of water/salt-insoluble protein (gluten), as a
major allergen in patients with wheat-dependent exercise-induced
anaphylaxis (WDEIA) and defined seven sequential IgE-binding
epitopes, QQIPQQQ. QQFPQQQ, QQSPQQQ., QQSPEQQ,
QQLPQQQ, QQYPQQQ, and PYPP, in an w-5 gliadin sequence
by using synthetic overlapping peptides (12, 13). In addition, our
results indicated that there is another minor subgroup of patients
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who have IgE Abs that mainly reacts to a high m.w. glutenin
subunit (HMW-glutenin) in gluten.

To diagnose WDEIA, we typically perform an exercise chal-
lenge test combined with wheat ingestion for patients who have
episodes of anaphylaxis after wheat intake. The challenge test is
unsafe for patients because anaphylactic shock was sometimes
provoked during the test. Therefore, an in vitro diagnostic method
predicting the development of symptoms by wheat and exercise
challenge is necessary for patients with WDEIA. Recent investi-
gations have demonstrated that quantification of food-specific IgE
is a useful test not only for diagnosis of food allergies such as egg,
milk, peanut, and fish allergies (14, 15) but also for predicting the
development of tolerance in milk and egg allergies (16). Radioal-
lergosorbent tests (RAST) for wheat protein and wheat gluten are
commercially available for the diagnosis of wheat allergy; how-
ever, this test is not satisfactory to diagnose WDEIA because of its
low sensitivity and low specificity. Our previous data indicated
that a simultaneous measurement of both w-5 gliadin and HMW-
glutenin-specific IgE Abs was more sensitive and specific to di-
agnose WDEIA than that of gluten-specific IgE (13). This is in
accord with the previously reported data that most patients with
WDEIA have IgE Abs to w-5 gliadin (17). Available recombinant
food allergens are increasing, and they have been used for diag-
nosis, research, and therapy of food allergies. Recombinant w-5
gliadin and HMW-glutenin have been expressed in Escherichia
coli, yet neither as a full-length protein (18, 19). Beyer et al. (20)
have proposed recently that in a peanut allergy a measurement of
IgE-binding epitope peptide-specific IgE Abs is a more useful tool
to diagnose symptomatic allergic reaction than that of peanut-spe-
cific IgE. In the present study, to develop a new useful in vitro
method for diagnosis of WDEIA, we identified sequential IgE-
binding epitopes of HMW-glutenin and then evaluated usefulness
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of measurement of IgE Abs specific to combined epitope peptides
of w-5 gliadin and HMW-glutenin.

Materials and Methods
Subjects

Thirty patients with WDEIA (13 females, 17 males, mean age: 32.3 years,
range: 1075 years, mean total IgE: 987.7 IU/ml, range: 21.9-14,723) with
recurrent episodes of anaphylaxis and a positive provocation test after
wheat ingestion took part in this study. Twenty-five healthy subjects (10
females, 15 males, mean age: 33.4 years, range: 1855 years, mean total
IgE: 162.2 IU/ml, range: 7.2-500) and 25 patients with atopic dermatitis
(11 females, 14 males, mean age: 24.8 years, range: 5—49 years, mean total
IgE: 7,931.8 IU/ml, range: 277-21,699) with wheat and/or gluten-specific
IgE Abs in their serum served as controls. Detailed interviews were con-
ducted to determine that the healthy subjects and atopic dermatitis patients
had experienced no episode of allergic reaction after ingestion of wheat
products. Sera were collected from the subjects and stored at —80°C until
use. Specific IgE Abs for wheat and gluten in the sera were determined
using the CAP-System fluorescent enzyme immunoassay (FEIA) (Pharma-
cia Diagnostics).

Dot blotting, SDS-PAGE, and Western blotting

Specific IgE Abs in the sera for a-gliadin, -gliadin, y-gliadin, w-5 gliadin,
w-1,2 gliadin, HMW-glutenin, and a low m.w. glutenin subunit purified
from wheat flour were detected, and spot intensities were measured using
the method described previously (13).

SDS-PAGE was performed with 12.5% acrylamide gel, and fractionated
proteins were then visualized by Coomassie brilliant blue staining. For
Western blotting, the fractionated protein was electrophoretically trans-
ferred to a polyvinylidene difluoride membrane (Immobilon) and blocked
with 5% skim milk in TBST (50 mM Tris-buffered saline and 1% Tween
20 (pH 7.4)). The membrane was washed with TBST three times and then
probed with 10% patient’s serum. After washing with TBST, the mem-
brane was incubated with HRP-conjugated rat anti-human IgE mAbs (Bio-
Source International). To detect human IgE binding, ECL Plus Western
blotting detection reagents (Amersham Biosciences) was used. The result-
ing light was detected on autoradiography film.

Peptide synthesis on the SPOTs membrane and IgE-binding
assay

Based on the amino acid sequence of the HMW-glutenin (GenBank ac-
cession no. X12928), the individual peptides were synthesized on a SPOTs
membrane (Sigma-Genosys) described previously (13). The SPOTs mem-
brane was blocked overnight at 4°C with blocking buffer (Sigma-Genosys).
The membrane was washed with TBST three times for 10 min at room
temperature and then incubated overnight at 4°C with 10% patient’s serum.
The bound IgE Abs were detected as described above. The SPOTs mem-
brane was used repeatedly after the following procedure. The membrane
was washed with water, N,N-dimethylformamide (Wako Pure Chemical),
regeneration buffer A (8 M urea and 10% SDS), regeneration buffer B (6
M guanidine hydrochloride), regeneration buffer C (10% (v/v) acetic acid
and 50% (v/v) ethanol), and then rinsed with methanol twice for 10 min at
room temperature.

IgE-binding inhibition assay of combined epitope peptides
The epitope peptides, KPQQQSPQQQFPQQQIPQQQ (peptide A) and
PTSPQQSGQGQQPGQGQQ (peptide B), were synthesized to a purity of

Table I. Results of dot blot analysis
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at least 80% (Thermo Electron). Sera from patients with WDEIA were then
preincubated with or without synthetic epitope peptide A or B (100 wg/ml)
for 1 h at room temperature. Remaining serum IgE binding to each epitope
peptide on the SPOTs membrane was then measured as described above.

Measurement of peptide-specific IgE Abs

Epitope peptide-specific IgE levels in the sera were determined using Phar-
macia CAP-System FEIA (Pharmacia Diagnostics).

Results

Immunoblotting for purified wheat gliadins and glutenins

The sera of 30 patients with WDEIA were analyzed for the reac-
tion to purified a-gliadin, B-gliadin, y-gliadin, w-1,2 gliadin, w-5
gliadin, a low m.w. glutenin subunit, and HMW-glutenin. The
strongest reaction was observed with w-5 gliadin, HMW-glutenin,
and w-1,2 gliadin in 23, 6, and 1 of the 30 patients, respectively.
Sera of these six patients whose IgE Abs reacted to HMW-glutenin
predominantly were used for epitope mapping. Table I shows the
result of the dot-blotting analysis of the patients whose IgE Abs in
the sera reacted to HMW-glutenin predominantly.

HMW-glutenins are encoded at the Glu-1 loci on chromosomes
1A, 1B, and 1D, and each locus consists of two genes encoding an
x-type and a y-type subunit (21). However, common wheat con-
tains three to five subunits because some of the genes are silent
(22). Therefore, we determined which type of HMW-glutenin is
the major IgE-binding allergen for the six patients by Western blot
experiment with purified protein. The IgE Abs in the sera of all
patients reacted to both x-type and y-type HMW-glutenin subunits
(Fig. 1).

Multiple IgE-binding epitopes in the HMW-glutenin

Because the amino acid sequences of HMW-glutenin x-type sub-
unit and y-type subunit are very similar and the content of x-type
subunit is higher than that of y-type in common wheat flour (22),
we used the x-type HMW-glutenin for determination of IgE bind-
ing epitope.

Several studies of IgE-binding epitopes of wheat gliadins and
glutenins have shown that the length of the epitope sequences is
<7 aa (13, 23, 24). Therefore, to determine the regions recognized
by the serum IgE Abs of patients with WDEIA, overlapping pep-
tides 14 aa long and offset by 7 aa were synthesized using the
SPOTSs method based on the amino acid sequence of HMW-glu-
tenin (Fig. 2). Individual sera from six patients were used to map
IgE-binding regions in the amino acid sequence of HMW-glutenin.
Fig. 3 summarizes the IgE-binding peptides of each of the six
patients. Several peptides were reacted by rat anti-human IgE
mAbs directly as shown in Fig. 3. Therefore, these peptides were
neglected. Many IgE-binding peptides were detected; however,
most of these positive sequences were overlapped among the

Reactivity (spot intensity)

Total IgE Gluten RAST
Patients (IU/mL) (kUa/L) o B Y -5 w-1,2 HMW LMW
1» 345 0.79 83 0 18 333 0 1,218 159
2b 1,779 5.34 63 9 6 176 77 1,586 154
3r 150 <0.35 3 3 1 12 67 171 14
4b 14,723 3.33 460 1,170 646 981 76 1,227 183
5 3,034 1.09 16 8 5 28 25 936 47
6 976 5.95 34 14 7 199 319 1,128 504

“ a, a-gliadin, B, B-gliadin; v, y-gliadin; w-5, w-5 gliadin; w-1,2, w-1,2 gliadin; HMW, high M.W. glutenin subunit; LMW,

low M.W. glutenin subunit.
PPatients were reported previously (12, 13).
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FIGURE 1. Protein staining and IgE immunoblot of HMW-glutenin

with sera of patients with WDEIA. C, control: without patients’ sera; CBB,
Coomassie brilliant blue staining.

tested patients. From the results of the IgE-bound peptide se-
quences alignment, we expected that major epitope sequences are
QQPGQ for patients 1 and 4, QQPGQGQQ for patient 2, and
QQSGQGAQ for patients 2—6 (Fig. 3).

Determination of the core epitope sequence and critical amino
acids for IgE binding

To determine the exact amino acid sequence of IgE-binding re-
gions, deletion peptides were further synthesized with respect to
the IgE-bound peptides, peptides 17 and 69, respectively. These
peptides were then probed with the sera of six patients with
WDEIA. The immunoblotting results of peptides 17 and 69 with
the sera of the patients were shown in Fig. 4. The QQPGQ se-
quence was detected as IgE-binding epitope for the patients 1 and
4, whereas an additional GQQ sequence was necessary for binding
of IgE Abs in the serum of patient 2. Five of six patients’ sera
(patients 2—6) reacted to the synthetic peptides having QQSGQGQ
sequence. The results of immunoblots using synthetic peptides of
assumed core epitope sequence confirmed that the core epitope
sequences of HMW-glutenin are QQPGQ, QQPGQGQQ, and
QQSGQGQ (Fig. 40).

The critical amino acids for IgE binding in three epitopes,
QQPGQ, QQPGQGAQQ, and QQSGQGQ, were determined by
synthesized peptides with single amino acid substitution at each
position, followed by probing with individual sera from six pa-
tients. The results of an immunoblot experiment are shown in Fig.
5, and critical amino acid positions for IgE binding are summa-
rized in Table II. In patient 1, no binding of the serum IgE was
observed when alanine was substituted at each position of
QQPGAQ), indicating that entire amino acid sequence is critical for
IgE binding. However, in patient 4, the QQPG sequence (positions

NEW TOOL FOR DIAGNOSIS OF WDEIA

1-4) in the QQPGQ sequence was found to be critical. For the
epitope QQPGQGQQ in patient 2, positions 1-5(QQPGQ) and
position 7(Q) were critical for IgE binding. The critical amino
acids for IgE binding in the epitope QQSGQGQ were positions
1(Q), 3(S), 4(G), 5(Q), and 7(Q) in patients 2—6.

Specific IgE to the synthetic combined epitope peptides of w-5
gliadin and HMW-glutenin

Epitope peptides, KPQQQSPQQQFPQQQIPQQQ (peptide A) and
PTSPQQSGQGQQPGQGQQ (peptide B), were designed and syn-
thesized. Peptide A was combined with the IgE-binding epitope
sequences of -5 gliadin, QQIPQQQ, QQFPQQQ, and
QQSPQQQ, and peptide B was combined with the three epitope
peptides of HMW-glutenin identified in this study. To confirm that
the IgE-binding ability of the synthetic combined peptide was
equal to that of the individual epitope peptides, IgE-binding inhi-
bition experiments were performed. Peptide A inhibited serum IgE
binding to QQIPQQQ, QQFPQQQ, and QQSPQQQ, which are
individual synthetic epitope peptides of w-5 gliadin. Similarly,
combined epitope peptide B inhibited IgE binding to individual
epitope peptides of HMW-glutenin (Fig. 6).

Specific IgE levels of peptides A and B in the sera of patients
with WDEIA and controls were determined using Pharmacia CAP-
System FEIA (Pharmacia Diagnostics). When a cutoff value in
CAP-System FEIA is set at 0.35 kUa/L, 29 of 30 (97%) patients
with WDEIA had specific Abs to peptide A and/or peptide B (Fig.
7). One of these 29 patients had specific IgE Abs to both peptide
A and B. In contrast, only 18 of 30 (60%) and 24 of 30 (80%)
patients with WDEIA showed positive reaction to wheat and glu-
ten, respectively, in the CAP-System FEIA. None of the 25 healthy
control subjects had IgE Abs specific to wheat, gluten, peptide A,
and peptide B.

Sera from patients with atopic dermatitis who had positive CAP-
RAST value for wheat and/or gluten but had no episode of ana-
phylaxis or urticaria after ingestion of wheat products were also
analyzed. Four and 10 of 25 patients with atopic dermatitis had
positive CAP-RAST to peptide A and peptide B, respectively.
However, the RAST values for epitope peptide A and B remained
at low levels ranging from 0.35 to 1.19 kUa/L (Fig. 7).

Discussion
In this study, we identified three IgE-binding epitopes in primary
sequence of wheat HMW-glutenin and developed a new diagnostic
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FIGURE 2. One hundred sixteen synthetic overlapping peptides spanning the entire sequence of HMW-glutenin x-type subunit (GenBank accession no.

X12928).
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17 PGOG| GOPGO| GOGGY 17 PGOG| QOPGOGOQ
19 YPTSP| QOPGO| WEEP 24 AQG| 0OPGOGOQ| GOO
24 AQG| Q0PGO | GOOGOQ 30 G| 0OPGOAQD| GOOPG
25 0GOOG| QQPGE | GOPG 31 (0G| 00PGOGOD| PGO
29 QPADGOOG| OOPGO| A a2 0G| 00PGOGOG| GOGP
31 Q0G| GOPGO | GOGPGO 33 GOOG| 0OPGOGOQ| PG
32 0G| 00PGO| GOOGOGP 34 (0G| 00PGOGOG| GOO
34 GOG| GOPGO | GOOGAO 35 QGOOG| 00LGOGAQ| G
41 SGYYPTSP| QOPGO| G 42 P| GOPGOGOQ| PGOLO
42 P| GOPGG|GOOPGOLG 43 QOPGOLOG| PAQGOO
44 OPAQG| QOPGO | GOOG 44 (PAQG|QOPGOGOQ| G
45  PGOGOOG| DOPGO| GO 46 (0PGOGOG| GOOPGO
46 00PGOGOOG| DOPGO 47 0G| 00PGOGOG| PGOG
47 OQGOOPGOG| GOPGO |G 53 0S| QOPGOGOA| GOV
52 TSS| QQPTQ| SQQPGQ 54 GOOG|0OVGOGOQ| AD
53 0S| 00PGO| GAOGAAY 55 GOGOOA| QOPGOGAQ
55 GOGOOA| 0OPGO| GOQ 56  OPGOG| QOPGOGOP | G
56 OPGOG| QOPGO | GOPG 64 (GPGOG| GOPGOGAQ
61 005G0G| O0PGO | LOQ 70 GOG | GOPGOWAQ| PGO
64  (OPGOG| GOPGO|GOG 76 GOG| 00PGOLOG| PAQ
65 QPGOGOOG| QOPGO| G 82 (0G| 00LGOGAD | GO
66 G| 0OPGO| GOOGOOPG 92 ESGOG| QOPGOWOQ| P
83 0GOOG| QOPGE | GOQG 98  OPGOG| QOPGOWAQ| S
85 QOPADGOOG| DOPGO 109 TSL|0OTGOGOG|SGO
87 GOHG| GOPGO | GOGGO
88  GOGOOG| OOPGO|GOQ 50 sp
93 PGOW| GOPGO | GOPGY 61
98 OPGOG| QGPGE | WOQS 69  PTSP

91 YYPTSP

10 0G | 005GOGA [0GYYS

SP| QUSGOGO| PGYYP 50 SP| QUSGQGA| PGYYP

19 YPTSP | QPG | WEEP

24 AQG| 00PGO | GOQGAQ
25 (QGO0G| 0GPGO| GOPG

29 GPAOGOOG | QOPGG A

30 G| 0OPGQ| AGOGOOPG
3 (0G| GOPGA | GAOPGO
32 0G| 00PGQ| GOOGOGP
33 GOOG | 0OPGO | GOOPG
34 GOG| 00PGA | GOOGAO
41 SGYYPTSP|QGPGO|G

42 P | GOPGO| GOGPGOLG
43 G0PG0| LOGPAGGOG

44 QPAQG| QQPGQ| GOOG
45  PGOGOOG|0OPGO| GO
46 (0PGGQOG| 0OPGQ

47 0G| 00PGO| GOOPGOG
48 G| 0OPGQ| GOPGYYPT
52 TS5 | QOPTO| S0QPGQ

53 0S| Q0PGO| GOoGEAV

55 GOGOGA| QOPGO| GOG
56 QPGOG| QQPGQ| GOPG
63  SADGOKG|0OPGO|GQ
64  0OPGOG| 0OPGO| GOO
65 OPGOGOOG|0OPGO|G

66 G| 00PGO| GOOGAGPG
67 Q0G| 00PGA | GOPGYY
10 G0G | 00PGO | WOOPGO
15 PTSP| 0QPGO | GAAPG
16 G0G| Q0PGO | LOGPAQ

83 0GOOG | QOPGA | GOOG
85 QOPADGOOG |0OPGO
86 0G| QQPGQ| GOHGOGP
87 GOHG | 00PGO | GOOGO
88  GOGOOG|0OPGO|GOG

92 ESGOG | QOPGO| WaaP

93 PGOW| GGPGO | GOPGY
98 OPGOG | QOPGG | WOOS

61 00SGOGO| OPGOLOD
69  PTSP|0QSGOGQ| QPG
91 YYPTSP |QESGOGO| O

FIGURE 3. Analysis of IgE reactivity to overlapping peptides by using sera from six patients with WDEIA and alignment of IgE-bound peptide
sequences. The assumed epitope regions are boxed. Control: without patients’ sera.

tool that can identify patients with WDEIA using the synthetic
epitope peptides of w-5 gliadin and HMW-glutenin.

Patients with WDEIA had been divided into two groups by
means of reactivity of serum IgE to wheat proteins: one is w-5
gliadin-reacting group (~80% of patients) and the other is HMW-
glutenin-reacting group (12, 13). We had already identified the
amino acid sequence of QXXPQQQ (X = any amino acid) as a
major IgE-binding epitope of w-5 gliadin. However, epitopes of
HMW-glutenin have not been identified. In the present study, we
analyzed the IgE-binding epitope sequences by means of peptide
array of HMW-glutenin with the six patients’ sera. The epitope

sequences of HMW-glutenin were QQSGQGQ, QQPGQ, and
QQPGQGQQ and different from the IgE epitopes of gliadins and
low m.w. glutenin subunits as reported previously (23, 24). We
further determined that the critical amino acids in the three
epitopes were positions 1-5(QQPGQ) or 1-4(QQPG) for
QQPGQ, 1-5(QQPGQ) and 7(Q) for QQPGQGQQ, and 1(Q),
3(S), 4(G), 5(Q), and 7(Q) for QQSGQGQ, suggesting that
QQPGQXQX and QXSGQXQ are major epitope sequences of
HMW-glutenin. As shown in Fig. 2, the QQPGQXQX and QXS-
GQXAQ sequences are found in HMW-glutenin x-type amino acid
sequence at 8 and 37 sites, respectively. These epitopes also appear



8120

(A) Peptide 17

PGOG QOPGQ GO 6Y T 3

Patients
PGQG QaP
PGOG QOPG
PGQG [QOPGQ
PGOG [QOPGO| G
PGOG [QQPGO| GO
PGOG |0GPGO| GOG

3 4 5 6
r 1 r E
PGOG|[QQPGO | GOQ |G

606//00Paa| Gaa [oY 3 i
06/{00PG0| G0a |6

of|aaPeo caa |aY b4 i
Q0paa Gao| 6 b4

A 11111

PGQ GOG GY
5 i
I | |
(C) Epitope peptide

GO GOQ GY
1 2 3 4 5 6

00sGaG0

QaPGQ

QQPGAGAQ
FIGURE 4. Identification of core epitope sequences of synthetic pep-
tides. Fine mapping data of peptide 17 (A) and peptide 69 (B) were shown
in the six patients with WDEIA. C, Reactivity of the patients’ sera to the

three identified epitope peptides. The boxed area indicates the core epitope
sequence.

r

(B) Peptide 69
PTSP QOSGOGO OPG

PTSP QOS
PTSP 0QGSG
PTSP 0QsSGQ
PTSP QQSGOG
PTSP| QASGAGO
PTSP| 00SGQGQ |@
PTSP| 00SGAGO | QP
TSP|QQSGOGQ |QPG
SP|005GAGO [QPG
P| QOSGAGQ | QPG
00SG6AGA | QPG
QSGAGR QPG
SGAGR QPG
GAGQ QPG

Patients
4

-y
'!

Patients

frequently in the amino acid sequence of HMW-glutenin y-type, of
which IgE Abs in the sera of patients reacted in the Western blot
experiment (Fig. 1). In addition, serum IgE binding to x- and y-
type HMW-glutenin, as shown in Fig. 1, was almost completely
inhibited by combined epitope peptide B in all patients (data not
shown). These results suggest that x- and y-type HMW-glutenin

{A) Peptide 17 Patlenls

1 4
PG[|0GOGPGE | GAA |GY PTSP| QUSGOGO | OPG
AG|[0GOGPGO | GAO | GY ATSP| QOSGOGO | GPG
PA|(GGOCPGA | GOO | GY PASP| DOSGOGO | OPG
PG| [AGOGPGA | GOO | GY PTAP| DOSGOGO | OPG
PG| (QAGGPGA | GOQ | GY PTSA| 0OSGOGO | OPG
PG||0GAQPGQ | GOO| GY PTSP| AUSGOGO |OPG
PG||0GOAPGQ | GO0 | GY PTSP| QASGQGQ | OPG
PG||0GO0AGQ | GOO| GY PTSP| QUAGQGO | OPG
PG| (QGOCPAQ | GOO | GY i PTSP| 0OSAQGO | OPG
PG||0GOOPGA | GO0 | GY PTSP| QUSGAGO |OPG
PG||0GOOPGQ | AQD| GY PTSP| QUSGOAQ |OPG

(B) Peptide 69

Patients
2

PG| |QGOOPGA | GAQ | GY PTSP| QUSGOGA | OPG
PG| (GGOOPGA | GOA | GY PTSP| 0OSGOGO | APG
PG| |GGAGPGA | GAQ [AY PTSP| QQSGOGO I]AG
PG||GGAGPGO | GOO | GA PTSP| QUSGOGO OPA

FIGURE 5. Critical amino acids were analyzed in three epitopes,
QQPGQ, QQPGQGAQQ, and QQSGQGQ, in HMW-glutenin. The peptides,
including epitope sequences, were synthesized with alanine residue sub-
stituted for 1 aa at each position based on the sequence of peptide 17 (A)
and peptide 69 (B). The boxed area indicates the epitope sequence.
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Table II. IgE-binding epitope sequences for patients with WDEIA®
Patients Epitope Sequences

1 QOPGQ

2 QOPGOGQQ Q0SGOGO
3 Q0SGOGQ
4 QOPGQ Q0SGOGO
5 Q0QSGOGQ
6 QQSGOGO

“The underline indicates critical amino acids for IgE binding.

share epitopes, and all important allergenic epitopes in the HMW-
glutenins were detected even though overlapping peptides with an
offset of 7 aa were used in this study.

The CAP-System FEIA is an accurate and standardized proce-
dure of determination of allergen-specific IgE and now widely
used for the diagnosis of food allergy. The use of food-specific IgE
concentrations in predicting clinical reactivity has been reported in
egg, milk, peanut, and fish allergies (15). The measurement of
wheat or gluten-specific IgE is available for diagnosis of WDEIA
in the CAP-System FEIA. Wheat gluten contains about 5% of w-5
gliadin and 9% of HMW-glutenin; however, 20% of patients with
definite WDEIA have negative CAP-RAST to gluten. In addition,
as shown in this study, a number of the patients with atopic der-
matitis have positive CAP-RAST scores for gluten, although the
patients have no episode of type I allergic reactions after ingestion
of wheat products. Therefore, the measurement of gluten-specific
IgE is not always satisfactory for diagnosis of WDEIA. We have
suggested that the measurement of specific IgE to w-5 gliadin and
HMW-glutenin instead of gluten is useful to diagnose WDEIA
(13). Recently, recombinant food allergens have been produced
and tried to apply for diagnosis in many food allergies (25, 26).
Recombinant proteins of w-5 gliadin and HMW-glutenin have not
been available in enough quality and quantity. Hence, in this study,
we synthesized the peptides containing major IgE-binding epitopes
of those proteins and applied them to CAP-System FEIA to de-
termine the specific IgE to those epitope peptides. As we sus-
pected, 97% (29 of 30) of the patients with WDEIA were found to
be positive in IgE specific for synthetic epitope peptides of w-5
gliadin and HMW-glutenin, whereas gluten-specific IgE test was
positive in only 80% of patients with WDEIA. In addition, specific
IgE values in epitope peptide-specific CAP-System FEIA were
much higher than that in the gluten-specific test in most patients
with WDEIA, indicating higher sensitivity with epitope-specific
system. This is due to higher content of epitope peptides used in
the CAP-System FEIA. Ten of 25 patients with atopic dermatitis
who had no obvious allergic reactions after ingestion of wheat
products had positive CAP-RAST (>0.34 kUa/L) for epitope pep-
tides, indicating low specificity of the test. However, when the

() Patient 2 Patient 4
0oiPaoo (0SGOGR
0GFPQOO GOPGO
00SPQOQ QOPGQGOQ
inhibitor =+
FIGURE 6. Inhibition of IgE binding to individual epitope peptides

with combined epitope peptides. A, Serum from a patient with specific IgE
Abs to three epitope peptides of w-5 gliadin was preincubated with or
without peptide A (KPQQQSPQQQFPQQQIPQQQ) for 1 h at room tem-
perature. B, Sera from two patients, patients 2 and 4, were preincubated
with or without peptide B (PTSPQQSGQGQQPGQGQQ). Remaining se-
rum IgE binding to individual epitope peptides on the SPOTs membrane
was detected chemiluminescently.
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® WDEIA patients reacting predominantly to peptide A (n=23)

& WDEIA patients reacting predominantly to peptide B (n=6)

® WDEIA patients not reacting to both peptide A and B (n=1)

& Atopic dermatitis patients (n=25)

= Normal controls (n=25)
FIGURE 7. Specific IgE levels to gluten and combined epitope peptides
of w-5 gliadin and HMW-glutenin. Peptide A, KPQQQSPQQQFPQQ-
QIPQQQ: epitope peptide of w-5 gliadin; peptide B, PTSPQQS-
GQGQQPGQGQQ: epitope peptide of HMW-glutenin.

cutoff value for positive was set at 1.0 kUa/L, sensitivity and spec-
ificity of the epitope peptide-specific CAP-RAST were satisfactory
because sensitivity and specificity of the test would reach to 97%
(29 of 30) and 98% (1 of 50), respectively.

There are several clinical forms of IgE-mediated allergy to
wheat such as, baker’s asthma, common food allergy to wheat,
WDEIA, and contact urticaria to wheat flour. Proteins in the water/
salt-soluble fraction, such as a-amylase inhibitor, peroxidase,
glycerinaldehyde-3-phosphate dehydrogenase, serpin, and triose-
phosphate isomerase, have been identified to be major allergens in
patients with baker’s asthma (27-29). a-Gliadin, +y-gliadin, and
-5 gliadin in water/salt-insoluble fraction have been identified as
allergens in WDEIA (17, 30, 31). However, in patients with clas-
sical wheat allergy, the allergens responsible for symptoms have
not been defined because serum IgE reacted to both water/salt-
soluble and -insoluble proteins (32-36). As just described, it is
considered that causative allergens are variable among the clinical
forms (37, 38). Recent studies have shown that w-5 gliadin is a
good candidate as a diagnostic tool for not only WDEIA but also
immediate allergy to wheat (39—41). These data suggest that spe-
cific IgE determination to epitope peptides of w-5 gliadin may be
useful to diagnose immediate type allergy to wheat as well as
WDEIA.

WDEIA is a life-threatening disease, but the only reliable ther-
apy is a strict elimination of wheat products from dietary foods. It
is not easy to eliminate wheat as wheat flour is used in many kinds
of cooking, so patients with wheat allergy desire hypoallergic
wheat products. Immunotherapy using recombinant-mutated aller-
gen was found to be successful for a peanut allergy in an animal
model (42). In combination with the major IgE-binding epitopes of
-5 gliadin, the elucidation of major IgE-binding epitopes on
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HMW-glutenin in this study may provide a useful tool for devel-
oping hypoallergenic foods as well as an immunotherapy for pa-
tients with WDEIA.

In conclusion, our results strongly indicate that determination of
specific IgE to synthetic epitope peptide of wheat w-5 gliadin and
HMW-glutenin is useful to diagnose WDEIA. Further studies are
required to determine the optimal cutoff values for specific IgE
Abs to epitope peptides for predicting clinical outcome in patients
with WDEIA.
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