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The Sensitivity and Clinical Course of
Patients with Wheat-Dependent
Exercise-induced Anaphylaxis
Sensitized to Hydrolyzed Wheat
Protein in Facial Soap - Secondary
Publication
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Hiroaki Matsuo? and Michihiro Hidel

ABSTRACT

Background: Recently, an increasing number of patients with wheat-dependent exercise-induced anaphy-
laxis (WDEIA} have been reported in Japan. Most of them had developed this condition during or after using
hydrolyzed wheat protein (HWP)-containing soap (HWP-WDEIA).

Methods: To clarify the relation between WDEIA and HWP-containing soap and their prognosis, we retrospec-
tively studied the patients who visited Hiroshima University Hospital and were diagnosed as WDEIA from Janu-
ary 2010 to June 2011. We took detailed clinical histories, performed skin prick tests, serum immunoassays for
antigen-specific IgE and basophil histamine release test, and followed up their clinical courses after the diagno-
sis.

Results: Among 36 patients with WDEIA, 30 patients had used only one type of HWP-soap. The patients with
HWP-WDEIA were mainly women and had developed facial symptoms and angioedema. They suffered from
blood pressure reductions less frequently than patients with conventional WDEIA. The levels of gluten-specific
IgE were higher than those of omega-5 gliadin in patients with HWP-WDEIA (P < 0.05, One-way ANOVA). All
patienis with HWP-WDEIA were positive against HWP in histamine release test. Among the conventional
wheat antigens, giutenins induced the highest histamine release from basophils of patients with HWP-WDEIA.
The sensitivities of patients against glutens and glutenins were reduced over months along with the discontinu-
ance of HWP-soap.

Conclusions: The development of HWP-WDEIA is associated with the use of HWP-soap. The sensitivity to
HWP that cross reacts with non-processed wheat may be reduced or possibly cured after the discontinuation of
HWP-soap.
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clinical course, histamine release test, hydrolyzed wheat protein (HWP), IgE, wheat-dependent exercise-
induced anaphylaxis (WDEIA)
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INTRODUCTION

Hydrolyzed wheat protein (HHWP) is obtained by hy-
drolyzing wheat with acids or enzymes. Because of
its non-rritating and long-lasting foaming activity,
HWP is widely used for numerous kinds of soaps,
shampoos, creams, etc.l2 instead of chemical foam-
ing compounds. Recently, cases of wheat allergy
caused by HWPL3 have been reported. Snegaroff ef
al3 reported that some cases developed as wheat-
dependent exercise-induced anaphylaxis (WDEIA).
In Japan, many cases have been reported concerning
patients who developed WDEIA after the use of
HWP-containing soap,4? and all of the patients re-
ported to date have used the same product (A case of
HWP-WDEIAI!S sensitized to HWP regarding another
brand of soap was reported after the first publication
of this article.).

In our hospital, the number of patients with
WDEIA has greatly increased since 2010 and most
cases had histories of HWP-containing soap usage. In
this study, we report clinical characteristics, results of
examinations, managements, and clinical courses of
patients with WDEIA who visited our hospital in 2010
and 2011.

METHODS

SUBJECTS

Patients, who were diagnosed as WDEIA in Hiro-
shima University Hospital within 18 months (from
January 2010 to June 2011), were evaluated, retro-
spectively. We classified WDEIA into two groups, one
was a hydrolyzed wheat protein-WDEIA (HWP-
WDEIA) group who had used HWP-containing soap
before the development of WDEIA, and another was
a conventional WDEIA (Co-WDEIA) group who had
not used soap or cosmetics containing HWP. The di-
agnosis of WDEIA was made if a patient had a history
of one or more incidences of anaphylaxis, and/or two
or more allergic symptoms, after exercise, and
showed a positive result in clinical examinations for
wheat allergy, including, skin prick test, antigen-
specific IgE, and histamine release test.

METHODS
From interview sheets and charts, we checked age,
sex, use of HWP-containing soap, past history (espe-
cially about allergic diseases), clinical symptoms
(face symptoms, urticaria, angioedema, respiratory
symptoms, abdominal symptoms, and blood pressure
reduction), and its onset, history of hospitalization,
and use of epinephrine.
. The minimum quantity of exercise to develop
symptoms was classified as grade 1: daily living activi-
ties such as bathing or housekeeping; grade 2: light
exercise, such as walking or shopping; grade 3: jog-
ging or other sports.

Clinical symptoms were classified as grade 1; only
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skin symptoms; grade 2: anaphylaxis of non-
cutaneous organs without reductioni of blood pres-
sure; grade 3: anaphylaxis accompanying a reduction
of blood pressure.

Skin prick tests (SPT) for wheat and bread were
examined using prick lancets (Yayoi Co., Ltd., Tokyo,
Japan) and allergen scratch extracts (Torii Pharma-
ceutical Co., Ltd., Tokyo, Japan). The response was
classified as semi-positive (z), positive (+), when they
were >25%, 50%, respectively, of the positive control
response induced by histamine chloride at 10 mg/
m],” negative when the average wheal diameters
were the same as those of the negative control (sa-
line), or smaller than those of semi-positive after 15
minutes.

We collected data of the specific IgE against wheat,
gluten, and omega-5 gliadin (Imuno-CAP® Phadia
AB, Uppsala, Sweden).

For histamine release tests (HRT), basophils were
obtained from the peripheral blood of patients and
were incubated with antigens. We defined % hista-
mine release as (histamine released into the buffer)/
(total histamine). We defined as positive if net % hista-
mine release (difference between % histamine release
in response to antigens and that in buffer) was 5% or
more. Basophils were stimulated by gliadin-mix (TCI,
Tokyo, Japan), glutenin-mix (TCI), omega-5 gliadin8
and HWP (Glupal-195) (Katayama Chemical, Inc.,
Osaka, Japan) contained in the soap used by patients.
Since we obtained HWP in May 2010, we performed
HRT against HWP only when patients revisited our
hospital after stopping the use of HWP-containing
soap, except for one patient who first visited our hos-
pital in June 2010.

All analyses were performed using Graph Pad
Prism 5 (Graph Pad Software, San Diego, CA, USA).

This study was approved by the Ethics Committee
of the Hiroshima University (No. 445).

RESULTS

CLINICAL CHARACTERISTICS OF PATIENTS
WITH WDEIA-DEMOGRAPHY- (Table 1)

‘We diagnosed 40 patients as WDEIA, and 36 of them
were checked for whether they had used the HWP-
containing soap or not.

Among the 36 patients, 30 patients were diagnosed
as HWP-WDEIA, 4 patients as Co-WDEIA, and 2 pa-
tients were unclassified because of uncertain histo-
ries. The HWP-containing soap used by the patients
was the product of a company (Chano-Shizuku®,
Yuhka, Fukuoka, Japan).

All patients with WDEIA consisted of 7 males and
33 females, and the mean age was 37.6 years old
(male 24, female 40.5).

The patients with HWP-WDEIA consisted of 2
males and 28 females, and their mean age was 40.3 =
16.9 years cld. The mean age of 2 males and 2 fe-
males with Co-WDEIA was 36.8 = 6.2 years old.

Allergology International Vol 62, No3, 2013 www.jsaweb.jp/
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Table 1 Clinical characteristics of patients with WDEIA
-Demography-

Table 2 Clinical characteristics of patients with WDEIA
-Symptoms and skin reactions in prick test-

HWP-WDEIA Co-WDEIA HWP-WDEIA  Co-WDEIA

Number of patients 30 4 Urticaria 27130 (90%) 4/4 (100%}
Average of age (years) 40.3 (15-75)7 36.8 (30-43)t Angicedema 22/29 (76%) 1/3 ( 33%)
Gender (Male : Female) 2:28 2:2 Respiratory symptom 22/28 (79%) 2/2 {100%}
Use periods of HWP-soap 12.8 (0.5-48) none Face flash or itchy 18/30 (60%) 1/4 ( 25%)
by the onset (moniths) Blood pressure reductions 11/28 (39%)  2/3( 67%)
Total use periods of 18.1 (1-60) none Abdominal symptom 7/30(23%)  1/3( 33%)
gg‘::;:g:t’;’og“;";;zma 630 (10/20)  0/4 (14 Skin pricktest Wheat (Torii)  18/22 (82%)  2/2 (100%)
Bread (Toril) 17/22 (77%) 3/3 (100%)

(History of eczema)

tRange of age; WDEIA, wheat-dependent exercise-induced
anaphylaxis; HWP-WDEIA, hydrolyzed wheat protein-WDEIA; Co-
WEOEIA, conventional WDEIA.

Duration of the use of HWP-containing soap among
29 patients with HWP-WDEIA was from less than one
month to 48 months and the average was 12.8 + 13.1
months.

Regarding complication of other allergic diseases
with HWP-WDEIA, six patients (4) suffered from
atopic dermatitis, 2 (4), 4 (4), and 3 (2) patients were
suffering from asthma, allergic rhinitis and allergic
conjunctiva, respectively (the numbers in parenthesis
mean the number of patients with respective compli-
cations only in the past history). In patients with Co-
WDEIA, only one out of four patients had a past his-
tory of atopic dermatitis.

CLINICAL SYMPTOMS OF PATIENTS WITH
WDEIA

Symptoms of patients with HWP-WDEIA were as fol-
lows: urticaria 27/30 (90.0%), angioedema 22/29
(75.8%), respiratory symptoms 22/28 (78.6%), facial
symptoms 18/30 (60.0%), decreases of blood pres-
sure 11/28 (39.3%), abdominal symptoms 7/30
(23.3%). ;

Six patients needed hospitalization and 3 patients
had taken an injection of epinephrine.

We could evaluate the minimum quantity of exer-
cise in 26 patients with HWP-WDEIA (grade 1: 6,
grade 2: 15, grade 3: 5). Those in patients with Co-
WDEIA were grade 2 in two patients and grade 3 in
one patient.

Durations of symptoms in patients with HWP-
WDEIA tended to be longer than those in patients
with Co-WDEIA. In patients with HWP-WDEIA, 10
out of 24 patients suffered from symptoms for more
than 3 to 4 days in each attack, eight patients for 2
hours to 1 day, and six patients for 2 hours or less.
Durations of symptoms were confirmed in two pa-
tients with Co-WDEIA, and those of both patients
were less than 2 hours.

Allergology International Vol 62, No3, 2013 www.jsaweb.jp/

WDEIA, wheat-dependent exercise-induced anaphylaxis; HWP-
WDEIA, hydrolyzed wheat protein-WDEIA; Co-WDEIA, conventional
WDEIA

SKIN PRICK TEST

Patients with HWP-WDEIA presented high positive
rates of skin prick test for wheat 18/22 (81.8%), bread
17/22 (77.8%), but three patients were negative for
both antigens (Table 2).

MEASUREMENT OF ANTIGEN-SPECIFIC IgE IN
PATIENTS WITH HWP-WDEIA

The antigen-specific IgE in patients with HWP-
WDEIA were as follows; wheat-specific IgE (CAP-
FEIA): class 2 or more 23/30 (76.7%), class 1 or more
27/30 (90.0%); gluten-specific IgE (CAP-FEIA): class
2 or more 26/30 (86.7%), class 1 or more 29/30
(96.7%); omegab-gliadin-specific IgE (CAP-FEIA):
class 2 or more 1/29 (3.4%), class 1 or more 4/29
(13.8%) (Fig. 1A). The levels of omegab-gliadin-
specific IgE were statistically lower than those of the
other wheat antigens (one-way ANOVA, P < 0.05)
(Fig. 1B). The levels of gluten-specific IgE tended to
be high in correlation with the grade of symptoms.
However, there was no statistical difference among
gluten-specific IgE of patients in each clinical grade
(one-way ANOVA) (Fig. 2), presumably due to a
large dispersion of the values of specific IgE. The
numbers of peripheral blood eosinophil and total IgE
were 3.5% (1.1-13.3%) and 357.6 IU/ml (41.6-2459 1U/
ml) on average, respectively.

HISTAMINE RELEASE TEST (HRT) OF BASO-
PHILS FROM PATIENTS WITH HWP-WDEIA

HRT's against wheat allergens were performed in 28
patients with HWP-WDEIA. Four out of 28 patients
were low-responders (net % histamine release against
anti-IgE was less than 5%) and they were excluded
from the analysis of positive rates in HRTs. Out of 24
patients (excluded low-responders), 11 (45.8%), 17
(70.8%) and four (16.7%) patients were positive when
stimulated by gliadin-mix, glutenin-mix and omega5-
gliadins, respectively, indicating glutenin as a major
antigen. The negative rates of reaction to omega5-
gliadin was statistically higher than those to the other
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Wheat Glutens w5-gliadin
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Fig. 1 Serum antigen-specific IgE levels with HWP-WDEIA. (A) Positive rate of specific IgE against wheat anti-
gens. (B) Levels of antigen-specific IgE against wheat and those against glutens were significantly higher than
those against omega-6 gliadin. Values less than 0.34 were accounted as 0.34 UA/mI for statistical calculations.
WDEIA, wheat-dependent exercise-induced anaphylaxis; HWP-WDEIA, hydrolyzed wheat protein-WDEIA; ***P <

0.001, one way ANOVA.
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Fig. 2 Relation belween serum gluten-specific IgE levels
and grades of clinical symptoms in patients with HWP-
WDEIA. Mean levels. of gluten-specific IgE in grade 3 is the
highest among 3 groups. There was no statistical difference
among 3 clinical groups (One-way ANOVA). Grade 1: Pa-
tients had only skin symptoms, Grade 2: Patients had ana-
phylaxis symptoms, but not blood pressure reduction. Grade
3: Patients had histories of anaphylactic shock. WDEIA,
wheat-dependent exercise-induced anaphylaxis; HWP-
WOEIA, hydrolyzed wheat protein-WDEIA.

wheat antigens (one-way ANOVA, P < 0.05) (Fig. 3A,
B).

HRTs against HWP were performed in 16 patients
with HWP-WDEIA. All of them were positive, expect
for one low-responder patient (Fig. 3C, D). On the
other hand, all patients with Co-WDEIA (2), atopic
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dermatitis (4), cholinergic urticaria (1) were negative
in reactions to HWP (data not shown).

GLUTEN-SPECIFIC IgE AND PERIODS USING
HWP-SOAP (Fig. 4)

Levels of gluten-specific IgE were weakly correlated
with periods using HWP-soap (n = 29).

CHANGES OF HWP-HYPERSENSITIVITIES IN
PATIENTS WITH HWP-WDEIA AFTER THE DIS-
CONTINUATION OF HWP-SOAP USAGE

We could follow up gluten-specific IgE in 11 patients
with HWP-WDEIA over subsequent months, Levels
of gluten-specific IgE antibodies had slowly de-
creased after stopping the use of HWP-soap (Fig.
54).

The ratio of net % histamine release in response to
glutenin-mix over that of anti-I[gE had significantly
decreased after three months since stopping the use
of HWP-containing soap (P < 0.05, Fig. 5B). HRT
against three wheat antigens became completely
negative in one of the six patients. We therefore had
permitted her to take wheat and do exercise. She had
one slight attack (mild angioedema and respiratory
discomfort) when she exercised after eating some
bread two weeks after the permission had been
given. The symptoms were promptly cleared by tak-
ing an antihistamine. In the following five months,
she did not suffer from any symptoms upon consum-
ing wheat and exercising.

In total 12 patients revealed a decrease of wheat hy-
persensitivity represented by gluten-specific IgE or
HRTs. Nine of them had been prohibited to eat
wheat-containing food when they took oral NSAIDs

Allergology International Vol 62, No3, 2013 www.jsaweb.jp/
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Fig. 3 Histamine release tests in patients with HWP-WDEIA, (A) Histamine release in
response to gliadins and that to glutenins were significantly higher than that against
omega-5 gliadin {(n = 28). **P < 0.01, **P < 0.001, one way ANOVA. (B} Positive rate of
histamine release test against wheat antigens in patients with HWP-WDEIA. We defined
25% Net %histamine release as positive. The patients who had low response against anti-
IgE (<5%) were excluded from statistical calculations. {(C) Histamine release against HWP
containing soap that HWP-WDEIA patients used {n = 16). Although some patients were
already stopped the use of HWP-containing soap, levels of net% histamine release
against HWP were still extremely high. (D) Positive rate of histamine release test against
HWP in patients with HWP-WDEIA. All patients showed positive responses against HWP.
We defined =5% Net %histamine release as positive. The patients who showed low re-
sponses against anti-lgE (<5%) were excluded from statistical calculations. WDEIA,
wheat-dependent exercise-induced anaphylaxis; HWP-WDEIA, hydrolyzed wheat protein-

WDEIA; HWP, hydrolyzed wheat protein.
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Fig. 4 Gluten-specific IgE antibodies and periods of HWP-
soap use (7 = 29). Levels of gluten-specific IgE were weakly
correlated with periods of HWP-soap use. Values less than
0.34 were calculated as 0.34 UA/ml for statistical calcula-
tions. HWP, hydrolyzed wheat protein.
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or exercise, but had been permitted fo censume
small amounts of wheat when they were resting. One
patient consumed substantial amounts of wheat once
a month and the other two patients were completely
restricted from consuming wheat.

DISCUSSION

In this study, we demonstrated among our patients
that: 1. The number of the patients with WDEIA in-
creased and most of them were HWP-WDEIA; 2. the
patients with HWP-WDEIA were mostly women, and
older than the patients with Co-WDEIA; 3. the level of
gluten-specific IgE tended to be high, and omega-5
gliadin tended to be low; 4. the same tendency was
observed for HRT; 5. levels of gluten-specific IgE
were weakly correlated with periods of HWP-
containing soap usage; 6. the wheat-hypersensitivity
of patients with HWP-WDEIA tended to decrease af-
ter stopping the usage of HWP-containing soap over
months and could possibly be cured.
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Fig, 5 Changes of HWP-hypersensitivities in patients with HWP-WDEIA after the discon-
tinuation of HWP-soap use. (A) Levels of gluten-specific IgE antibodies decreased after
stopping the use of HWP-soap (n = 11). (B) Histamine release in response to glutenins
before and after the discontinuation of HWP-soap (n = 6). WDEIA, wheat-dependent
exercise-induced anaphylaxis; HWP, hydrolyzed wheat protein.

The number of patients with food-dependent
exercise-induced anaphylaxis (FDEIA) who visited
our hospital during a one year and six month period
(from January 2010 to June 2011) was 46. In contrast,
only five patients visited our hospital during an earlier
1 year and eight month period (from December 2003
to July 2005).9 This observation indicated that the
number of the patients with FDEIA had considerably
increased recently. Moreover, the rate of WDEIA
among FDEIA 87% (40/46) was larger than a previ-
ous report of Mochizuki, ef al (57%).10

Hisamoto!! reported that the mean age of 68 pa-
tients with FDEIA was 20.1 years, and that 48 (70.6%)
were male and 20 (29.4%) were female. In our study,
mean age of 46 patients with FDEIA was 37.6 years,
and the numbers of male and female were 9 and 37,
thus, relatively older and a higher rate being female.
At first, we were not aware of the reason for such an
increase in females, and age of patients with WDIEA.
However, publications of similar reports about HWP-
WDEIA in Japan prompted us to interview the pa-
tients about the use of particular soaps, resulting in
the demonstration of a high rate (83.3% of whole
WDEIA patients) of HWP-containing soap usage
among the patients.

Many patients with HWP-WDEIA in our hospital
had developed symptoms of face and angioedema,
but the number of patients who had suffered from re-
duction of blood pressure and abdominal symptoms
was small. Chinuki et al.1? reported that the main
symptoms of Co-WDEIA and HWP-WDEIA were urti-
caria (wheal) and angioedema (especially eyelids),
respectively. They also reported that patients with
Co-WDEIA experienced anaphylactic shock more
often than patients with HWP-WDEIA, Another clini-
cal difference between HWP-WDEIA and Co-WDEIA
was the amount of exercise to evoke attacks. Six pa-
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tients (22.2%) with HWP-WDEIA experienced attacks
even after domestic work or taking a bath. Thus the
symptoms of HWP-WDEIA may be induced easily by
light exercise as compared with those of Co-WDEIA.
Regarding the duration of attacks, those in patients
with HWP-WDEIA tended to be longer (3-4 days in
41.7% patients), possibly due to the complication with
angioedema.

SPT for wheat and bread were positive in 81.8% and
77.2% in patients with HWP-WDEIA, respectively.
Namely, SPT was false negative in 18.2% patients with
HWP-WDEIA. Most patients with HWP-WDEIA were
negative in Immuno-CAP® for omega-5 gliadin-
specific IgE. Even if omega-5 gliadin-specific IgE was
positive, the levels of wheat- and gluten-specific IgE
were higher than that of omega-5 gliadin-specific IgE.
Fukutomi? and Chinuki” also pointed out that the lev-
els of omega-5 gliadin-specific IgE were almost nega-
tive in patients with HWP-WDEIA, Therefore, posi-
tive wheat- and gluten-specific IgE" and negative
omega-5 gliadin-specific IgE may be taken as a proof
to distinguish HWP-WDIEA from Co-WDIEA.

In accordance with antigen-specific Igk, histamine
release in response to gliadins and glutenins were
significantly higher than that to omega-5 gliadin.
Even if patients had a positive response to omega-5
gliadin, the levels of histamine release were lower
than that to glutenins in all-cases. HRTs against HWP
were all positive except for one low-responder. These
results suggest that patients with HWP-WDEIA were
sensitized by HWP rather than by natural wheat.

One patient was entirely negative in SPT. and
antigen-specific IgE, but was positive in HRT against
glutenins and omega-5gliadin. Therefore, we diag-
nosed him as HWP-WDEIA with consideration of
both positive HRT and his clinical history. In contrast,
another patient was negative in SPT and a low-
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responder in HRT, but both wheat- and gluten-
specific IgE were positive. We diagnosed her as
HWP-WDIEA with consideration of the detection of
specific IgE by Immuno-CAP® and her clinical his-
tory. These results suggested that the importance of
conducting multiple tests, especially when WDEIA
was suspected based on their history, but a particular
test gave a negative result against wheat and its com-
ponents.

To clarify the relationship between the use of
HWP-containing soap, and the onset of WDEIA, and/
or their clinical data, we analyzed the correlation be-
tween the duration of HWP-soap usage and levels of
gluten-specific IgE by regression analysis. It revealed
that these factors were weakly, but significantly cor-
related (P < 0.05). Fukutomi ¢f al.4 reported that the
binding of specific IgE in sera from patients with
HWP-WDEIA to HWP was fully inhibited by HWP,
but not by natural wheat extracts. In our study, baso-
phils from patients with HWP-WDEIA reacted sub-
stantially more strongly with HWP than that with
other natural wheat antigens. These observations
suggested that patients with HWP-WDEIA were pre-
viously sensitized to HWP via skin and mucosa by be-
ing exposed to HWP-containing soap. Chinuki ef al.7
speculated that one of the reasons for sensitization to
HWP by the usage of HWP-containing soap was due
to destruction of skin barrier function by detergents
contained in the soap. Although they reported that
only one out of 12 patients with HWP-WDEIA was
complicated with atopic dermatitis, six out of 30 (20%)
patients had been suffering from atopic dermatitis in
this study. Taking into account that the prevalence of
atopic dermatitis in Japan was 2.5% in the 50 to 59
year age group, 4.8% in 40 to 49 year age group, 8.3%
in 30 to 39 year age group and 9.4% in 20 to 29 year
age group,!3 patients with atopic dermatitis may be
susceptible to the development of HWP-WDEIA,

Information about clinical course of wheat allergy
in adult onset, including Co-WDEIA, was limited, es-
pecially about remission. Our data on the decreases
of wheat-hypersensitivities in patients with HWP-
WDEIA after the discontinuation of HWP-soap usage
not only -suggest the relation between the usage of
HWP-containing soap and the onset of HWP-WDEIA,
but also imply the possibility of improvement of such
hypersensitivity against wheat. In our hospital, we
recommend that patients with HWP-WDEIA avoid
the combination of wheat and exercise rather than
complete avoidance of wheat products. Nine out of 12
patients with gluten-specific IgE and/or the reactivity
against glutenin in HRT continued to eat small
amounts’ of wheat and decreased their sensitivities.
‘We could not find a significant difference of remis-
sion rate of wheat-hypersensitivity between the group
with complete avoidance of wheat and that with con-
tinuous taking of small amounts of wheat. It is feasi-
ble that continuous intake of wheat might have led a
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tolerance rather than allergy.® Reports from multiple
institutions are needed to clarify the influence of oral
intake of wheat on the hypersensitivity against wheat
after the discontinuation of HWP-soap usage.

‘All patients with HWP-WDEIA in this study and
previously reported in Japan had used the same kind
of soap (Cha-no-Shizuku®). However, this HWP
(Glupal-19S8) had also been contained in many other
cosmetics of other companies. The reason why there
are no reports about other cosmetics is unclear (A
case of HWP-WDEIA! sensitized to HWP regarding
another brand of soap was reported after the first
publication of this article.). Since as many as forty-six
million bars of Cha-no-Shizuku® were sold in Japan
from 2004 to 2010, it may be simply due to such a
very large number of people exposed to this soap. Al-
ternatively, the composition of other ingredients and
the way of using the soap might alsc be important
and should be a subject for investigation. The com-
pany that sold Cha-no-Shizuku® has launched a self-
imposed recall of the item and excluded HWP from
the new lots of this soap. Moreover, the company that
made Glupal-195 has already stopped making and dis-
tributing HWP. Therefore, the number of patients
with HWP-WDEIA is expected to decrease in the fu-
ture. However, since other types of HWP are still con-
tained in many products such as cosmetics and foods,
further analysis is needed to clarify whether only
Glupal-19S among HWPs have a sensitizing capacity
or other HWPs could also have such activity.
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Current perspectives

Present state of Japanese cedar pollinosis: The national

affliction

Takechiyo Yamada, MD, PhD,? Hirohisa Saito, MD, PhD,® and Shigeharu Fujieda, MD, PhD?

Seasonal allergic rhinitis (SAR) caused by Japanese cedar
pollen (JCP; ie, sugi-pollinosis) is the most common disease in
Japan and has been considered a national affliction. More than
one third of all Japanese persons have sugi-pollinosis, and this
number has significantly increased in the last 2 decades. In our
opinion the reason why sugi-pollinosis became a common
disease in the last half century is the increased number of cedar
pollens, with global climate change and forest growth caused by
the tree-planting program of the Japanese government after
World War II playing substantial roles; dust storms containing
small particulate matter from China might also contribute to
the increased incidence of sugi-pollinosis. To help minimize their
symptoms, many Japanese wear facemasks and eyeglasses at all
times between February and April to prevent exposure to JCP
and aerosol pollutants. Forecasts for JCP levels typically follow
the weather forecast in mass media broadcasts, and real-time
information regarding JCP levels is also available on the
Internet. Because a large amount of JCP is produced over
several months, it can induce severe symptoms. Japanese
guidelines for allergic rhinitis recommend prophylactic
treatment with antihistamines or antileukotrienes before the
start of JCP dispersion. Additionally, sublingual

From “the Department of Otorhinolaryngology—Head & Neck Surgery, University of
Fukui, and °the Department of Allergy and Immunology, National Research Institute
for Child Health and Development, Tokyo.

Supported by Grants-in-Aid for Scientific Research from the Japanese Ministry of
Health, Labour and Welfare (H23-Immunology-general-006) and from the Japanese
Ministry of Education, Culture, Sports, Science and Technology (23390397,
22659306).

Disclosure of potential conflict of interest: T. Yamada is employed by the University of
Fukui and has received research support from the Japanese Ministry of Health, Labour,
and Welfare. H. Saito is employed by the National Center for Child Health and Devel-
opment; has received research support from the Japanese Ministry of Health, Labour,
and Welfare; has received payment for lectures from Teijin Pharma, Shiseido, Merck
Sharp and Dohme K.K., Taiho Pharmaceutical, Nippon Boehringer-Ingelheim, Ono
Pharmaceutical, GlaxoSmithKline K.K., Pfizer Japan, and Novartis Pharma K.K.;
has received payment for manuscript preparation from Taiho Pharmaceutical; has
received payment for development of educational presentations from Shimane Univer-
sity and Toho University; and has received travel support from Shimane University
Japanese Society of Allergology, the Japanese Society of Pediatric Allergy & Clinical
Immunology, and Pfizer Japan. S. Fujieda has received research support from the Jap-
anese Ministry of Health, Labour, and Welfare, the Japanese Ministry of Education,
Culture, Sports, Science and Technology, Ono Pharmaceutical, and Merck Sharp &
Dohme K.K.; has consultant arrangements with Kyorin Pharmaceutical; is employed
by the University of Fukui; and has received payment for lectures from Kyowa Hakko
Kirin, Ono Pharmaceutical, and Merck Sharp & Dohme K.K.

Received for publication July 17, 2013; revised November 6, 2013; accepted for publi-
cation November 7, 2013.

Available online December 19, 2013.

Corresponding author: Shigeharu Fujieda, MD, PhD, Department of Otorhinolaryngology—
Head & Neck Surgery, University of Fukui, 23-3 Matsuoka-Shimoaizuki, Eiheiji, Yosh-
ida, Fukui 910-1193, Japan. E-mail: sfujieda @u-fukui.ac.jp.

0091-6749/$36.00

© 2013 American Academy of Allergy, Asthma & Immunology

hitp://dx.doi.org/10.1016/1.jaci.2013.11.002

632

Fukui and Tokyo, Japan

immunetherapy will be supported by health insurance in the
summer of 2014. However, many patients with sugi-pollinosis do
not find satisfactory symptom relief with currently available
therapies. Collaboration between scientists and pharmaceutical
companies to produce new therapeutics for the control of sugi-
pollinosis symptoms is necessary. (J Allergy Clin Immunol
2014;133:632-9.)

Key words: Seasonal allergic rhinitis, Japanese cedar, global
climate change, prophylactic treatment, alternative complementary
treatments

Allergic rhinitis (AR) represents a global health care problem
that greatly affects daily activity, work productivity, learning,
sleep, and quality of life (QOL) in persons of all ages. In the
Allergic Rhinitis and its Impact on Asthma study, AR is divided
into 2 categories: intermittent or persistent disease. However,
many otorhinolaryngologists in Japan use a perennial allergic
rhinitis (PAR) and seasonal allergic rhinitis (SAR) classification
system.” The major allergen contributing to SAR in Japan is pol-
len from the Japanese cedar (Cryptomeria japonica; ie, sugi).
SAR is caused by Japanese cedar pollen (JCP; ie, sugi-
pollinosis) and was first reported in 1963.% During the height of
the allergy season (between February and April), a large number
of patients with sugi-pollinosis experience more severe symptoms
for longer periods of time compared with other pollen allergies
(Fig 1, A). This might be because JCP is dispersed in large quan-
tities over long distances (>100 km in some cases) and can remain
airborne for more than 12 hours (Fig 1, B).a’ Furthermore, pollen
from the Japanese cypress (Chamaecyparis obtusa), which also
causes SAR, is dispersed in April and May, immediately after
the release of JCP. Because Japanese cypress pollens are consid-
ered to contain several components that cross-react with JCP, 70%
of patients with sugi-pollinosis also experience SAR caused by
Japanese cypress pollen. Therefore allergic symptoms can last
for as long as 4 months, from February to May, with some varia-
tion caused by annual climate differences.

A meta-analysis of 38 reports representing 27 prevalence
subgroups and 134 sensitization rate subgroups showed that the
prevalence of sugi-pollinosis increased 2.6-fold between 1980
and 2000.” The prevalence of sugi-pollinosis was 19.4% of the
Japanese population in 2001.° We conducted a survey of 1540
persons aged 20 to 49 years in Fukui City between 2006 and
2007 that indicated the positive rate of serum JCP-specific IgE
was 56.3% and the prevalence of sugi-pollinosis was 36.7%.”
Additionally, the International Study of Asthma and Allergies
in Childhood showed that Tokyo schoolchildren have an
extremely high prevalence of SAR.*” Specific to Japan, SAR-
JCP is now called a national affliction. Manufacturers and
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retailers are set to tap into a soaring demand for medications and
related items, and the market for JCP prescription drugs has
soared to 200 to 300 billion yen per season (2.1-3.2 billion US
dollars). Also, the government will be required to take effective
actions.

In this review we introduce sugi-pollinosis, the national
affliction of Japan, with the intention of informing allergists
about the spectrum of symptoms and treatment options available
for patients with sugi-pollinosis.

PUTATIVE TRIGGER FACTORS, ENVIRONMENT,
AND PATHOLOGY FOR THE INCREASED
PREVALENCE OF SUGI-POLLINOSIS

In Japan forests cover approximately 25 million hectares (ie,
66% of the total area of Japan). More than half of these trees were
planted from the early 1950s to the early 1970s, and according to
the Forestry Agency of Japan, an estimated 4.6 billion of these are
Japanese cedar trees, covering nearly 18% of the total land area of
Japan. The sugi trees are extremely straight and tall, making them
ideal construction materials, but after wood tariffs decreased in
1964, imported wood put the sugi foresters out of business, and
most sugi trees have been abandoned and grow taller and produce
more pollen each year. With the exception of Hokkaido and
Okinawa islands, this yellow-green dust is scattered throughout
Japan. Airborne JCP levels have been monitored in Sagamihara
hospital (Kanagawa, Japan) since 1965. JCP counts can vary
significantly from year to year because of weather conditions;
however, the total JCP counts from 1995 to 2013 have been
significantly greater than those in the initial period from 1965 to
1994 (P <.05; Fig 2, A).

Epidemiologic studies have demonstrated that global climate
change correlates with the number of symptomatic pollen-
induced respiratory allergies and allergic diseases.'”'" One of
the fundamental effects of climate change is the potential for
shifts in flowering phenology and pollen production associated
with warmer seasonal air temperatures. As such, the length of
the sugi-pollinosis season has increased since 1995.'% Although
the average global temperature has only increased by approxi-
mately 0.6°C in the 20th century, climate change in Japan has
been more severe, with temperatures increasing by an average
of 1.15°C in the past 100 years. Fig 2, B, shows the annual temper-
ature change since 1960 in Japan.

Cedar pollen is released from male flowers on sugi trees (Fig I,
C). Hot summers usually affect sugi trees, promoting flower bud
development and increasing pollen production; meanwhile, cool
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summers have opposite effects. Ito et al'® investigated the corre-
lation between total JCP count and the previous years’ summer
weather conditions from 1987 to 2006. The annual cumulative
level of airborne JCP was significantly related to the mean tem-
perature and sunlight hours in late July before the start of the pol-
len season (see Table El in this article’s Online Repository at
www.jacionline.org). The mean temperature in July during the
20th century has also significantly increased in Japan. Average
temperatures in the Fukui area from 1974 to 1993 and 1994 to
2012 were 25.1°C = 0.3°C and 26.2°C = 0.3°C, respectively
(P <.05; Fig 2, C). The weather of late winter and early spring
was not correlated with JCP counts; however, temperatures in
January and February did influence the start of sugi pollen pro-
duction and the pollen season (data not shown).

JCP counts were significantly associated with the prevalence of
sugi-pollinosis. The mean JCP count in the mountainous area of
Akita prefecture was 2 times higher than that in the coastal area of
Akita from 1996 to 2006 (see Table E2 in this article’s Online Re-
pository at www.jacionline.org). The prevalence of sugi-
pollinosis in children (age, 10-11 years) in 2006 was higher in
mountainous areas than in coastal areas, although the prevalence
of PAR was not different between the 2 areas (see Table E3 in this
article’s Online Repository at www.jacionline.org). The positive
rate of serum anti-JCP-specific IgE in the mountainous area
was also higher than in that in the coastal areas, but the positive
rate of anti-mite IgE did not increase in the mountainous area.'*

Asian dust (AD) and urban particulate matter (PM) are risk
factors for sugi-pollinosis. AD storms originating in the deserts of
Mongolia, northern China, and Kazakhstan are seasonal phe-
nomena that affect much of Eastern Asia, including Japan, and
occasionally spread around the globe, affecting the United States
as well.'” The number of spring dust storms has increased in the
last 13 years. The frequency of the storms combined with in-
creases in airborne pollution has led to an increase in the adverse
effects of the storms. AD contains pollutants, such as sulfur diox-
ide and nitrogen dioxide, which stimulate immune cells through
oxidative stress, enhancing inflammation-related cytokines.'®
AD enhanced nasal allergic reactions induced by repeated JCP
administration in guinea pigs.17 In fact, allergic symptoms have
increased during AD storm events in Japan and Taipei.'®!"
Administration of AD plus allergen induced allergen-specific
IgE production in mice,”" suggesting that AD can bind to JCP
and induce JCP sensitization in nonatopic or unsensitized atopic
subjects.

The main pollutant in Japanese cities is fine PM. Particulate
matter less than 2.5 pum in diameter (PM2.5) is frequently
reported in spring. PM2.5, a component of AD, induced asthma
and enhanced sneezing and rhinorrhea in a manner of type I
allergy.zl Beijing has also recorded its worst levels of air pollution
in recent years, and the onset and sensitization of sugi-pollinosis
could be easily induced by PM2.5 from China. Environmental au-
thorities in Japan, the United States, and other nations have adop-
ted strict regulations to control PM levels. A wave of criticism,
both at home and abroad, prompted Chinese officials to set their
own standards in February 2012; however, air quality in China
still remains an issue.

GENETIC FACTORS

Genome-wide association studies (GWASs) and meta-analyses
of GWASs have shown both common and distinct pathways that



634 YAMADA, SAITO, AND FUJIEDA

FIG 1. The blooming Japanese cedar tree. A, Yellow-green pollen is scat-
tered from male Japanese cedar flowers. B, JCP (magnification X400).
C, Male (right) and female (left) flowers of Japanese cedar.

might contribute to asthma and allergic diseases.”*** The first
GWAS of asthma identified a novel asthma susceptibility locus
on chromosome 17q21 including the ORMDL3 genes.** Five
polymorphisms in the ORMDL3 gene are significantly associated
with sugi-pollinosis.** Additionally, the matrix metalloproteinase
9 gene is involved in the pathogenesis of AR and asthma. The ma-
trix metalloproteinase 9 gene confers susceptibility to sugi-
pollinosis in children and might be associated with sensitization
processes.zf’ One of the polymorphisms in the gene for the IL-4
receptor a chain, the Ile50 allele, might be involved in both
sugi-pollinosis and atopic dermatitis.”” IL-33 (an IL-1-like cyto-
kine) is a ligand for IL-1RL1, an important effector molecule of
the Ty2 response. Serum levels of IL-33 are significantly higher
in patients with sugi-pollinosis than in their nonallergic counter-
parts. In a genetic association analysis we found a positive asso-
ciation between the polymorphism of IL-33 and sugi-pollinosis.*®

Complement systems are known to play an important role in
allergic diseases. Decay-accelerating factor, which is involved in
the regulation of the complement system, is one of the genes
involved in conferring susceptibility to AR and sugi-pollinosis.
Low levels of decay-accelerating factor might be associated with
the enhanced specific IgE response that occurs in patients with
allergic diseases in the Japanese population.”’

Microarray analysis showed that JCP exposure increased IL-17
receptor 3 RNA expression in patients with sugi-pollinosis.*”

ASSESSMENT OF SEVERITY

Nasal symptom scores are assessed with a grading system that
includes sneezing, rhinorrhea, and nasal congestion in Japan.
Symptom scores are graded from O to 4. Grading of sneezing,
rhinorrthea, and nasal congestion are evaluated based on the
frequency of sneezing (number per day), frequency of nasal
blowing (number per day), and duration of mouth breathing,
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respectively (Fig 3).>' Total nasal severity of sugi-pollinosis is
evaluated by using the grading scores of nasal obstruction and
sneezing/rhinorrhea as very severe, severe, moderate, and mild
symptoms. According to Fig 3, of 795 patients with sugi-
pollinosis, 22.6%, 29.4%, 31.3%, and 13.9% had very severe, se-
vere, moderate, and mild symptoms, respectively.32 Ninety-one
percent of patients with sugi-pollinosis are classified as having
moderate-to-severe AR.*

ENVIRONMENTAL EXPOSURE UNITS

There are 4 environmental exposure units in Chiba, Tokyo,
Wakayama, and Osaka City to investigate the effectiveness of
medicine or devices on sugi-pollinosis (Fig 4).%

ELIMINATION AND AVOIDANCE OF ANTIGENS

The most effective means of decreasing allergic inflammation
reactions is avoidance of the aeroallergen.! Although the com-
plete avoidance of pollen is impossible because of its ubiquitous
nature, patients with sugi-pollinosis often wear protective face-
masks between February and May (Fig 5); these masks have a sig-
nificant protective effect on nasal JCP invasion.** This has created
a large market for an array of related devices. Forecasting daily
JCP dispersal conditions can help patients decide which preven-
tion measures to take to protect them from pollen inhalation
(see Fig El in this article’s Online Repository at www.
jacionline.org). Using a service unique to Japan that has not
been adopted in other countries, the amount of airborne JCP is
automatically counted with equipment set up on the roofs of
1000 buildings and connected to the Internet (see Fig E2 in this
article’s Online Repository at www.jacionline.org). The informa-
tion is gathered from these sites and can be accessed for free using
the Internet service. Furthermore, the success of these automatic
pollen counters has led to their use to assess levels of other pol-
lens, such as Urticaceae, Poaceae, and Ambrosia species.35

Ventilation systems can be equipped with appropriate filters to
avoid drawing JCP into the house and car. Novel air-purification
systems using positively and negatively charged cluster ions have
been developed to create comfortable indoor living environments.
Treatment with positive and negative cluster ions significantly
decreased the in vitro and in vivo antigenicity of atomized JCP.*
Treatment with low-concentration hypochlorous acid generated
by means of electrolysis is also an effective method for signifi-
cantly reducing the immunogenicity of JCP.*’

PHARMACOTHERAPY

Therapy for sugi-pollinosis is chosen based on severity
(Fig 3) and disease type (Fig 6).>*® Because the severity of
pollinosis markedly changes with the amount of dispersed pol-
len, the severity of a patient’s symptoms is determined during a
medication evaluation at peak pollen dispersal times and also
takes into account the amount of dispersed pollen. Nasal anti-
histamine and mast cell stabilizers were not used for 1 decade
in Japan.

Because there are a large number of patients with severe or very
severe sugi-pollinosis, Japanese guidelines recommend the pro-
phylactic treatment of sugi-pollinosis before pollen release.” Pro-
phylactic treatment with oral antihistamines (olopatadine)
significantly suppressed nasal symptoms by 40% and was
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sampler (the standard gravity slide sampler) by counting the JCP particles dropped onto glass microscope

slides.

associated with a high level of QOL during the peak of the JCP
season in a randomized, double-blind, placebo-controlled
study.”

Prophylactic administration of antileukotriene (pranlukast) 1 to
2 weeks before or at the start of the JCP season significantly
reduced nasal symptoms by 50% at the peak of pollen dispersal
compared with placebo.*’ Additionally, antileukotrienes reduces
nasal congestion and allergic inflammation in patients with sugi-
pollinosis.

Intranasal corticosteroids are the most effective drugs for
controlling AR. In a double-blind, randomized, placebo-
controlled study with mometasone furoate nasal spray (MEFNS)
as a prophylactic treatment for sugi-pollinosis, no worsening
occurred in the MENS group, whereas the placebo group showed
a significant worsening of symptoms after the start of the
continuous dispersion.*’ The 12-week mean total nasal symptom
score in the prophylactically treated group was significantly lower
than that in the postonset-treated group (which reduced the symp-
toms by 61%).* Intranasal corticosteroids should be administered
prophylactically; with the addition of an oral antihistamine, they
might improve outcomes in patients with severe sugi-pollinosis.43
However, many Japanese persons prefer not to use intranasal

corticosteroids because of personal issues associated with using
nasal sprays, including their smell.

IMMUNOTHERAPY

Antigen-specific immunotherapy can change the natural course
of AR and is recognized as a curative treatment without impaired
performance. In the 1970s, subcutaneous immunotherapy for
sugi-pollinosis was performed at university hospitals and medical
clinics.** However, in the 1980s, the development of second-
generation antihistamines and intranasal corticosteroids gradu-
ally decreased the frequency of application of subcutaneous
immunotherapy. This decrease was also attributable to the fact
that JCP extracts were not standardized until 1999.

In 2004, a multicenter, double-blind, randomized, placebo-
controlled, parallel-group study of sublingual immunotherapy
(SLIT) demonstrated the safer and more beneficial effects of
immunotherapy for sugi-pollinosis than pharmacotherapy
alone.*>*° The mean of the daily total symptom scores was signif-
icantly lower in the SLIT group than in the placebo group. The
QOL score in the SLIT group was almost half that in the placebo
group.
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FIG 3. Classification of the total severity of nasal symptoms of AR. Grading
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frequency of sneezing or the frequency of nasal blowing per day and the
duration of mouth breathing. High grading scores are selected from
sneezing or rhinorrhea. Uncontrollable severe symptoms are classified as
very severe.

FIG 4. An environmental exposure unit.

Sera from 25 patients with sugi-pollinosis in a double-blind,
randomized, placebo-controlled study for SLIT were analyzed by
using 2-dimensional electrophoresis.”” Sixteen proteins were
found to be differentially expressed during the pollen season.
Among the differentially expressed proteins, serum levels of
apolipoprotein A-IV (apoA-IV) were significantly increased in
SLIT-treated patients but not in placebo-treated patients. Higher
levels of apoA-IV induction were correlated with lower clinical
symptom—medication scores and better QOL scores in the case
of SLIT-treated patients. The amount of histamine released
from basophils in vitro was significantly reduced after addition
of recombinant apoA-IV in the medium.*’ SLIT increased
IL-10 production by monocytes and T cells in patients with
sugi-pollinosis.** ApoA-IV and IL-10 might become clinical
markers for the evaluation of the effectiveness of SLIT for sugi-
pollinosis.

Uses of antigen-derived peptides that retain immunogenicity
(but are insufficient in length to cross-link IgE on mast cells or
basophils [immunotherapeutic peptides]) are a promising strategy

J ALLERGY CLIN IMMUNOL
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FIG 5. Persons on a train platform in a large Japanese city wearing
facemasks during the JCP season.

for improved immunotherapy, and this concept has been applied
to a variety of allergens. Cry-consensus peptide for sugi-
pollinosis contains 6 major human derived T-cell epitopes. In
an AR mouse model Cry-consensus peptide markedly
inhibited Cry j 1-induced sneezing, eosinophil infiltration, and
eosinophil peroxidase activity in nasal tissue.*” Human immuno-
dominant T-cell epitopes of the Cry j 1 molecule are being
studied for peptide-based immunotherapy in patients with sugi-
pollinosis.m

ANTIBODY THERAPY

Omalizumab, a recombinant, humanized, anti-IgE mAb, has
been shown to be effective for the treatment of SAR.!
A randomized, placebo-controlled, double-blind study was con-
ducted in Japanese patients with a history of moderate-to-severe
sugi-pollinosis. The primary and all secondary efficacy variable
scores were significantly lower in the omalizumab group than
in the placebo group.™ Retreatment with omalizumab is effective
and safe when readministered in the second JCP season.”

PROBIOTICS

Probiotics, including lactobacilli and bifidobacteria, might
prevent several allergic diseases. Japanese persons are very
interested in probiotics for the self-treatment of AR. A double-
blind, placebo-controlled trial with lyophilized powders of Bifi-
dobacterium longum BB536 for the treatment of sugi-pollinosis
during the height of the pollen season indicated that BB536
intake alleviated subjective symptoms, reduced prescription of
allergic medicines, and significantly suppressed the increase
of plasma thymus and activation-regulated chemokine during
the pollen season.”® In another study BB536 reduced nasal
symptoms from early allergic reactions in patients with sugi-
pollinosis exposed to JCP in an environmental exposure unit
outside of the normal JCP season.” Oral administration of
heat-killed Lactobacillus gasseri OLL2809 reduced nasal
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FIG 6. Algorithm for the treatment of sugi-pollinosis recommended by Japanese guidelines.2

symptoms and JCP-specific IgE levels.”® Additionally, oral

administration of Lactobacillus paracasei strain KW3110
decreased total symptom scores and serum eosinophil cationic
protein levels and improved QOL scores at the start of the
JCP production season.”’

In addition, dietary intervention with nondigestible prebiotics
might be effective for allergic diseases.”” Administration of B-1, 4
mannobiose decreased sneezing frequency, histamine release,
and IL-4 production in a sugi-pollinosis mouse model, suggesting
a potential molecular therapeutic supplement in clinical trials for
sugi-pollinosis.”**"

FLAVONOIDS AND TEA

An appropriate intake of flavonoids might constitute a dietary
preventative or therapeutic strategy for allergic diseases because
flavonoids, which are abundant in plant foods, possess antioxi-
dants and antiallergic activities. Analyses of structure-activity
relationships of 45 flavones, flavonols, and their related com-
pounds showed that luteolin, ayanin, apigenin, and fisetin were
the strongest inhibitors of IL.-4 production by basophils in mice
because of their inhibitory action on the activation of nuclear
factors in activated T cells and activator protein 1.°' Additionally,
prophylactic ingestion of enzymatically modified isoquercitrin
significantly decreased levels of ocular symptoms and medication
scores in patients with sugi-pollinosis in a double-blind, placebo-
controlled study.®

Self-care with Ten-Cha (Rubus suavissimus, sweet Chinese tea)
is the most common alternative complementary treatment for AR
in Japan. Ten-Cha extract inhibited histamine release from rat
peritoneal mast cells, as well as calcium ionophore-induced
vascular permeability. However, the effects of drinking Ten-Cha
beverages on sugi-pollinosis symptoms were considered low in
an unblinded study.®® Nevertheless, Ten-Cha has sold very well
during JCP seasons.

CONCLUSION

In Japan, 69.7% of the adult population has positive results for
one of 7 aeroallergen-specific IgEs (JCP, 2 types of mite, ragweed,
orchard grass, and Aspergillum and Candida species), and the
prevalence of patients with AR is 44.2%.” In response to the
increasing demand for AR relief, second-generation antihista-
mines have been approved for sale as over-the-counter medica-
tions. However, present therapies still do not offer sufficient
relief for patients with sugi-pollinosis. In addition, the Japanese
government has reduced the budget for AR research because
they consider more lethal diseases, such as cancer, to be a more
serious threat than sugi-pollinosis. Therefore cooperation be-
tween scientists and pharmaceutical companies will be needed
to find new treatments that better control AR and its symptoms.

We thank Professor K. Akiyama for providing data on JCP counts from
1965 to 2013 and Y. Ishikawa, M. Imamura, and H. Tsuchiya for counting JCP
in Fukui.
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Introduction

Summary

Indomethacin is a cyclo-oxygenase inhibitor, and shows therapeutic
potential for various eosinophilic skin diseases, particularly eosinophilic
pustular folliculitis. One of the unique characteristics of indomethacin is
that, unlike other non-steroidal anti-inflammatory drugs, it is a potent
agonist of chemoattractant receptor-homologous molecule expressed on T
helper type 2 cells (CRTH2), a receptor for prostaglandin D, (PGD,).
This study investigated the pharmacological actions of indomethacin on
eosinophil migration to clarify the actual mechanisms underlying the ther-
apeutic effects of indomethacin on eosinophilic pustular folliculitis. Eosin-
ophils exhibited chemokinetic and chemotactic responses to both PGD,
and indomethacin through CRTH2 receptors. Pre-treatment of eosinoph-
ils with indomethacin greatly inhibited eosinophil migration to PGD, and,
to a much lesser extent, to eotaxin (CCL11); these effects could be medi-
ated by homologous and heterologous desensitization of eosinophil
CRTH2 and CCR3, respectively, by agonistic effects of indomethacin on
CRTH2. Indomethacin also cancelled a priming effect of A2PG),, a
plasma metabolite of PGD,, on eosinophil chemotaxis to eotaxin. Indo-
methacin down-modulated cell surface expression of both CRTH2 and
CCR3. Hair follicle epithelium and epidermal keratinocytes around eosin-
ophilic pustules together with the eccrine apparatus of palmoplantar
lesions of eosinophilic pustular folliculitis were immunohistochemically
positive for lipocalin-type PGD synthase. Indomethacin may exert thera-
peutic effects against eosinophilic skin diseases in which PGD,-CRTH2
signals play major roles by reducing eosinophil responses to PGD,.
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infiltrate around and into hair follicles. Uncommonly,
EPF also affects the palms and soles, which lack the hair

Eosinophilic pustular folliculitis (EPF) is an eosinophilic
inflammatory skin disease characterized by pruritic follic-
ular papulopustules that tend to form in an annular con-
figuration on the face, and occasionally on the trunk and
extremities. Histopathologically, a number of eosinophils

follicle apparatus." Our recent study demonstrated that,
in palmoplantar lesions of EPF, intra-epidermal eccrine
ducts may be the sites that are predominantly affected.?
Occasionally EPF is resistant to topical or systemic corti-
costeroids, but, importantly, shows a consistently good
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