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Abstract

Introduction: Wheat sensitization is common but IgE antibodies (IgE-abs) to wheat
are not predictive of clinical symptoms in children with suspected wheat allergy.
Wheat allergen components other than -5 gliadin have not been well studied. Our
aim was to characterize the clinical profile and investigate the value of adding
measurements of IgE-abs to wheat components in a group of children with a doctor’s
diagnosed wheat allergy.

Method: Sixty-three children with a doctor’s diagnosis of wheat allergy confirmed
sensitization to wheat and, on a wheat elimination diet, went through oral wheat
challenges or had a convincing recent history of wheat allergy. IgE-ab to -5 gliadin,
low molecular weight glutenin (LMW-glutenin), high molecular weight glutenin
(HMW-glutenin) and a native gliadin preparation containing a-, -, v-, and o-gliadin
(gliadin) were analyzed.

Results: Twenty-six children were positive in challenge, while six children were
regarded as wheat allergic due to recent anaphylactic reactions. The IgE-ab levels to all
four wheat components were significantly higher in the group with wheat allergy
compared to the group with no wheat allergy (p < 0.0001). Also, the severity of
symptoms at challenge correlated with the IgE-ab levels to all four components
(p < 0.05). IgE-ab levels to ®-5 gliadin correlated best with challenge outcome, and by
additional analysis of gliadin, HMW- and LMW-glutenin IgE-abs all challenge
positive children could be identified.

Conclusion: Many children diagnosed as wheat allergic have outgrown their allergy
and are unnecessarily on a wheat-free diet. The levels of IgE-ab to wheat gluten-
derived components correlated well with wheat challenge outcome and severity.

Wheat sensitization and allergy are common in childhood, and
wheat avoidance imposes major dietary restrictions (1-3). The
clinical diagnosis of wheat allergy in clinical practice includes
patient history and oral wheat challenge tests and is supported
by skin prick test and measurement of IgE antibodies (IgE-abs)
to wheat extract. The benefit of using wheat components in the
diagnostic workup has not been much studied so far.
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The diagnosis of food allergy to wheat is more complicated
than for other food allergies, as for instance, delayed reactions
that are difficult to associate with the actual intake of wheat
may occur (2). Wheat allergy is also known to be outgrown
during childhood, but IgE levels may remain although the
allergy has resolved. Also, wheat contains many allergenic
proteins, of which several cross-react with grass pollen aller-
gens as wheat is a grass from the Poaceae family (4).
Diagnostically, this may cause false-positive test results if the
patient has an underlying grass sensitization (4, 5). Moreover,
the allergen components that lately have been described as
important for wheat food allergic reactions are underrepre-
sented in whole wheat extract-based tests due to their relative
insolubility. As a consequence, wheat-specific sensitizations
may go undetected. Altogether, these problems may explain
why decision levels for wheat IgE antibody (IgE-ab) predicting
clinical reactivity have not been established (6).

Recent studies show that the main wheat allergens are found
among the relatively insoluble gluten proteins, consisting of
gliadins and glutenins, and both are wheat-specific proteins
that do not cross-react with grass pollen allergens (7). Many
wheat-allergic individuals have been shown to be sensitized to
o, B, v-, and/or w-gliadins as well as high and low molecular
weight glutenins (HMW-glutenin and LMW-glutenin, respec-
tively) (8-11). Several studies have demonstrated that IgE-ab
to o-5 gliadin is associated with wheat allergy, both wheat-
dependent exercise-induced anaphylaxis (WDEIA) in adoles-
cents and adults (10, 12) and immediate allergic reactions to
wheat in children (13~17). However, the latter has not been
confirmed in all studies (18).

The aim of this study was to characterize the clinical profile
and investigate the value of adding IgE-ab measurements to
wheat components in a large group of children with a doctor’s
diagnosed wheat allergy.

Material and methods
Study population

One hundred and two children aged 1-17 yr with wheat allergy
were identified; the families were contacted by telephone, and
76 children were willing to participate in the study. Inclusion
criteria were a doctor’s diagnosed wheat allergy, IgE-ab
(20.35 kUA/1), and/or positive skin prick test (=3 mm) to
wheat and a wheat-free diet. Exclusion criteria were celiac or
other autoimmune diseases. Thirteen children were excluded;
four children did not fully participate; three were not wheat-
sensitized; in three, blood samples could not be obtained, two
developed autoimmune diseases, and one child did not com-
plete the wheat challenge. Thus, 63 patients were included in
the study. The study was approved by the ethics committee in
Stockholm, Sweden Dnr 2008-562-31/3, and the parents
provided written consent.

Study design

At the first study visit, medical histories and previous symp-
toms to wheat ingestion were recorded and subjects were

Nilsson et al.

physically examined and assessed for lung function by
spirometry and FeNO measurements. Blood samples were
taken for analyses of IgE-ab to common food and inhalant
allergens. Children revisited the clinic for open oral wheat
challenge within thirteen months of their first visit.

Challenge test

The child’s current health was recorded, a peripheral venous
catheter was inserted, and a clinical examination was per-
formed. Open oral challenge tests were performed using wheat
bread (Pagens, Sweden) with well-defined wheat content of 0.1/
1 g wheat protein/g bread in increasing doses every 30 min in 5
or 7 steps from 0.005 g to 1.7 g of wheat protein. The
maximum cumulative dose was 3.38 g of wheat protein.
Symptoms developing within 2 h were scored according to
the criteria of Astier (19) (Table 1). A negative test was defined
as no objective symptoms within 2 h after the challenge.
Challenges were stopped upon appearance of objective symp-
toms. A final diagnosis of wheat allergy (WA) or not (non-WA)
was made by one physician (N.N.) after discussion with a
senior pediatric allergist (C.N.). The six children not challenged
for ethical reasons (Table 3) were considered wheat allergic but
were omitted in the analysis of severity of reactions.

Serological analyses

Venous blood samples were drawn; serum was separated and
stored at —20°C pending IgE-ab quantification. Sensitization
to common food and inhalant allergens was analyzed using
ImmunoCAP® (Phadia AB, Uppsala, Sweden). IgE-ab to
whole wheat, recombinant ®-5 gliadin (Tri a 19), and a native
gliadin preparation containing o-, B-, y-, and w-gliadins
(gliadin) was analyzed in sera collected on the day of challenge.
Experimental ImmunoCAP tests were prepared with recombi-

Table 1 Symptom score according to Astier (19) for evaluation of
clinical reactions in challenges

Symptom score Classification of symptoms

0 No symptoms
1 Abdominal pain that resolved
without medical treatment,
rhino-conjunctivitis, or urticaria
<10 papules, rash
2 One organ involved: abdominal
pain requiring treatment,
generalized urticarial, non-laryngeal
angioedema, or mild asthma
(cough, fall of peak expiratory flow <20%)

3 Two organs involved (of symptoms
mentioned under 2)
4 Three organs involved (of symptoms

mentioned under 2) or asthma requiring

treatment or laryngeal edema, or hypotension
5 Cardiac and respiratory symptoms requiring

hospitalization in the intensive care unit
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Table 2 Demographic data and clinical characteristics of all study subjects and in subjects confirmed as wheat allergic (WA) or non-wheat
allergic (non-WA) based on challenge outcome (n = 57) convincing history (n = 6)

Final wheat allergy diagnosis

Patient characteristics All Non-WA WA p-value*
Total number 63 31 32 ns
Sex, male/female 41/22 19/12 22/10 ns
Age, yr; median (range) 5.0 (1-17) 4.0 (1-17) 6.5 (1-17) ns
Reported allergies; number (%)
Asthma 41 (65) 17 (55) 24 (75) ns
Rhino-conjunctivitis 35 (56) 17 (55) 18 (56) ns
Eczema 40 (63) 18 (58) 22 (69) ns
Any pollen allergy 43 (68) 22 (71) 21 (66) ns
Grass pollen allergy 25 (40) 12 (39) 13 (41) ns
Furry animal allergy 29 (46) 13 (42) 16 (50) ns
Other food allergy 55 (87) 27 (87) 28 (88) ns
Egg 49 (78) 24 (77) 25 (78) ns
Milk 45 (71) 22.(71) 23 (72) ns
Fish 10 (16) 6 (19) 4(12) ns
Peanut/tree nuts 33 (62) 13 (42) 20 (62) ns

*Comparison between the study groups was performed using Fisher’s exact test. A p-value <0.05 was considered significant, ns, not significant.

nant LMW-glutenin (Tri a 36) (20) and recombinant HMW-
glutenin (Tri a 26) (10, 21) as described previously (22). The
cutoff for positive IgE levels was set to >0.35 kU4/1, except for
LMW-glutenin which had a high non-specific background
binding, and therefore, the cutoff was set to >1.5 kU, /I based
on the mean signal from 20 healthy blood donors +3 s.d.

Statistical analysis

Fisher’s exact test was used for pairwise comparison and
Mann-Whitney U-test for comparison of IgE-ab levels. A
p-value of <0.05 was considered significant. IgE-ab levels
<0.35 kUA/I were set to 0.175 and for LMW-glutenin levels
<1.5 kUA/l were set to 0.75 for statistical analyses. Receiver
operating characteristic (ROC) curves were calculated for IgE-
ab levels with the food challenge results as reference and
reported as area under the curve (AUC). Diagnostic perfor-
mance in terms of sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) was calcu-
lated. IgE-ab levels producing specificities and sensitivities of at
least 95% (here called positive and negative decision points,
respectively) were calculated for all tests. All analyses were
performed using Prism 5, GraphPad Software, La Jolla, CA,
USA.

Results
Patient characteristics

Of the 63 children included in the study, 41 (65%) were boys
and the median age was 5 (1-17) yr (Table 2). Upon inclusion,
41 (65%) children had doctor’s diagnosis of asthma, 35 (56%)
suffered from allergic rhino-conjunctivitis and 40 (63%) had
eczema (Table 2). Food allergies beside wheat allergy were

reported by 87% of the patients (Table 2). Allergy to pollen
was claimed by 68% of the children and of these 58%
specifically stated grass pollen as the trigger. Children in the
study were on average sensitized to more than four of the six
food allergen tested and to more than four of eight inhalant
allergens tested. Sensitization to grass pollen was demonstrated
in 73% (46/63) of the study subjects.

& Previous symptoms WA
(n=32)

& Previous symptoms
Challenge neg (n=31)

% % * % *

Number of patients

Resp RC Urticaria Skin Gl Eczema
Comparison previous symptoms
WA vs non WA

Figure 1 Comparison of previous wheat symptoms reported
between wheat-allergic (WA) and non-wheat-allergic (non-WA)
children (* refers to a level of significance <0.05, ** <0.01).
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Table 3 Age, symptoms*, and lgE-ab levels (in kU,/l) for children not challenged due to recent history of severe reactions within 6 months from

study inclusion

IgE antibody level (kUp/l)

Age Wheat (f4) w-5 gliadin Gliadin HMW-glutenin LMW-glutenin
13 A, RC, U 281 6.2 46 7.8 12
14 A, U, Other 818 13 262 44 46
5 A 846 19 240 27 32
4 A GL U 3247 52 1161 30 53
14 A, Gl 877 28 291 23.3 24
6 A Gl U 926 31 316 49 25

#=A, asthma, Gl, gastrointestinal, RC, rhino-conjunctivitis, U, urticaria, Other, angioedema/rash/OAS.

Challenge test results

Twenty-six children reacted with objective symptoms, while 31
children passed the oral wheat challenge test without objective
symptoms. Six children were not challenged due to a recent
history of severe reactions. Thus, in total, 32 children in the
study were classified as wheat allergic (Table 2).

The first dose at challenge (0.005 g wheat protein) elicited
subjective symptoms (OAS) in one child which, however,
resolved, and thus, the challenge was continued. No child
reacted at the next dose step (0.025 g), while three reacted
objectively at a dose of 0.05 g wheat protein. The highest dose
at which any child reacted corresponded to a total intake of
3.38 g wheat protein.

The most common symptoms at challenge or in the 2 h
observation time were respiratory symptoms (n = 10) and
rhino-conjunctivitis (n = 8) and ‘other’ symptoms (angioedema,
rash, and OAS) (n = 8). Urticaria and gastrointestinal symp-
toms were both elicited in seven subjects (data not shown).

Comparisons of wheat-allergic and non-wheat-allergic subjects

There was no difference in the median age between wheat-
allergic (6.5 yr, range 1-17) and wheat-tolerant children (4 yr,
range 1-17). Neither was there any significant difference in
prevalence of other allergic diseases, and symptoms of grass
pollen allergy were found to be equally common in both groups
(Table 2). However, sensitization to grass pollen was more
common in the wheat-allergic group than in the non-wheat-
allergic group (87.5% vs. 58%, p < 0.05) (results not shown).

Previous symptoms to ingested wheat reported by the study
subjects differed between the two diagnosis groups; children
who were confirmed as wheat-allergic after the challenge had
significantly more often experienced respiratory symptoms and
urticaria upon wheat intake (p < 0.001), while children who
passed the challenge more often reported eczema (p < 0.05)
(Fig. 1). Rhino-conjunctivitis, gastrointestinal symptoms, and
other symptoms (rash, OAS, angioedema) did not differ
between the two groups.

Sensitization to each of the four studied components was
significantly more common in WA children compared to non-WA
(p < 0.001) (data not shown), and the six children were considered
wheat allergic but not challenged; all had detectable IgE-ab to all

four wheat components (Table 3). Also, the levels of IgE-ab to
wheat and the four wheat components were significantly higher in
the WA than in the non-WA children (p < 0.001, Fig. 2).
Receiver operating characteristic curves calculated show
that the HMW-glutenin test had the largest AUC of 0.88, while
AUCs varied between 0.78 and 0.82 for the other wheat
components tested (Table 4). At the respective assay cutoff
points for each test, »-5 gliadin had a specificity of 84% and a
sensitivity of 62%, while gliadin, HMW-glutenin, and LMW-
glutenin had sensitivities of 81-94% and specificities between
29 and 52% (Table 4). The positive decision points based on at
least 95% clinical specificity in the diagnosis of wheat allergy
were 70 kU 4/ for wheat, 1.3 kUA/l for -5 gliadin, 6.0 kU4 /1
for gliadin, 1.4 kU,/l for HMW-glutenin, and 4.0 kUx/l for
LMW-glutenin (Table 4). Negative decision points, defined as
a sensitivity of at least 95%, were only possible to calculate for
wheat (8 kUa/l) and HMW-glutenin (0.35 kU /1) (Table 4).

Relation between symptom score and IgE levels to wheat
components

The severity of reactions at challenge was graded resulting in a
median score of 2.5 on a five-point graded scale. Thirteen

% ok ok sk ok %k % kR ok kK ok
10 000 5
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1000 4 & °
= Je °
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o E % ° ° °o %o
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Wheat  w-5gliadin  Gliadin HMW-glut  LMW-glut
Figure 2 IgE-ab levels to wheat and wheat components in 32
children with WA (O) and 31 non-WA (@) children. Statistical
significance was calculated based on the presence or absence of
IgE-ab above the set thresholds for each test (***refers to a level of

significance <0.001).
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Table 4 Diagnostic performance of wheat and four wheat allergen component tests based on specific IgE antibody quantifications and

outcomes of oral wheat challenges

Wheat allergens

Diagnostic performance Wheat (f4) -5 gliadin Gliadin HMW-glutenin LMW-glutenin
ROC/AUC* 0.91 0.78 0.83 0.88 0.82
Assay cutoff point**
Specific IgE level (kUa/l) 0.35 0.35 0.35 0.35 1.5
Sensitivity, Specificity (%) 100, 6 62, 84 94, 29 97, 42 81, b2
PPV, NPV (%) 52, 100 80, 68 58, 82 63, 93 63, 73
Positive decision point {95% spec)
Specific IgE level (kUa/l) 70 1.3 6.0 1.4 4.0
Sensitivity, Specificity (%) 62, 97 44, 97 69, 97 66, 97 56, 97
PPV, NPV (%) 95, 71 93, 62 96, 75 95, 73 95. 68
Negative decision point (95% sens)
Specific IgE level (kUa/l) 8.0 None None 0.35 None
Sensitivity, Specificity (%) 97, 58 97, 42
PPV, NPV (%) 70, 95 63, 93

*Receiver operating characteristic (ROC) curves were constructed for wheat and the four components with the food challenge result as
reference. The area under the curve (AUC) was calculated for each component.
**0.35 kU/I for all except LMW-glutenin for which an assay cutoff of 1.5 kU/l was set.

children were graded as score 1, four score 2, and nine score 4.
No child was classified as having scores 3 or 5.

The challenge positive children (n = 26) were divided into
two severity groups (mild = severity score 1 and 2;
severe = score 4), and the IgE-ab levels to wheat components
were compared to those of non-WA children (Fig. 3). Both
severity groups had significantly higher levels of IgE-ab to all
four components as compared to non-WA (p between >0.05
and >0.001), apart from gliadin where there was no difference
between mild reacting children and non-WA (Fig. 3). Children
with severe symptoms compared to those with mild symptoms
had significantly higher IgE-ab levels to gliadin, HMW-
glutenin, and LMW-glutenin (p > 0.05) but not to ®-5 gliadin.
IgE-ab levels for ®-5 gliadin, HMW-glutenin, and LMW-
glutenin (p > 0.05) but not for gliadin were significantly
different when comparing children with mild symptoms to
non-WA.

Discussion

In this study, we have characterized the clinical profile of
wheat-allergic children and investigated the diagnostic proper-
ties of wheat component IgE-ab tests in a large group of
children with a previous diagnosis of wheat allergy. Children
with confirmed wheat allergy (WA) had a history of more
severe symptoms, significantly higher IgE-ab levels to gluten-
derived wheat components than the challenge negative chil-
dren. In addition, the IgE-ab levels to these wheat components
correlated with the severity of reactions at challenge.

Only half of the children with a previous diagnosis of wheat
allergy reacted at the oral wheat challenge test, which may be
explained by that most wheat-allergic children develop toler-
ance over time but still have detectable wheat IgE-ab (2). A
third of the challenge positive children reacted severely, the

majority with respiratory symptoms. We found a significant
difference between the severity of historically reported symp-
toms to wheat in WA and non-WA. Respiratory symptoms

[INoWA, n=31
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Figure 3 IgE-ab levels to four gluten-derived wheat components in
31 non-WA and 26 children positive in wheat challenge divided into
groups with mild and severe symptoms, respectively. Results are
presented as the 25th to 75th percentile of the values with the
median and min to max indicated. Statistical significant differences
between the groups are indicated (*refers to a level of significance
<0.05, **<0.01 and ***<0.001).
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and urticaria were more prevalent in WA children while
eczema was more frequently reported by non-WA children.

Wheat allergy diagnosis is many times confounded by
underlying grass pollen sensitizations that through cross-reac-
tivity give rise to false-positive wheat extract test results, and
thus, there is a need for more specific wheat allergy biomarkers.
We show here that four wheat-specific components from the
gluten fraction are useful in differentiating clinically relevant
sensitizations to wheat. The [gE-ab levels to gliadin, -5 gliadin,
HMW-glutenin, and LM W-glutenin were all associated with the
challenge outcome and were also very high in children with a
convincing recent history of wheat allergy.

While the wheat extract test had high sensitivity in this study
(at least partly due to the inclusion criteria of positive wheat IgE
tests), the specificity was very low, showing the need for more
specific diagnostic tools. The w-5 gliadin was the test showing
the highest specificity and best in discriminating between
children with WA from non-WA children. Only five of 31
non-WA children had detectable albeit low levels of IgE-ab
(data not shown). However, the sensitivity of the m-5 gliadin test
was rather low (62%), and one-third of the WA children were
not sensitized to ®-5 gliadin. However, the eleven children
negative to -5 gliadin 1gE-ab were all sensitized to one or more
of the other three wheat-specific components. In addition, the
levels of IgE-ab to the four gluten components all correlated
with the severity of the symptoms at challenge in this study.

Our findings are supported by previous reports in the
literature; gliadins were previously shown using skin prick
testing to be useful in the diagnosis of wheat-allergic children
(8). In other studies, wheat-allergic patient has been shown to
more frequently have IgE-ab to LMW-glutenin than to ®-5
gliadin (20). However, the combination of IgE-ab against
LMW-glutenin and o-5 gliadin did not allow identification of
all wheat-allergic patients in that study. An association
between the presence of IgE-ab to LMW-glutenin and gastro-
intestinal symptoms after wheat ingestion could be demon-
strated by Simonato et al. (23).

Many studies have been focusing on WDEIA patients and
the usefulness of IgE-ab to HMW-glutenin (10, 21, 24) in their
diagnosis. In a German study on WDEIA patients (24),
sensitization to ®-5 gliadin, gliadin, and HMW-glutenin
concluded that analyzing [gE-ab to gliadin and HMW-glutenin
gives additional information in patients negative to ®-5 gliadin
IgE-abs. The results from our study indicate that also in
immediate wheat allergy, a combination of gluten-derived
component tests improves the prediction of clinical reactions.

Although the number of children with symptoms of grass
pollen allergy was equal in WA and non-WA children, we
found significantly higher levels of IgE-ab to timothy grass
pollen in the allergic children. These children also had higher
IgE-ab levels to wheat extract, indicating that sensitization to
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grass pollen influences the apparent IgE-ab level to wheat. A
previous study has shown that 65% of the patients with grass
pollen allergy had false-positive IgE-ab test results to wheat
extracts (25). There is thus a need for markers that truly can
differentiate between primary wheat sensitization and cross-
reactive sensitization.

Quantification of IgE-ab to -5 gliadin, gliadin, HMW-
glutenin, and LMW-glutenin all seems clinically useful in our
study population. The results indicate that a negative ®-5
gliadin test result is a good predictor of a negative wheat
challenge. By combining results from the -5 gliadin test,
having the highest specificity, with the results for gliadin and
HMW-glutenin tests, having the highest sensitivities, it was
possible to identify all children in the positive challenge group.

A limitation of this study is that all the wheat challenges
were performed as open food challenges but as the Astier
scoring method only takes objective symptoms into consider-
ation, this challenge procedure might be a minor drawback to
the study design. However, the ability of the gluten-derived
components to separate wheat allergy from tolerance is high
taking into consideration our study group was highly selected
for wheat allergy. Had the same analyses been made in a group
of children with weaker suspicion of wheat allergy, we believe
that the differentiating ability of the components may have
been even better.

In summary, it seems that many children are unnecessarily
on a wheat-free diet. In our population, the levels of IgE-ab to
-5 gliadin, gliadin, HMW-glutenin, and/or LM W-glutenin, all
wheat specific without any homologous proteins in grass
pollen, all are associated with clinical reactions to wheat and
also predict the severity of the wheat allergy.
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Atopic dermatitis (AD) is an inflammatory skin disease
characterized by an intensely pruritic skin rash (1). A
variety of mediators, including histamine and neuropepti-
des, are involved in pruritus. We previously reported that
olopatadine hydrochloride (olopatadine), a histamine H1
receptor antagonist, significantly suppresses the number
of scratching events associated with a decreasing number
of intraepidermal nerve fibres via increased semaphorin
3 A expression and decreased nerve growth factor (NGF)
levels in NC/Nga mice (2). Oral olopatadine (Kyowa
Hakko Kirin, Tokyo, Japan) has been prescribed in Japan
and Korea for treatment of allergic rhinitis, urticarial, pru-
ritus, eczema, prurigo, psoriasis vulgaris, and erythema
multiforme, which was covered by insurance.

Recently, interleukin (IL)-31 was found to play a role
in pruritus and skin barrier function in AD (3-5). It was
reported that transgenic mice overexpressing IL-31 ex-
hibit spontaneous pruritus and develop severe dermatitis
(6). Moreover, serum and tissue IL-31 levels in patients
with AD were increased compared with levels in control
subjects, and IL-31 levels correlated with both disease
activity and severity of AD (3, 7-9). Thus, we evaluated
the effect of olopatadine on tissue IL-31 levels inan AD
model using NC/Nga mice.

MATERIALS AND METHODS

AD-like dermatitis was induced by the topical application of
Dermatophagoides farinae body (Dfb, 100 mg/mouse/applica-
tion) ointment 3 h after barrier disruption by sodium dodecyl
sulphate on shaved dorsal skin of NC/Nga mice. These proce-
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dures were repeated twice per week for 4 weeks. After 2 weeks
of Dfb application, mice were treated orally with either distilled
deionized water (control) or olopatadine (3 or 10 mg/kg/day)
daily, whereas another group of mice received 0.1% (w/w) to-
pical tacrolimus (100 mg/mice/application) applied to the back
skin twice per week for 2 weeks. Mice treated with only sodium
dodecyl sulphate served as the sham group. Skin samples from
the lesional skin were homogenized as previously reported
(2). Subsequently, the tissue concentrations of IL-31, NGF, E-
selectin, and amphiregulin were determined by enzyme-linked
immunoassay (ELISA) according to the manufacturer’s protocol
(CSB-E13660m: Cusabio Biotech, Wuhan, Hubei Province,
China, NGF Emax Immunoassay system: Promega, Madison,
WI, USA, CD62E Quantikine ELISA kit and mouse amphiregulin
Duoset: R&D systems, Minneapolis, MN, USA, respectively).
The number of scratching episodes was determined by taking
video images for 90 min. Both the F-test and Aspin-Welch test
were used for analysis of differences between sham and control
groups. Multiple comparisons among treatment groups were
made using the Kruskal-Wallis test, followed by the Steel test.

RESULTS

As shown in Fig. 1A, IL-31 levels were significantly
increased in mice that received Dfb application (n=10)
compared with sham-treated mice (#=16). Olopatadine
at 3 and 10 mg/kg/day (n=10 each) significantly sup-
pressed this increase in 1L-31 levels by 88.1% and
94.5%, respectively. Tacrolimus ointment also signi-
ficantly suppressed the increase in IL-31 production
by 94.3%.

In the sham, control, and olopatadine-treated groups,
IL-31 correlated positively with the tissue concentra-
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Fig. 1. (A) Effects of olopatadine and tacrolimus ointment on interleukin (IL)-31 levels in lesioned skin of NC/Nga mice. Each column represents the
mean = standard error of 6-10 mice. **%p <0.001, significant difference from the control group (Aspin-Welch test). ip <0.001, significant difference from
the control group (Steel test). (B) Relationship between IL-31 levels and the number of intraepidermal neurites. A correlation was assessed by Pearson’s
correlation analysis. Each square represents individual data-points from individual mice.
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tions of several inflammatory and pruritus mediators,
including NGF, IL-1b, E-selectin, and amphiregulin
(r=0.7574, r=0.7324, r=0.8368, and r=0.6970, re-
spectively). In particular, the correlation between IL-31
levels and the number of intraepidermal nerve fibres
was strong (Pearson’s correlation analysis: »=0.8523,
p<0.0001; Fig. 1B), whereas olopatadine decreased IL-
31 levels, as well as the number of scratching events,
with a weak correlation (»=0.5426).

DISCUSSION

It has been reported that an increased number of pe-
ripheral nerve fibres may contribute to a reduction in
the itch sensation threshold (alloknesis) in human AD
patients and in NC/Nga mice (8, 9). The current study
suggests that IL-31, as well as NGF, may increase scrat-
ching events by reducing the itch sensation threshold of
NC/Nga mice. The weak association between scratch
number and IL-31 may arise from the time restriction
in recording the video image. Although neither the
source of 1L-31 in this model nor the mechanism of
olopatadine on reducing IL.-31 are clear, our study sug-
gests that olopatadine may affect local skin lesions by
reducing pruritus via decreasing tissue levels of IL-31.
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Facial Soap (Containing Hydrolyzed Wheat Proteins)-
Induced Wheat Allergy
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Abstract

A 38-year-old woman was suffering from irregular headaches and sleepiness. She had used soap contain-
ing Glupearl 195 (hydrolyzed wheat proteins) every day for approximately one year and had experienced an
episode of rash eruption on her face seven months ago. Wheat-specific IgE antibodies were detected in her
serum, A Western blot analysis revealed a high titer of IgE antibodies against Glupear] 19S and wheat pro-
teins. The patient was sensitive to these compounds in a skin prick test. After avoiding eating wheat, her
headaches and sleepiness disappeared. A hidden food allergy is a possible cause of these symptoms.

Key words: Glupearl 195, food allergy, additive, mild

(Intern Med 53: 151-154, 2014)
(DOI: 10.216Y/internalmedicine.53.0744)

Introduction

In October 2010, the Ministry of Health, Labour and Wel-
fare in Japan announced that the best-selling “green tea
soap” contains allergens capable of sensitizing the user to a
wheat allergy and may cause a food allergy to wheat, some-
times in the form of anaphylaxis. Following this announce-
ment, the responsible cosmetics company conducted a vol-
untary recall of the soap in May 2011. By that time, how-
ever, at least 471 users of the soap had suffered from wheat
allergies after consuming foods containing wheat products.
The company changed the formulation of the soap to make
it free of the hydrolyzed wheat protein additive (Glupearl
19S) in December 2010. By that time, however, more than
40 million bars of the soap had been sold, suggesting that
some consumers may have suffered from a wheat allergy
without being diagnosed. The mechanism underlying the de-
velopment of the facial soap allergy is as follows: the hy-
drolyzed products of the wheat proteins in the facial soap
sensitized the user through the skin or rhinoconjunctival mu-
cous membranes, after which IgE antibodies against the pro-

symptoms, prostaglandin D2

teins caused an allergic reaction upon the natural uptake of
wheat proteins in foods through the alimentary tract (1). In-
deed, a severe clinical form of food allergies, wheat-
dependent exercise-induced anaphylaxis (WDEIA), attracted
nationwide attention. WDEIA is the most common form of
food-dependent exercise-induced anaphylaxis (FDEIA). In
patients who experience strenuous exercise, such as running,
after eating a causative food (e.g., wheat; case of WDEIA),
usually within two hours, FDEIA can emerge as a serious
systemic reaction, including generalized urticaria, angio-
edema, erythema, dyspnea, abdominal pain and/or loss of
consciousness (2). FDEIA is the most severe form of aller-
gic food reactions. Considering the countless number of fa-
cial soap users, of whom a portion were sensitized to wheat
additives, it is likely that there are many patients with
milder symptoms of wheat allergies who did not develop
FDEIA.

Our report describes the case of a woman who was later
found to have a wheat-dependent food allergy. She exhibited
atypical symptoms for an allergy; however, we considered
that the symptoms were caused by an allergic reaction.
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Control without sera

A Western blotting analysis of wheat protein fractions and hydrolyzed wheat proteins in the

sera of the patient, a healthy control subject and a control subject without sera. Lane 1, marker; Lane
2, soluble wheat proteins; Lane 3, insoluble wheat proteins; Lane 4, Glupearl 19S; Lane 5, omega-5
gliadin. The IgE in the patient’s serum reacted to soluble and insoluble wheat proteins and Glupearl

19S, but not to omega-5 gliadin.

Case Report

A 38-year-old healthy woman suddenly developed itchy
edema on her face one day in December 2010. Since then,
she sometimes experienced itching in her eyes and on her
face, regardless of the season. Her family doctor prescribed
antipruritic eye drops and antihistamine medicines, which
reduced her symptoms, after which she stopped using the
medicines.

At around the same time, she sometimes experienced
headaches and sleepiness/drowsiness without any other
symptoms. Occasionally, her eyes were itchy for an un-
known reason when she experienced headaches and sleepi-
ness. Her symptoms prompted her to visit our outpatient
clinic in August 2011. Her headaches were mild and not
pulsatile, although they emerged almost every day at irregu-
lar times of the day. She described the symptom as being a
type of sleepiness/drowsiness that continued for two to three
hours. The headaches were unlikely tension-type headaches.
Possible organic causes of headaches were excluded on cra-
nial computed tomography; however, we were unable to
identify the cause of the headaches in the first series of
medical examinations. The patient sometimes used loxopro-
fen, a nonsteroidal anti-inflammatory drug (NSAID), for her
headaches; however, the medication neither alleviated nor
enhanced her symptoms. Since the cause of the allergic re-
action and headaches was unknown at that time, we con-
ducted a multiple antigen simultaneous test (MAST). Her
serum contained a high titer (16.80 LC (<1.39)) of IgE anti-
bodies specific for wheat allergens, as determined on an en-

zyme immunoassay that detected no IgE antibodies against
32 other allergens, such as cedar pollen, house dust, milk,
eggs, soybeans, fungus, etc. The results surprised the patient
because she had been eating bread every day for breakfast
and lunch. At that time, however, we did not anticipate the
clinical significance of the RAST results with respect to the
patient’s primary symptoms: headaches and sleepiness.

After seeing the issues related to the tea soap-associated
wheat allergy on TV and in the newspaper in November
2011, the patient recalled that she had used the tea soap
every day for approximately one year from 2009 to 2010.
She wondered about the possible association between the
use of the soap and the results of the RAST and consulted
us again. We subsequently conducted specific examinations
for the allergy induced by the soap. A skin prick test
showed a positive reaction to a solution of the tea soap
(100%, 1,000x), wheat extract (Torii Pharmaceutical Co.
Ltd., Tokyo, Japan), a solution of the hydrolyzed products
of the insoluble fraction of the wheat proteins (HWP) (pro-
vided by Shimane University) and a 0.01% solution of Glu-
pearl 19S (a HWP contained in the tea soap) provided by
the National Hospital Organization Sagamihara Hospital. A
Western blot analysis also revealed the presence of IgE anti-
bodies specific for Glupearl 19S in the patient’s serum,
whereas no antibodies to omega-5 gliadin were detected
(Figure). The results fulfilled the diagnostic criteria for the
immediate-type wheat allergy induced by Glupearl 19S pro-
posed by the Japan Society of Allergology (1, 3). Realizing
that she had a food allergy to wheat, the patient recalled that
her first allergic episode occurred while she had worked
hard to remove snow from her car parking lot after eating
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bread for lunch. The episode did not appear to be as severe
as anaphylaxis, although it was probably caused by the same
mechanism as WDEIA, which is triggered by exercise after
wheat intake. To treat the itching on her eyes and face, the
patient avoided eating any products containing wheat, and
the symptoms disappeared. Unexpectedly, her headaches and
sleepiness also disappeared. After recovering, the patient re-
ported that she experienced headaches and sleepiness one or
two hours after eating bread or pasta.

Discussion

The present patient did not exhibit any of the typical se-
vere symptoms of a food allergy to wheat products. How-
ever, we suspected that her headaches and sleepiness were
associated with a wheat allergy caused by sensitization to
the hydrolyzed products in the facial soap. This is the first
case of headaches and slecpiness as symptoms of an allergic
reaction among facial soap users.

The antigens and characteristics of soap-induced wheat al-
lergies differ from those associated with conventional food
wheat allergies, including WDEIA (1, 4). The mechanism
underlying the development of the soap-induced allergy is as
follows: the HWP (Glupearl 19S) contained in the facial
soap sensitizes the user through the skin and/or rhinocon-
junctival mucous membranes, after which he/she develops
allergic symptoms to natural wheat proteins absorbed
through the gastrointestinal tract (1, 5). Glupearl 19S is a
product made via the acidic hydrolysis of the insoluble frac-
tion of wheat in order to increase the solubility of glu-
ten (1, 6). A portion of patients sensitized to the HWP ex-
hibit a contact allergy several months after sensitization and
subsequently develop WDEIA, a generalized allergic reac-
tion induced by wheat ingestion (1). Patients with this soap-
induced wheat allergy rarely show sensitivity to omega-5
gliadin (1, 4), a component protein of wheat to which up to
80% of conventional WDEIA patients are sensitive (7). The
serum of the present patient contained IgE antibodies spe-
cific for Glupearl 19S but no IgE antibodies for omega-5
gliadin. The antigens and characteristics of the soap-induced
wheat allergy are different from those of conventional food
wheat allergies. i

The headaches and sleepiness observed in the present case
may have been caused by an allergic reaction to food.
Symptoms of food allergies include not only urticaria,
erythrogenic skin, edema and anaphylaxis, but also fatigue
and headaches, which are often overlooked because it is dif-
ficult to identify the cause of the symptoms (8). Wheat and
hydrolyzed products of wheat are used not only in bread
and pasta, but also in food additives in many kinds of pro-
cessed foods, which are consumed by patients uncon-
sciously. The cause of the present patient’s symptoms were
difficult to recognize because she unconsciously kept eating
many kinds of wheat products.

Although the symptoms observed in the present case did
not fulfill the criteria for migraines, previous research on

migraines strongly suggests the important role of mast cells
in the brain in the development of headaches. As early as
the 1930s, however, clinical researchers have recognized a
possible association between allergies and migraines and
concluded that wheat intake is one of the most frequent trig-
gers of migraines (9, 10). Subsequently, the levels of hista-
mine in the plasma and total IgE in some migraine patients
were shown to be high (11, 12). Mast cells are located peri-
vascularly in proximity to neurons, especially in the dura,
and are sometimes activated by allergic reactions, inflamma-
tory conditions or neurologic triggers (13). The headaches
observed in the present case were not typical for migraine
headaches; however, the high titer of IgE antibodies in the
serum strongly suggest that the IgE-mediated release of
chemical mediators/cytokines from mast cells may cause
headaches.

It is well established that mast cells sensitized to IgE anti-
bodies release not only histamine and leukotrienes, but also
prostaglandin D. (PGD-) upon cross-binding of IgE antibod-
ies by antigens (14) and that PGD: is an endogenous sleep
inducer (15). Physiologically, PGD. is synthesized in the
dura, the membrane system surrounding the brain, and is
naturally secreted into the cerebrospinal fluid where it acts
as the most important endogenous sleep inducer (13). It has
been reported, however, that patients with mastocytosis ex-
hibit marked overproduction of histamine and PGD: in addi-
tion to headaches and sleepiness (16). We wonder whether
the headaches and sleepiness observed in the present case
were possibly caused by this PGD»-mediated mechanism. It
is also known that cross-binding of IgE on mast cells with
antigens induces the synthesis of inflammatory cytokines,
such as IL6 and TNFo (17). We wonder whether the IgE-
mediated release of chemical mediators, such as PGD. and
histamine, and the subsequent formation of inflammatory
cytokines by brain mast cells may be the cause of the pa-
tient’s sleepiness and headaches.

The NSAID the patient sometimes used for her headaches
had no effect. We speculated that the NSAID did not block
the allergic reactions, but rather adversely affected the pa-
tient’s allergic reactions. Aspirin itself, with or even without
exercise, induces wheat-dependent anaphylaxis (18, 19).
Blocking the COX-1 pathway with NSAIDs precipitates his-
tamine release from mast cells and basophils (20). As other
presumed roles of NSAIDs in wheat allergy patients, aspirin
and loxoprofen are suspected to facilitate the absorption of
wheat through the gastrointestinal tract and/or promote the
generation of IgE against wheat allergens (20). Although the
present patient did not always use loxoprofen for her head-
aches, loxoprofen may have affected her allergic symptoms,
including headaches and sleepiness.

We expect that the present case will call the attention of
physicians and neurologists to the possibility that headaches
and/or drowsiness without typical allergic symptoms may be
caused by an IgE-mediated mechanism.
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