topical corticosteroids and tacrolimus, may have
influenced these results. Further studies are required
to confirm the emollient therapy for the pruritus.
We expect that the results of our questionnaire
analysis will be useful to some extent for improving
the ability of dermatologists to determine the appro-
priate role of emollients in the treatment regimen
for AD.
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ABSTRACT

The Skindex-16 questionnaire was recently developed as a measure of dermatological health-related quality of life
(HRQol), including symptoms, emotions and functional aspects. Bepotastine besilate is a selective histamine H{-receptor
antagonist and a second-generation non-sedating antihistamine to treat various dermatological disorders. We assessed
changes of the HRQoL instrument (Skindex-16) on patients with pruritus, including those with atopic dermatitis (AD) over
bepotastine treatment period. The patients’ personal assessment of the intensity of pruritus was determined using the
Visual Analog Scale (VAS) for pruritus. Patients answered the Skindex-16 at baseline and at week 4. Forty-eight of 51
enrolled dermatological patients completed the Skindex-16. Of the 48 patients, 11 had AD and 37 had other conditions.
Improvement in the clinical evaluation and VAS score was significant in all patients, the AD group and the other disorders
group between baseline and week 4. Skindex-16 showed significantly lower scores for each of the three scales (symp-
toms, emotions and functioning) and the global score at baseline compared to that at week 4 in all patients and the other
disorders. In contrast, there was a significant reduction in the emotions and global score among the AD patients. We
found a significant correlation between falls in emotions score of Skindex-16 and falls in VAS scores for pruritus in the AD
group. Bepotastine could be effective in the management of patients’ HRQoL and useful in patients suffering with pruri-
tus. We suggested that pruritus of AD patients could exert a stronger emotional effect due to the skin condition compared
to the symptomatic or functional effects.

Key words: atopic dermatitis, bepotastine besilate, emotions, health-related quality of life, pruritus, Skindex-16.

INTRODUCTION

studied and refined. Initially, the Skindex was comprised of 61
questions but was then modified to 29 questions. Later, a briefer

ltching arises from a variety of skin conditions.”? Particularly, itching
is the predominant feature of atopic dermatitis (AD) and it is an
essential diagnostic feature of the disease.®>* Learning more about
how itching affects people may help us develop better treatment
strategies for dermatological patients with pruritus. Histamine
H+-receptor antagonists (antihistamines) are used to treat various
dermatological disorders including urticaria, eczema and AD.°
Bepotastine besilate is a selective histamine Hy-receptor antagonist
and a second-generation, non-sedating antihistamine that has
recently been used for the treatment of allergic disorders in Japan.®
Health-related quality of life (HRQol) has emerged as an impor-
tant outcome of clinical investigation and patient care in dermatol-
ogy.” The Skindex has been recently developed as a specific
measure of HRQoL in dermatology patients, quantifying the effects
of skin disease on patients’ HRQoL, which has been extensively

version consisting of 16 questions was introduced, which is known
as Skindex-16.2"° The Skindex-16 is a self-administered question-
naire covering symptoms, emotions and functional aspects of
dermatological conditions. Four questions (nos. 1-4) are related to
symptoms, seven questions (nos. 5~11) are related to emotions, five
questions (nos. 12-16) are related to functioning, and all 16 ques-
tions are related to global score. We assessed changes of the
HRQoL instrument (Skindex-16) on patients with pruritus, including
those with AD, over a bepotastine treatment period.

METHODS

Patients
Fifty-one Japanese patients suffering from pruritus and above
the age of 20 years seen at the Department of Dermatology,
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St Marianna University School of Medicine between 2008 and
2010 were eligible for the study. Exclusion criteria were spe-
cific pruritus treatments that patients were currently taking or
had received in the last 3 months. These treatments included
phototherapy, antihistamines, corticosteroids, immunosuppressive
drugs, or any other experimental or investigational drug. Patients
gave written informed consent prior to the start of the study. Der-
matological disorders were diagnosed by experienced dermatolo-
gists based on the Japanese Dermatological Association criteria.
The diagnosis of AD was defined by the Hanifin and Rajka' diag-
nostic criteria.

Forty-eight of the 51 enrolled patients with pruritus completed
the Skindex-16 questionnaire and the results of bepotastine treat-
ment were followed over the course of 4 weeks. Of the 48 patients
(26 men, 22 women; aged 55.6 + 21.9 years), 11 (23%) had AD
(six men, five women; aged 27.1 + 10.8 years) and 37 (77%) had
other conditions (20 men, 17 women; age 64.1 + 16.4 years). In
the other disorder group, 10 patients were diagnosed with cutane-
ous pruritus of unknown origin, eight with urticaria, seven with pru-
rigo chronica and seven with chronic eczema. The mean duration
of their disorder was 46.9 + 78.3 months for all 48 patients,
135.6 + 118.9 months for the AD group and 19.2 + 25.8 months
for the other disorder group. The ages and duration of disorder dif-
fered significantly between the AD group and the other disorders
group.

Methods

All 51 patients with associated pruritus who enrolled in the study
were treated with an oral non-sedating H; antihistamine, bepotas-
tine besilate 10 mg, twice daily (morning, evening) for 4 weeks. The
patients continued using any topical corticosteroid and/or emollient
they were currently using during the 4 weeks. Clinical evaluation for
pruritus was graded as “none”, “mild”, “moderate”, “‘severe” or
“very severe” according to same dermatologists who examined the
patients with pruritus at baseline and at week 4. All adverse events
were recorded throughout the study from the time of patient con-
sent to the final visit. The patients similarly reported on the intensity
of pruritus at baseline and week 4 using the Visual Analog Scale
(VAS) for pruritus.®'® Patients graded their pruritus using a 10-cm
VAS, with “none” on the left side of the scale and “severe” on the
right. All patients answered the Skindex-16 questionnaire at base-
line and at week 4. HRQoL was assessed using the Skindex-16
questionnaire, which consists of 16 items within three scales: symp-
toms, emotions and functioning. Patients answered each question
using a 7-point scale from 0-6 (0= “never bothered” and
6 = “constantly bothered”). The mean score was determined for
each scale. The global score was calculated by averaging the mean
scores for each item. Further details of scoring are provided in pre-
vious publications.’® The questionnaire was distributed to each
patient, and they submitted them to the clerks in our clinic on the
same day.

Statistical analysis

The level of significance was set at P < 0.05 in all cases. Mann-
Whitney U-test was performed to define the patient’s background
between two patient groups, the AD group and the group with other
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disorders. Clinical evaluations for pruritus assessed by dermatolo-
gists at baseline and week 4 were analyzed by Wilcoxon rank sum
tests. The statistics were analyzed by paired Student’s t-test to
compare VAS scores for pruritus and Skindex-16 scores among all
patients, the AD group and the other disease group. Spearman’s
rank correlation coefficients were used to compare the difference
between the Skindex-16 scores and VAS scores for pruritus. All
data are expressed as the mean + standard deviation.

This study was based on the ethical principles of Good Clinical
Practice and was approved by the St Marianna University School of
Medicine Institutional Review Board for Human Subjects Research
(no. 1427).

RESULTS

Clinical evaluation and VAS scores for pruritus

Clinical evaluation for pruritus assessed by dermatologists over
bepotastine treatment period improved significantly in all 48
patients, the AD group and the other disease group (Fig. 1). There
were no reported adverse affects during bepotastine treatment. VAS
scores (27.3 + 26.0) for pruritus assessed by each patient at week 4
were significant lower than the baseline score (60.7 + 20.1) in all 48
patients with pruritus. VAS scores (34.5 + 25.5) for pruritus at week
4 were significantly lower than the baseline score (60.5 + 17.1) in the
AD group. VAS scores (25.1 + 26.1) for pruritus at week 4 were
significantly lower than the baseline score (60.7 + 21.1) in the other
disease group. There was no significant difference in VAS scores for
pruritus between the AD group and the other disorder group.

Changes in Skindex-16 scores

All 48 patients who completed the Skindex-16 questionnaire
showed significantly lower scores for each of the three scales
(symptoms, emotions and functioning) and the global score at base-
line compared to that at week 4 (Fig. 2). This indicates an improve-
ment in HRQoL among the pruritus patients who underwent

30 . No
[ wild
25r . Moderate
20 . Severe
” . Very severe
1=
3 15}
©
o
10
5¢ .
0 - -
Baseline Week 4 Baseline Week 4 Baseline  Week 4
—
All patients Atopic dermatitis Other disorder
(n=48) (n=11) (n=37)

Figure 1. Clinical evaluation of pruritus assessed by dermatologists
over bepotastine treatment period was significant in all patients, the
atopic dermatitis group and the other disease group using Wilcoxon
rank sum tests. **P < 0.001, *P < 0.05.

© 2011 Japanese Dermatological Association

— 180 —



(a) 100

Skindex-16
Symptoms Score
3

Atopic dermatitis Other disorder

All patients

(©) 100
90
8ot

70
60
50
40
30
20
10

Skindex-16
Functioning Score

All patients  Atopic dermatitis Other disorder

Health-related quality of life in pruritus

(b) 100
90
80
70
60
50
40
30

Skindex-16
Emotions Score

All patients

Atopic dermatitis Other disorder

(d) 1001

Skindex-16
Global Score
w\

(=}

All patients  Atopic dermatitis Other disorder

Figure 2. Skindex-16 questionnaire in symptoms score (a), emotions score (b), functioning score (c) and global score (d) at baseline and week 4
among all patients, the atopic dermatitis (AD) group and the other disorder group. **P < 0.001, P < 0.01, *P < 0.05.
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Figure 3. We found significant correlation between falls in emotions
score of Skindex-16 and falls in Visual Analog Scale (VAS) score for
pruritus among the atopic dermatitis group who underwent bepotas-
tine treatment using Spearman’s rank correlation coefficients.

bepotastine treatment. This same trend was seen among the other
disorder group, where there was a significant reduction in four Skin-
dex-16 scores between baseline and week 4 (Fig. 2). In contrast,
the symptoms and functioning scores in the AD group did not
decrease significantly between baseline and week 4 (Fig. 2a,c).
However, there was a significant reduction in the emotions and glo-
bal score among the AD patients (Fig. 2b,d). Furthermore, we found

© 2011 Japanese Dermatological Association

a significant correlation between falls in emotions score of Skindex-
16 and falls in VAS scores for pruritus in the AD group (Fig. 3).

DISCUSSION

In the present study, the pruritus of our patients who received bepo-
tastine to treat their itching improved from both the dermatologists’
and patients’ point of view. Skin disease-specific, the Skindex-16
HRQoL instrument is valuable for assessing patients’ outcomes,
especially their response to therapy. These improvements were
noted against the three scales (symptoms, emotions and function-
ing) of the Skindex-16 questionnaire, in addition to global scores of
the Skindex-16 questionnaire over the treatment period. We sug-
gest that bepotastine could be effective in the management of
patients’ HRQoL and useful in patients suffering with pruritus.

Both clinical evaluation for pruritus by dermatologists and VAS
scores for pruritus by patients significantly improved in the AD
group after 4-week administration of bepotastine. Some investi-
gated whether the Skindex-16 could measure disease severity and
clinical change in the estimation of the effects of AD on patients’
HRQoL."'® The Skindex-16 questionnaire showed significantly
lower scores for both emotions score and global score at baseline
compared to that at week 4 in the AD group. We found that falls in
the emotions score significantly correlated with falls in VAS scores
for pruritus. Based on these data, we suggest that pruritus of AD
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patients could exert a stronger emotional effect due to the skin con-
dition compared to the symptomatic or functional effects, as indi-
cated by the high scores on the emotional component of the
Skindex-16 in pruritus patients with AD. Therefore, emotional
impact could be an important measure of HRQoL in AD patients.
Due to scratching, the primary skin disease may be confounded by
secondary scratch lesions. This may occur in excoriated forms of
AD. Acute phases in AD are primarily characterized by extreme pru-
ritus, which in turn leads to excoriation. Excoriation further exacer-
bates the underlying inflammation, setting up an itch-scratch cycle,
resulting in chronic lesions.'® Bepotastine has favorable antihista-
mine properties leading to allergic inflammation beyond those
directly involving the histamine Hq-receptor.'” it is important for
dermatologists to effectively treat the underlying causes of emo-
tion associated with pruritus in AD patients. We expect that the
results of our guestionnaire analysis may provide some basis
for dermatologists to effectively assess HRQoL in the treatment
regimen for AD.
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@ Abstract

Background: Interleukin (IL) 33, a novel member of the IL-1 family, is produced mainly by epithelial cells and endothelial cells in response
to various types of stress, including necrosis. The effects of IL-33 on the immune cells involved in allergic contact dermatitis have recently
been revealed in vitro. However, in vivo, the induction mechanism and function of IL-33 are not fully understood.

Objectives: Our objectives were to investigate induction of [L-33 in keratinocytes and to evaluate the functions of IL-33 and its inducers in
a murine model of allergic contact dermatitis.

Material and Methods: KERTr cells, a human keratinocyte cell line, were cultured with various cytokines, including tumor necrosis factor
(TNF) o and interferon (IFN) y. IL-33 expression was detected using quantitative reverse transcriptase polymerase chain reaction,
immunocytochemistry, and Western blotting. The functions of IL-33, TNF-, and IFN-y in allergic contact dermatitis were evaluated using
a murine model.

Results: TNF-cx and IFN-y induced expression of IL.-33 mRNA and protein in KERTr cells. Blockade of IL-33 attenuated swelling in the ears
of the experimental mice. Similar effects were noted for blockade of TNF-at and IFN-y in these mice.

Conclusions: TNF-o. and IFN-y induce expression of IL-33, and IL-33 produced by keratinocytes contributes to allergic contact dermatitis.
Blockade of IL-33, TNF-, and IFN-y could represent novel and potent strategies to treat allergic contact dermatitis.

Key words: Interleukin 33. Keratinocyte. Tumor necrosis factor o. Interferon vy. Allergic contact dermatitis.

[} Resumen

Antecedentes: La Interleucina 33 (IL-33), un nuevo miembro de la familia de la IL-1, es producida fundamentalmente por las células
epiteliales y endoteliales en respuesta a diferentes estimulos, incluyendo la necrosis.

Recientemente se han confirmado los efectos de esta IL sobre las células del sistema inmunoldgico in vitro en pacientes con dermatitis
de contacto, aunque los mecanismo y funcién in vivo de la 1L-33 no son bien conocidos.

Objetivos: El objetivo de este estudio fue analizar los factores que podrian inducir IL-33 en queratinocitos y evaluar las funciones de esta
citocina y de sus inductores en un modelo murino de dermatitis alérgica de contacto.

Meétodos: Para ello se cultivaron células KERTy, una linea celular de queratinocitos humanos, en presencia de varias citocinas, incluyendo
TNF-a e IFN ~y. La expresion de IL-13 se detectd mediante PCR cuantitava a tiempo real, inmunocitoquimica e inmunobloting. Asf mismo
se evalud la funcion de IL-33, TNF-o, e IFN-y en el modelo murino.

Resultados: En cuanto a los resultados obtenidos TNF-a y IFN-y indujeron la expresion de mRNA y expresion de proteina en las células KERT:,
El bloqueo de IL-33 atentia la inflacion en la dermatitis de contacto murina.

Efectos similares se obtienen mediante el bloqueo de TNF-ou y IFN-y.

Conclusiones: En conclusion, TNF-a. and IFN-y son inductores de la produccion de 1L-33, y ademds esta citocina producida por los
queratinocitos contribuye a la expresién de dermatitis alérgica de contacto. El bloqueo de no solo IL-33, sino también de TNF-o y [FN-y
podria representar una modalidad terapéutica nueva y potente en la dermatitis alérgica de contacto.

Palabras clave: Interleucina-33. Queratinocito. Factor de necrosis tumoral o Interferdn y.
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Introduction

Interleukin (IL) 33 is a cytokine of the IL-1 family
IL-1F11. It acts as a specific extracellular ligand for the
orphan IL-1 receptor—related protein ST2 [1]. Epithelial cells
and endothelial cells were reported to be the main cellular
sources of IL-33 [1-3]. IL-33 is released by cells undergoing
necrosis and, in this respect, is thought to function as a
damage-associated molecular pattern and alarmin [3,4]. ST2,
the receptor for IL-33, is expressed on various immune cells,
including type 2 helper T cells (Ty2) [5], CD8* T cells [6],
mast cells [7], eosinophils [8], basophils [9], natural killer
(NK) cells, NKT cells [10], and dendritic cells [11]. IL-33
induces production of Ty2 cytokines (including IL-5 and
IL-13) from Ty2 cells, eosinophils, basophils, NK cells, and
NKT cells [12]. Dendritic cells stimulated by IL-33 promote
differentiation of Ty2 cells [13]. Natural helper cells [14] and
nuocytes [15] have recently attracted attention because they
produce abundant Ty2 cytokines when stimulated by IL-33.
Therefore, IL-33 is closely involved in Ty2 immune responses.
In fact, IL-33 is associated with a range of allergic diseases,
including bronchial asthma [16], allergic rhinitis [17], allergic
conjunctivitis [18], anaphylaxis [19], atopic dermatitis [20],
and allergic contact dermatitis [21].

Allergic contact dermatitis is a clinical form of contact
hypersensitivity. It involves a delayed-type hypersensitivity
reaction and is the manifestation of an allergic response
caused by contact with allergens [22]. Contact allergens
are essentially soluble haptens with physical and chemical
properties that allow them to cross the stratum corneum of
the skin [22]. The mechanisms by which these reactions occur
are complex. Allergic contact dermatitis involves a cellular
immune response mediated by IL-4— and IL-13—producing
Tu2 cells and by interferon (IFN)-y—producing Tyl cells
[23]. Tumor necrosis factor (TNF) a, which is produced
mainly by monocytes and macrophages, is also involved in
the pathogenesis of allergic contact dermatitis [22]. Thus,
Tyl and Ty2 immune responses coexist in allergic contact
dermatitis [22,23].

IL-33 plays a key role in the pathogenesis of allergic
contact dermatitis by promoting Ty2 immune responses
[21]. However, the induction mechanism and function
of IL-33 in allergic contact dermatitis are not fully
understood. In the present study, we investigated induction
of IL-33 in keratinocytes and evaluated the functions
of IL-33 and its inducers in a murine model of allergic
contact dermatitis.

Material and Methods

Cell Culture

KERTT cells, which are a human keratinocyte cell line,
were purchased from the American Type Culture Collection
(ATCC). The cells were cultured in keratinocyte serum-free
medium supplemented with 0.05 mg/mL of bovine pituitary
extract and 35 ng/mL of human recombinant epidermal growth
factor (all from Invitrogen).

© 2013 Esmon Publicidad

Quantitative Reverse Transcriptase Polymerase
Chain Reaction

KERTr cells were seeded at 3x10° cells/well on 6-well
plates (Thermo Fisher Scientific) and incubated overnight. The
cells were then incubated with recombinant TNF-a, IFN-y,
IL-6, granulocyte/macrophage colony-stimulating factor
(GM-CSF), IL-1a, IL-18, IL-4, IL-13, IL-17A (PeproTech),
and polyinosinic-polycytidylic acid potassium salt (poly I:C)
(Sigma-Aldrich). RNA was isolated from the KERTT cells using
TRIzol (Invitrogen) and reverse-transcribed with ReverTra
Ace (Toyobo) and deoxynucleotide triphosphate (Promega)
according to the manufacturer’s protocol. Quantitative reverse
transcriptase polymerase chain reaction (QRT-PCR) was
performed using THUNDERBIRD SYBR gPCR Mix (Toyobo)
and an Applied Biosystems StepOnePlus Real-Time PCR
System (Life Technologies Japan). Oligonucleotide primers
were designed using Primer BLAST software (National Center
for Bioinformatics).

Western Blotting

KERTT cells were incubated with 200 ng/ml. recombinant
TNF-o or 20 ng/ml. recombinant I[FN-y for various periods. The
cells were then lysed using radioimmunoprecipitation assay
buffer. Western blotting was carried out with a goat polyclonal
anti~IL-33 primary antibody (R&D Systems), followed by
a horseradish peroxidase (HRP)-conjugated rabbit antigoat
IgG secondary antibody (Santa Cruz Biotechnology). As an
internal control, Western blotting was carried out with a mouse
monoclonal antiglyceraldehyde 3-phosphate dehydrogenase
(GAPDH) primary antibody (Santa Cruz Biotechnology),
followed by an HRP-conjugated goat antimouse IgG secondary
antibody (Santa Cruz Biotechnology). The membranes were
developed with an ECL Plus Western Blotting Detection
System (GE Healthcare).

Immunocytochemistry

KERTT cells were seeded at 1x10* cells/well on 8-well
Lab-Tek Chamber Slides (Thermo Fisher Scientific) and
incubated overnight. One set of cells was then incubated
with and without 200 ng/mL recombinant TNF-a for 6 hours,
while another set of cells was incubated with and without
20 ng/ml recombinant IFN-y for 12 hours. All the cultured
cells were fixed and stained with a mouse monoclonal anti—
IL-33 primary antibody (Enzo Life Sciences), followed by an
Alexa Fluor 488-conjugated goat antimouse IgG secondary
antibody (Invitrogen). Nuclei were stained with 4',6-diamidino-
2-phenylindole dihydrochloride (Dojindo). An IgG1 isotype
contro] antibody (Enzo Life Sciences) was also evaluated.

Sensitization and Induction of Allergic Contact
Dermatitis

Animal experiments were undertaken following the
guidelines for the care and use of experimental animals of the
Japanese Association for Laboratory Animal Science (1987).
Six-week-old female C57BL/6 mice were purchased from
Kyudo. The protocol for preparing the murine model of allergic
contact dermatitis was reported previously [24]. Briefly, mice
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were painted with 100 uL of 5% 4-ethoxymethylene-2-phenyl-
2-oxazolin-5-one (0xa) in ethanol on their shaved abdomen on
day 0. oxa challenges were performed on days 5,7, 9, 11, and
13 after sensitization. The right ears of the mice were painted
with 0.1% oxa in ethanol, while the left ears were painted
with ethanol alone. An antimouse IL.-33 antibody (functional
grade purified; Medical & Biological Laboratory), antimouse
TNF-a antibody (functional grade purified; eBiosciences),
or antimouse IFN-y antibody (functional grade purified;
eBiosciences) was subcutaneously injected into the ears on
day 9. An IgG1 isotype control antibody (Abcam) was also
evaluated. The mice were categorized as follows: group 1,
not sensitized, oxa-challenged, no antibody injected; group 2,
oxa-sensitized, oxa-challenged, no antibody injected; group 3,
oxa-sensitized, oxa-challenged, isotype control IgG1 injected;
group 4, oxa-sensitized, oxa-challenged, anti—IL-33 antibody
injected; group 5, oxa-sensitized, oxa-challenged, anti-TNF-o.
antibody injected; group 6, oxa-sensitized, oxa-challenged,
anti-IFN-y antibody injected.

Measurement of Serum IgE

Mice were euthanized by intraperitoneal injection of
Isozol (Nichiiko) on day 15 after sensitization. Blood samples
were drawn by cardiocentesis and centrifuged, and the serum
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samples were collected. The serum IgE concentrations were
measured with a Mouse IgE ELISA Kit (Shibayagi) according
to the manufacturer’s protocol.

Measurement of Ear Thickness

Ear thickness was measured using a Peacock dial thickness
gauge G-1A (Ozaki). Ear swelling was calculated as follows:
[thickness of ears after oxa applications — thickness of ears
before oxa applications] — [thickness of ears after vehicle
applications — thickness of ears before vehicle applications].

Histology and Immunohistochemistry

Ear tissue was fixed and immunostained. Expression of
IL-33 protein was investigated by means of cross-sections
stained with a mouse monoclonal anti-IL-33 antibody
[Nessy-1] (Biotin) (Abcam) and evaluated using a Histofine
SAB-PO (M) Kit and a Histofine DAB Substrate Kit (Nichirei,
Tokyo, Japan) according to the manufacturer’s protocols.
Nuclei were stained with hematoxylin.

Statistical Analysis

Statistical analyses were performed using Prism 5.0
(GraphPad Software). Data are presented as mean (SD). The
significance of differences between values was assessed using
an unpaired ¢ test. P values of <.05 were considered statistically
significant.

Results

TNF-o. and IFN-y Induce Expression
of IL-33 mRNA in KERTr Cells

In order to investigate which cytokines
could induce expression of IL-33 mRNA,
we stimulated KERTT cells using various
cytokines associated with allergic contact
dermatitis. qRT-PCR revealed that TNF-a
and IFN-y were able to induce expression
of IL-33 mRNA (Figure 1). The expression
of IL-33 mRNA induced by TNF-a. peaked
at 200 ng/mL (Figure 1A). In the kinetics
analysis, expression of IL-33 mRNA
induced by TNF-a peaked at 3 hours after
stimulation (Figure 1B); expression of IL-
33 mRNA induced by IFN-y peaked at 20
ng/mL (Figure 1C). In the kinetics analysis,
expression of IL-33 mRNA induced by

6 12 24

6 12 24
Time, h

Figure 1. TNF-a and IFN—y induce expression of IL.-33 mRNA. A, KERTr cells were incubated with
TNF-ct at the indicated concentrations for 3 hours and then evaluated by gRT-PCR (n=4-5 wells).
B, KERTr cells were incubated with 200 ng/mL TNF-q. for the indicated times and then evaluated by
qRT-PCR (n=3-8 wells). C, KERTr cells were incubated with IFN-y at the indicated concentrations for
6 hours and then evaluated by qRT-PCR (n=4-5 wells). D, KERTr cells were incubated with 20 ng/mL IFN-y
for the indicated times and then evaluated by qRT-PCR (n=4-5 wells). Data are shown as mean (SD).
*P<.05and **P<.01 vs 0 ng/mL; *P<.05 and +P<.01 vs 0 hours. TNF indicates tumor necrosis factor;
IFN, interferon; IL, interleukin; gRT-PCR, quantitative reverse transcriptase polymerase chain reaction.

IFN-y peaked at 6 hours after stimulation
(Figure 1D). These findings showed that
TNF-o and IFN-y induced 1L-33 mRNA
expression in KERTr cells. Other cytokines,
including IL-6, GM-CSF, IL-1a, IL-1f,
1L-4, TL-13, and IL-17, and poly (I:C), a
mimetic of double-stranded RNA, did not
induce IL-33 mRNA expression (data not
shown).
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Figure 2. TNF-a and IFN-y induce expression of IL-33 protein. A, KERTr
cells were incubated with 200 ng/mL TNF-a or phosphate-buffered saline
(PBS) for 6 hours. B, KERTr cells were incubated with 20 ng/mL IFN-y or
PBS for 12 hours. Scale bars, 10 pm. C, KERTr cells were incubated with
200 ng/mL TNF-c or 20 ng/mL IFN-y for the indicated times. TNF indicates
tumor necrosis factor; IFN, interferon; IL, interleukin; DAPI, 4’,6-diamidino-
2-phenylindole dihydrochloride; GAPDH, glyceraldehyde 3-phosphate
dehydrogenase.

TNF-o. and IFN-y Induce Expression of IL-33 Protein
in KERTr Cells

We performed immunocytochemistry and Western blotting
analysis to investigate whether TNF-o and IFN-y could induce
IL-33 protein expression. In KERTr cells incubated without
these cytokines, IL-33 protein was located in the nucleus
(Figure 2A and B). In KERTr cells incubated with TNF-a,
expression of IL-33 protein was increased, and its location
shifted from the nucleus to the cytoplasm (Figure 2A).
Similarly, in KERTTr cells incubated with IFN-y, expression
of IL-33 protein was increased, and the protein showed
the same translocation pattern as that of stimulation with
TNF-a (Figure 2B). These findings suggested that I1.-33
was constitutively expressed in the nucleus and shifted to the
cytoplasm when its expression was upregulated.

We further examined expression of IL-33 protein using
Western blotting. In KERTT cells incubated with TNF-a.,

© 2013 Esmon Publicidad

upregulation of IL-33 protein began 3 hours after stimulation,
peaked at 6 hours, and then gradually disappeared (Figure 2C). In
KERTr cells incubated with IFN-y, upregulation of the IL-33
protein began at 6 hours after stimulation and then gradually
disappeared (Figure 2C). We investigated whether IL-33
was secreted into the culture supernatants. However, we did
not detect any IL-33 in the supernatants by enzyme-linked
immunosorbent assay (ELISA) (data not shown).

Preparation of the Murine Model of Allergic
Contact Dermatitis

We used a murine model to evaluate the functions of IL-33,
TNF-a, and IFN-y in allergic contact dermatitis. We confirmed
that sensitization was successful by measuring serum IgE
concentrations using ELISA. The serum IgE levels obtained
from oxa-sensitized mice (groups 2 to 6) were significantly
higher than those obtained from nonsensitized mice (group 1)
(Figure 3), suggesting that the model was successful. Ear
swelling in group 2 mice was significantly greater than in
group 1 mice (Figure 4). Immunohistochemistry revealed that
expression of IL-33 protein was upregulated in group 2 mice
compared with group 1 mice (Figure 5).

Blockade of IL-33 Attenuates Ear Swelling

In order to evaluate the function of IL-33, we administered
anti-IL-33 antibody to the mice in our model. Ear swelling
was increased in group 3 mice (isotype control IgG1l—
injected), as well as in group 2 mice. However, in the anti—
IL-33 antibody—injected mice (group 4), ear swelling was
not increased and was significantly milder than in group
3 mice (Figure 4). Immunohistochemistry showed that
expression of IL-33 protein in keratinocytes was upregulated

* %k

Serum IgE Level, pg/mL

0
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Figure 3. Serum IgE levels are increased. Serum samples were obtained
from sensitized mice or nonsensitized mice as a negative control on day
15 after sensitization. The serum IgE levels were measured by enzyme-
linked immunosorbent assay (n=4). The categorization of groups 1 to 6
is described in Material and Methods. Data are expressed as mean (SD).
*P<.05 and **P<.01 versus group 1 (nonsensitized mice). Ig indicates
immunoglobulin.
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in group 3 mice compared with mice from
group 1, as well as group 2 (Figure 5).
Furthermore, expression of IL-33 protein
in keratinocytes was not upregulated in
group 4 mice (Figure 5). These findings
demonstrated that blockade of IL-33
attenuated ear swelling. Incidentally, the
serum IgE level in group 4 mice showed
no significant differences compared with
group 3 mice (Figure 3), suggesting that
blockade of IL-33 could not attenuate oxa
sensitization.

Ear Swelling, mm

Blockade of TNF-o. and IFN-y
Attenuates Ear Swelling

We administered an anti-TNF-a
antibody or anti—]FN-y antibody to the
mice in our model in order to evaluate
the functions of TNF-a and IFN-y. In
the anti-TNF-a antibody-injected mice
(group 5), ear swelling was not increased
and was significantly milder than in group
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3 mice (Figure 4). In the anti-IFN-y
antibody—injected mice (group 6), ear
swelling was not increased and was
significantly milder than in group 3
mice (Figure 4). Immunohistochemistry
showed that expression of IL-33 protein

Figure 4. Ear swelling is increased and suppressed by blockade of IL-33, TNF-ct, and IFN-y. The
categorization of groups 1-6 is described in Material and Methods. Ear thickness was measured on
days5,7,9, 11, 13, and 15 after sensitization (n=8-9). Data are expressed as mean (SD). *P<.05
and **P<.01 vs group 1 (nonsensitized mice); *P<.05 and **P<.01 vs group 3 (oxa-sensitized,
isotype control IgG1-injected mice). TNF indicates tumor necrosis factor; IFN, interferon; IL,
interleukin; oxa, 4-ethoxymethylene-2-phenyl-2-oxazolin-5-one.

in keratinocytes in group 5 and group 6

mice was downregulated to the level of group 4
mice (Figure 5). These findings demonstrated
that blockade of TNF-a and IFN-y attenuated
ear swelling in our model. This attenuation
could be mediated by downregulation of IL-33
expression. Incidentally, the serum IgE levels
obtained from group 5 and group 6 mice showed
no significant differences compared with group 3
mice (Figure 3), suggesting that blockade of
TNF-a and IFN-y was unable to attenuate oxa
sensitization.

Discussion

The contribution of IL-33 to allergic
diseases has been widely reported [16-21].
Although the effects of IL-33 on the immune
cells that appear in allergic diseases are well
known [5-11], the induction mechanism of
IL-33 is not fully understood. Very recently,
TNF-a and IFN-y were shown to induce IL-
33 expression in normal human epidermal
keratinocytes in vitro [25]. Our data support
this finding. Consequently, IL.-33 plays arole in
inflammatory skin diseases involving high levels
of TNF-o. and IFN-y. In the present study, IL-
33 was constitutively expressed in the nucleus
of KERTr cells, where it was upregulated by

J Investig Allergol Clin Immunol 2013; Vol. 23(6): 428-434

Group 1 Group 2

Group 3

Figure 5. IL-33 expression is increased and downregulated by blockade of IL-33, TNF-q,
and IFN-y. The categorization of groups 1-6 is described in Material and Methods. The
expression levels of IL-33 protein in ear tissue on day 15 after sensitization were evaluated
by immunchistochemistry with an anti-IL-33 antibody and DAB, followed by nuclear staining
with hematoxylin (n=8-9). Scale bars, 10 um. IL indicates interleukin; TNF, tumor necrosis
factor; IFN, interferon; IL, interleukin; oxa, 4-ethoxymethylene-2-phenyl-2-oxazolin-5-one.

TNF-a and IFN-y before entering the cytoplasm. IL-33 is also
a secreted protein, and this shift may be part of the process of
secretion. However, IL-33 protein was not detected in the cell
culture supernatants. Failure to detect secreted endogenous
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IL-33 in different types of healthy cells has been reported in
various studies [25-27]; secreted IL-33 was only detected once
the cells had begun to undergo necrosis.

Our findings provide a mechanism that could explain
upregulation of IL-33 in keratinocytes in allergic contact
dermatitis. Immune responses can be roughly classified as
type 1 and type 2. IFN-y, which is mainly produced by Tyl
cells, and TNF-q, which is mainly produced by monocytes
and macrophages, play an active part in type 1 immune
responses. On the other hand, IL-4, IL-5, and IL-13, which
are produced by Ty2 cells, play an active role in type 2
immune responses. IFN-y has been thought to suppress type 2
immune responses through inhibition of Ty2 cell proliferation
[28]. However, in chronic inflammation, expression of Ty2
cytokines occurs even in type 1 immune responses [29].
We previously reported that IFN-y had opposite effects on
IL-4-induced production of CCL26, a potent chemoattractant
for eosinophils, which are effector cells in type 2 immune
responses in normal human epidermal keratinocytes [30].
Our data support the coexistence of the properties of type 1 and
type 2 immune responses. In the present study, we found
that IFN-y and TNF-o, which play a key role in type 1
immune responses, induced expression of IL-33, which could
promote type 2 immune responses in keratinocytes. Our
findings provide evidence for both upregulation of IL-33 in
keratinocytes and coexistence of type 1 and type 2 immune
responses in allergic contact dermatitis.

IL-33 and its receptor ST2 appear to contribute to allergic
contact dermatitis. For example, ST2 was upregulated in skin
lesions in a contact dermatitis rat model using a representative
hapten, 2,4-dinitrofluorobenzene [31]. In an oxazolone-induced
murine model of allergic contact dermatitis, inflammation was
attenuated in ST2-deficient mice compared with wild-type
mice, because activation of B-1 cells via IL-33 and ST2
interactions could not occur [21]. We generated our model
under conditions by which a difference in epidermal thickness
was observed between the control and experimental groups
and edema and hypertrophy of the dermis were not observed.
We found that blockade of IL-33 attenuated ear swelling in
a murine model of allergic contact dermatitis. Thus, IL-33 is
functionally involved in the pathogenesis of allergic contact
dermatitis, especially in keratinocytes, the main structural cells
in the epidermis. However, blockade of IL-33 did not attenuate
sensitization with oxa. Therefore, we suggest that I1.-33 is not
involved in the sensitization phase, at least in our experiments.
IL-33 is expressed in the nucleus of keratinocytes at low levels
in the resting phase. Once inflammation occurs, IL-33 can be
initially upregulated in keratinocytes and secreted as alarmin,
before exerting its effects on immune cells that mediate
allergic responses. Thus, inflammation may be facilitated and
prolonged in allergic contact dermatitis. Expression levels of
TNF-o and IFN-y are upregulated in allergic contact dermatitis
[32]. TNF-a and IFN-y can promote expression of IL-33
in keratinocytes, thus sustaining chronic inflammation. We
further showed that blockade of TNF-a and IFN-y attenuated
allergic contact dermatitis. In addition, expression of IL-33 in
keratinocytes was decreased by blockade of TNF-o. and IFN-y.
We suggest that blockade of TNF-o and IFN-y suppresses
upregulation of IL-33 expression in keratinocytes, resulting in

© 2013 Esmon Publicidad

the attenuation of allergic contact dermatitis. Therefore, both
blockade of IL-33 and blockade of TNF-a and IFN-y could be
effective treatments for allergic contact dermatitis.

The main treatments for allergic contact dermatitis are
topical and systemic (oral and injected) corticosteroids and
antihistamines. These treatments successfully inhibit allergic
inflammation, including the infiltration of inflammatory cells
into the skin and secretion of various inflammatory cytokines
[33]. However, corticosteroids and antihistamines are used
to treat symptoms, rather than provide a cure, and are thus
unable to completely prevent the inflammation from becoming
chronic. The results of the present study suggest that blockade
of IL-33, TNF-a., and IFN-y could become a potent strategy for
allergic contact dermatitis even in the chronic phase, in which
type 1 and type 2 immune responses coexist.

In conclusion, TNF-o. and IFN-y were able to induce
expression of IL-33 in KERTr cells. Blockade of IL.-33 and
blockade of TNF-a. and IFN-y attenuated allergic contact
dermatitis in a murine model. These findings could pave the
way for successful treatment of allergic contact dermatitis.
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Abstract

Background: interleukin (IL)-33, a novel member of the IL-1 family, is mainly produced by epithelial cells and
endothelial cells. Effects of IL-33 on allergic diseases have been reported. Allergic contact dermatitis is a clinical form
of contact hypersensitivity that involves a delayed-type hypersensitivity reaction. We previously reported that IL-33 is
induced by tumor necrosis factor-alpha and interferon-gamma in keratinocytes and plays a critical role in allergic contact
dermatitis. However, the mechanism underlying how IL-33 is involved in the pathogenesis of allergic contact dermatitis
is not fully understood. We investigated the role of IL-33 in allergic contact dermatitis using model mice.

Methods: Allergic contact dermatitis model mice were generated. Epidermal thickness and eosinophil infiltration in
the dermis were evaluated by histology. The function of IL-33 was investigated by in vivo administration of an anti-IL-33
antibody.

Results: Epidermal thickness was increased in the ear lesions of allergic contact dermatitis model mice. We
showed that eosinophil infiltration in the dermis was increased in the ear lesions. We further found that blockade of IL-
33 attenuated not only the epidermal thickness but also the eosinophil infiltration in the dermis in the ear lesions.

Conclusions: I1L-33 may promote inflammation via eosinophil infiltration in allergic contact dermatitis. Blockade of

IL-33 may represent a novel and potent therapeutic strategy for allergic contact dermatitis.

Keywords: Interleukin-33; Allergic contact dermatitis; Epidermal
thickness; Eosinophil

Abbreviations: Oxa: 4-ethoxymethylene-2-phenyl-2-oxazolin-
5-one; IL: Interleukin; TNF-a: Tumor Necrosis Factor-alpha; IFN-y:
Interferon-gamma

Introduction

Interleukin (IL)-33 was identified as a novel member of the IL-1
family, IL-1F11 [1]. IL-33 was reported as DVS 27 in 1999 and also
reported as nuclear factor from high endothelial venules (NF-HEV) in
2003 [2,3]. Epithelial cells and endothelial cells are the main cellular
sources of IL-33 [1,4,5]. IL-33 is released by cells undergoing necrotic
cell death and functions as a Damage-Associated Molecular Pattern
(DAMP) and alarming [5]. The receptor for IL-33, ST2, is expressed
on various immune cells including T-helper type 2 (Th2) cells CD8* T
cells mast cells eosinophils basophils NK cells, NKT cells and dendritic
cells [6-12]. Natural helper cells and nuocytes produce abundant Th2
cytokines when stimulated by IL-33 [13,14].

IL-33 is closely related to type 2 immune responses. It has been
reported that IL-33 is involved in various allergic diseases, including
bronchial asthma allergic rhinitis allergic conjunctivitis atopic
dermatitis and allergic contact dermatitis [15-19]. Allergic contact
dermatitis is a clinical form of contact hypersensitivity that involves a
delayed-type hypersensitivity reaction, and its mechanism is complex.

In the previous study, we found that IL-33 plays a critical role in
allergic contact dermatitis model mice [20]. However, we could not
fully reveal the mechanism underlying how IL-33 is involved in the
pathogenesis of allergic contact dermatitis. In the present study, we
further investigated the role of IL-33 in allergic contact dermatitis
using model mice. Here, we show that not only epidermal thickness but
also eosinophil infiltration in the dermis are increased in the ear lesions
of allergic contact dermatitis model mice. We further demonstrate that

blockade of IL-33 attenuates the epidermal thickness and eosinophil
infiltration in the dermis in the ear lesions. These findings suggest
that IL-33 functions like a chemoattractant for eosinophils in allergic
contact dermatitis model mice, and that IL-33 is a novel therapeutic
target for allergic contact dermatitis.

Materials and Methods

Generation of allergic contact dermatitis model mice

All animal experiments were undertaken in accordance with the
guidelines for the care and use of experimental animals of the Japanese
Association for Laboratory Animal Science (1987). Six-week-old
female C57BL/6 mice were purchased from Kyudo (Saga, Japan). The
protocol for preparing allergic contact dermatitis model mice was
previously reported [20,21]. Briefly, mice were sensitized with 100 pl
of 5% 4-ethoxymethylene-2-phenyl-2-oxazolin-5-one (oxa) in ethanol
on their shaved abdomen on day 0. Oxa challenges were performed on
days 5,7, 9, 11, and 13 after sensitization. The right ears of the mice were
applied with 0.1% oxa, while the left ears were applied with ethanol
alone. An anti-mouse IL-33 antibody (Functional Grade Purified;
Medical & Biological Laboratory, Research Triangle Park, NC) was
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subcutaneously injected into the ears on day 9. An IgG1 isotype control

antibody (Abcam, Cambridge, MA) was also evaluated. (@
. . . Day o 5 7 9 1 13 15
Histological analysis | t ? } f E F
L 1 * t i t
For histological examination, specimens were obtained from the Sensitization Challenge
ears at 48 hours after the last oxa challenge. The specimens were fixed
in formalin and embedded in paraffin. Cross-sections were prepared ®)

Control Oxa

and subjected to H&E staining. To evaluate eosinophil infiltration, the
total numbers of eosinophils in the dermis in five high power fields
(magnification, x400) were counted.

Statistical analysis

Statistical analyses were performed using Prism 5.0 (GraphPad
Software, La Jolla, CA). Data are presented as means + SD. The

signiﬁcance of differences between values was assessed using an Figure 1: Epidermal thickness is increased in allergic contact dermatitis model

mice. (a) Mice were sensitized with 100 ul of 5% oxa in ethanol on their shaved

unpaired Student’s ¢-test. Values of P<0.05 were considered statistically abdomen on day 0. Oxa challenges were performed on days 5, 7, 9, 11, and
signiﬁcant. 13 after sensitization. (b) Ear tissues obtained from the mice on day 15 were

subjected to H&E staining. (n=8-9/group). Left, control mouse; right, oxa-
Results sensitized mouse; arrows, eosinophils. Scale bars, 10 pm.

Generation of allergic contact dermatitis model mice

To investigate the function of IL-33 in allergic contact dermatitis, (@
we initially generated allergic contact dermatitis model mice using oxa Pay 0 3 7 i i B
(Figure 1a). The epidermal thickness of the ear tissue was increased in P t 4 ] 1 t ‘
allergic contact dermatitis model mice compared with control mice that Sensitization  Challenge A
were not sensitized with oxa (Figure 1b). This finding indicated that the Anti-IL-33
preparation of allergic contact dermatitis model mice was successful.
There was no difference of the ears between allergic contact dermatitis ®) 15G1 isotype control Anti-IL-33

model mice and control mice in appearance (data not shown).

Blockade of IL-33 attenuates the epidermal thickness in
allergic contact dermatitis model mice

To evaluate the function of IL-33, we administered the anti-IL-33
antibody into the lesions of allergic contact dermatitis model mice

(Figure 2a). Administration of the anti-IL-33 antibody suppressed Figure 2: Bloc!(gde of IL-S? attenuates the epidermal thickness in allergic
th i 1 thickn . llersic tact dermatiti del mice pontact dermatitis model mice. (a) An anti-mouse IL-33 antibody or IgG1

€ epiderma €ss In aliergic contac alitls modet mic isotype control antibody, 10 ug each, was subcutaneously injected into the
compared with administration of the IgGl isotype control antibody ears of allergic contact dermatitis model mice on day 9 after sensitization. (b)
(Figure 2b). This finding suggested that blockade of IL-33 attenuated Ear tissues obtained from the mice on day 15 were subjected to H&E staining

(n=8-9/group). Left, IgG1 isotype control antibody-injected mouse; right, anti-

allergic contact dermatitis. IL-33 antibody-injected mouse; arrows, eosinophils. Scale bars, 10 ym.

Eosinophil infiltration in the dermis is suppressed by
blockade of IL-33 in allergic contact dermatitis model mice

* x +
We confirmed that IL-33 was functionally involved in the 10
pathogenesis of allergic contact dermatitis. IL-33 activates the é
eosinophil, a potent mediator of allergic inflammation, and also o 8
increases eosinophil survival in humans [22]. We investigated the 2 6
relationship between IL-33 and eosinophils in our allergic contact 2 4
dermatitis model mice. We found that the eosinophil infiltration in §'
the dermis was significantly increased in allergic contact dermatitis Z 2
model mice compared with control mice that were not sensitized s
with oxa (Figure 3). On the other hand, administration of the anti- Oxa sensitization  — + + +
IL-33 antibody significantly suppressed the eosinophil infiltration in 1gG1 isotype confrol — - : _
the dermis compared with administration of the IgG1 isotype control
antibody (Figure 3). Very few lymphocytes, neutrophils, basophils, Anti-IL-33 - ~ - +
and macrophages appeared in the skin lesions in our allergic contact Figure 3: Eosinophil infiltration is promoted in allergic contact dermatitis
dermatitis model mice. These data suggest that IL-33 functions like a model mice and suppressed by blockade of IL-33. Ear tissues obtained from
chemoattractant for eosinophils, which facilitate allergic inflammation. the mice on day 15 after sensitization were subjected to H&E staining. The
total numbers of eosinophils in the dermis in five high power fields (HPFs;
Discussion magnification, x400) were counted (n=8-9/group). The data are means * SD.

**P<0.01, versus control mice. *P<0.05, versus IgG1 isotype control antibody-
injected mice.

1L-33 is involved in various allergic diseases [15-19]. We previously
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reported that IL-33 contributes to allergic contact dermatitis, as do
tumor necrosis factor-alpha (TNF-a) and interferon-gamma (IFN-y)
[20]. However, the mechanism underlying how IL-33 is involved in the
pathogenesis of allergic contact dermatitis is not fully understood. To
investigate the role of IL-33, we generated allergic contact dermatitis
model mice under the condition that relatively mild inflammation
was sustained to omit the involvement of excessive immune cells.
Although a difference of epidermal thickness between the control and
experimental mice appeared, edema and hypertrophy of the dermis,
the characteristics of severe dermatitis, did not appear in our model
mice. In addition, the serum IgE concentrations were increased in
our model mice. This mouse model is suitable for analyses of the early
stage of skin allergic inflammation. We previously reported that IL-
33 protein was upregulated in keratinocytes in the lesions of allergic
contact dermatitis model mice [20].

IL-33 and its receptor ST2 appear to contribute to allergic
contact dermatitis. For example, ST2 was upregulated in the
lesions of contact dermatitis model rats by a representative hapten,
2,4-dinitrofluorobenzene [23]. In oxazolone-induced allergic contact
dermatitis model mice, inflammation was attenuated in ST2-deficient
mice compared with wild-type mice, because activation of B-1 cells
via IL-33 and ST2 interactions could not occur [19]. Allergic contact
dermatitis, which is a clinical form of contact hypersensitivity, has
properties both of type 1 and type 2 immune responses, especially
in chronic inflammation. IL-33 closely relates to type 2 immune
responses. On the other hand, TNF-a and IFN-y closely relate to type
1 immune responses. We have reported that TNF- a and IFN-y induce
IL-33 production in KERTT cells, normal human keratinocyte cell line
[20]. These are supporting data for the coexistence of the properties of
type 1 and type 2 immune responses.

Effects of IL-33 on various immune cells have been reported [6-
14]. We paid the attention to eosinophils, which express ST2 and are
involved in the pathogenesis of various allergic diseases, including
contact dermatitis. IL-33 induces eosinophil superoxide anion
production and degranulation, and also increases eosinophil survival
in humans [22]. In the present study, we showed a relationship between
I1-33 and eosinophils in allergic contact dermatitis model mice. We
further showed that blockade of IL-33 attenuated epidermal thickness
in allergic contact dermatitis model mice, together with decreased
eosinophil infiltration in the dermis. These data suggest that IL-33 is
functionally involved in the pathogenesis of allergic contact dermatitis
model mice as if it were a chemoattractant for eosinophils. IL-33 does
not influence the eosinophil migration directly. It has reported that
IL-33 induced the production of eotaxin, a potent chemoattractant
for eosinophils, in fibroblasts in allergic bronchial asthma model mice
[24]. Accordingly, IL-33 influences the eosinophil migration indirectly.
Lymphocytes, neutrophils, basophils, and macrophages seldom
appeared in the skin lesions at least in our allergic contact dermatitis
model mice. TL-33 may be initially upregulated in keratinocytes,
epithelial cells in the epidermis, and secreted as an alarmin when
keratinocytes are damaged and exposed to TNF- o and IFN-y [5,20].
We suggest that IL-33 subsequently attracts eosinophils that mediate
allergic responses in the skin lesions (Figure 4). Thus, inflammation
may be facilitated and sustained in allergic contact dermatitis. Blockade
of IL-33 may attenuate allergic contact dermatitis by suppressing
eosinophil infiltration into the skin lesions.

A corticosteroid and antihistamine drugs with external application
and systemic administration are currently the main treatments
for contact dermatitis. These treatments successfully inhibit the

| Keratinocytes |

TNF-o,
IFN-y

Eosinophil
infiltration

Promoting
allergic inflammation

Figure 4: The possible function of IL-33 in allergic contact dermatitis model
mice. Keratinocytes produce IL-33 when damaged and exposed to TNF-a and
IFN-y. 1L-33 functions like a chemoattractant for eosinophils, which facilitate
allergic inflammation, in allergic contact dermatitis model mice.

allergic inflammation [25]. However, the corticosteroid therapy and
antihistamine therapy are symptomatic therapies, rather than curative
therapies [25]. The data obtained in the present study suggest that
blockade of IL-33 could become a novel strategy for allergic contact
dermatitis as a molecularly targeted therapy.

In Conclusion, blockade of IL-33 attenuated allergic contact
dermatitis in our model mice. This process may be mediated by
suppression of eosinophil infiltration in the dermis. These findings
could pave the way for successful treatment of allergic contact
dermatitis.
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