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Increased serum levels of interleukin 33 in patients
with atopic dermatitis

Risa Tamagawa-Mineoka, MD, PhD, Yasutaro Okuzawa, MD, Koji Masuda, MD, PhD, and
Norito Katoh, MD, PhD
Kyoto, Japan

Background: Interleukin (IL)-33 is a new member of the IL-1 cytokine family and a promoter of T helper
type 2 (Th2) inflammation. IL-33 may be involved in the pathogenesis of atopic dermatitis (AD), but its
relationship with disease severity, laboratory markers, and eruption types in patients with AD are unclear.

Objective: The aim of this study was to quantify serum IL-33 levels in patients with AD and to examine
relationships with disease severity, laboratory markers, and eruption types.

Methods: Serum IL-33 was measured by enzyme-linked immunosorbent assay in patients with AD, chronic
idiopathic urticaria, and psoriasis and in healthy control subjects.

Results: Serum levels of IL-33 were significantly higher in patients with AD compared with those in
patients with urticaria and psoriasis and in healthy control subjects, and were correlated with the disease
severity of AD. IL-33 levels were also significantly correlated with excoriation and xerosis scores, but not
with blood eosinophilia, serum IgE, serum thymus and activation-related chemokine, and serum lactate
dehydrogenase. Elevated IL-33 levels were significantly reduced after improvement of skin lesions by drug
treatment.

Limitation: A limitation in the study was the small number of subjects.

Conclusion: Our results suggest that IL-33 released from mechanically injured or barrier-disrupted skin
may increase inflammation in AD. (J Am Acad Dermatol http://dx.doi.org/10.1016/j.jaad.2014.01.867.)
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nterleukin (IL)-33 is a new member of the IL-1

family of cytokines, which also includes IL-18

and IL-18." IL-33 binds to its receptors ST2 and
IL-1RAcP."* ST2, which is also known as T1, IL-1RL1,
and DER4, is strongly expressed on Th2 cells, mast
cells, and eosinophils,H and IL-33 activates these
cells and promotes Th2-type immune responses.’
Recent data suggest that IL-33 is involved in the
pathogenesis of various allergic diseases, and asso-
ciations between genetic polymorphism of IL-33 and
asthma’ and allergic rhinitis® have been described.
Significantly higher serum IL-33 levels have also been

Abbreviations used:

AD:  atopic dermatitis
EASI: Eczema Area and Severity Index
IL: interleukin

found in patients with Japanese cedar pollinosis
compared with healthy control subjects.” IL-33 has
also been suggested to be involved in the pathogen-
esis of animal models of asthma,” allergic rhinitis,”
and allergic conjunctivitis.”
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Atopic dermatitis (AD) is a chronic eczematous
skin disease characterized by increased levels of Th2
cytokines such as IL-4 and IL-5, high serum IgE
levels, positive immediate hypersensitivity to food or
environmental allergens, and peripheral blood
eosinophilia.'’” Recent reports have described
involvement of IL-33 in the pathogenesis of
AD.'"" Expression of I1-33
is increased in keratinocytes,
endothelial cells, and fibro-
blasts of lesional skin in pa-
tients with AD'"'” and
injection of recombinant
IL-33 into mouse skin elicits
production of Th2 cyto-
kines'’ and accumulation of
eosinophils, T cells, and mac-
rophages."” Imai et al'” have
also shown development of
spontaneous itchy dermatitis
resembling features of AD,
such as eosinophil infiltra-
tion in inflamed skin and high serum IgE levels, in
transgenic mice expressing the IL-33 gene. Genetic
polymorphisms in the ST2 gene region also have a
strong association with AD'® and ST2 is found mainly
in dermal infiltrating cells in patients with AD.""

These findings suggest that IL-33 may be impor-
tant in the pathomechanism of AD. However, the
relationships between serum IL-33 levels and disease
severity, laboratory markers, and eruption types in
patients with AD are unknown. In the current study,
we evaluated serum levels of IL-33 in patients with
AD, urticaria, and psoriasis, and in healthy control
subjects, and examined whether these levels corre-
lated with disease severity, laboratory markers, and
eruption types in patients with AD. We also exam-
ined changes in the marker levels in association with
improvement of eruption in AD.

dermatitis (AD).

for AD.

METHODS
Subjects

A total of 62 adult patients (43 men, 19 women;
median age: 31 years old; range: 16-55 years old)
with AD were randomly selected and enrolled in the
study. Diagnosis of AD was based on the criteria of
Hanifin and Rajka'” and clinical severity was deter-
mined using the Eczema Area and Severity Index
(EASI) score'” (median score: 27.0; range: 5.8-58.4).
Based on the EASI score, patients with AD were
divided into 3 groups: mild (score <10), moderate
(score 10-20), and severe (score >20). Skin lesion
severity (erythema score, edema/papule score,
oozing/crust score, excoriation score, lichenification
score, and xerosis score) and itch severity were

CAPSULE SUMMARY

« Interleukin (IL)-33 is a Th2 cytokine
involved in the pathogenesis of atopic

+ IL-33 levels are correlated with severity
of AD and IL-33 released from damaged
skin may increase inflammation in AD.

« IL-33 may be a useful marker for
monitoring the outcome of drug therapy
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evaluated in areas of most affected skin, as previ-
ously described.'” Peripheral blood was obtained
when the eruptions in patients with AD were
exacerbated. The peripheral eosinophil count
(median: 597 pL; range: 10-3220/uL; reference range:
50-590/uL), serum IgE (median: 4855 TU/mL; range:
125-54,500 1U/mL; reference range: 0-380 IU/mL),
serum lactate dehydrogenase
(median: 255 IU/L; range:
114-762 1U/L; reference
range: 120-240 IU/L), and
serum thymus and
activation-regulated chemo-
kine (TARC/CCL17) (median:
1807 TU/L; range: 152-30,623
IU/L; reference range: 0-449
pg/mL) were also examined.
Each patient had a history
of AD for more than 3
years. Patients were treated
with conventional therapy,
including systemic antihista-
mine and topical steroids and calcineurin inhibitors.
Patients were not treated with systemic steroids or
immune suppressive agents.

Thirty-five patients with chronic idiopathic urti-
caria (18 men, 17 women; median age: 30 years old,;
range: 22-50 years old) were also included in the
study. All these patients had experienced occurrence
of urticaria several times a week for at least 6 weeks.
Eighteen patients with psoriasis (16 men, 2 women;
median age: 48 years old; range: 28-78 years old)
were also included in the study. Severity of psoriasis
was assessed using the Psoriasis Area and Severity
Index score”” (median score 15.2; range 12.2-18.7).
The control group consisted of 22 healthy subjects
(12 men, 10 women; median age: 28 years old,;
range: 24-43 years old) who had not taken any
medication for at least 2 weeks preceding the study.
All subjects gave written consent and the study was
approved by the university ethics committee and
conducted in accordance with the Declaration of
Helsinki.

Measurement of IL-33 in blood samples

Serum levels of IL-33 were measured by enzyme-
linked immunosorbent assay kits for quantitative
detection of IL-33 (BioLegend, San Diego, CA). The
reference range for the enzyme-linked immunosor-
bent assay kit was 0 to 1000 pg/mL. When a sample’s
value fell outside the reference range for the
enzyme-linked immunosorbent assay kit, the sample
was reanalyzed at a higher dilution. All measure-
ments were made in triplicate and mean values were
obtained.
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Statistical analysis

Data are expressed as means = SD unless other-
wise indicated. A Mann-Whitney U test was used to
compare variables between 2 groups because most
data were not normally distributed. Spearman rank
correlation analysis was used to examine the rela-
tionship between 2 continuous variables. Multiple
regression analysis was performed to assess the
relationships between serum IL-33 levels and age,
gender, disease severity, and history of other atopic
diseases. The receiver operating characteristic curve
was prepared and analyzed using data from patients
with AD. Paired samples were analyzed by Wilcoxon
signed ranks test. Differences with P less than .05
were considered to be statistically significant.

RESULTS
Serum levels of IL-33 in patients with AD and
urticaria

Serum levels of IL-33 in patients with AD (median
71.0; range 34-4296 U/mL) were significantly higher
than those in control subjects (median 5.9; range 0-75
U/mL) (P <.01), patients with urticaria (median 32.0;
range 22-233 U/mL) (P < .01), and psoriatic patients
(median 37.1; range 0-176 U/mL) (P < .01) (Fig 1).
There was no significant difference in serum IL-33
levels between patients with urticaria or psoriasis and
control subjects. The average coefficient of variation
for the 3 measurements in all tests was 5.9%.

Relationship of IL-33 with disease severity in
patients with AD

Serum levels of IL-33 were significantly correlated
with EASI scores in patients with AD (r = 0.331, P <
.001) (Fig 2). The receiver operating characteristic
curve establishing cut-off levels between patients
with moderate and severe AD for serum IL-33 levels
is shown in Fig 2. The area under the receiver
operating characteristic curve was determined to
be 0.890. This procedure was used to obtain a cut-off
value, 68.18 pg/mL, giving the maximum efficiency
in prediction of moderate to severe AD with a
sensitivity of 82% and a specificity of 91%.

Relationship of IL-33 with eruption type in
patients with AD

Correlations between serum IL-33 and skin lesion
severity (erythema score, edema/papule score,
oozing/crust score, excoriation score, lichenification
score, and xerosis score) were evaluated in the areas
of most affected skin in the patients with AD. Among
the 6 types of eruptions, erythema, edema/papule,
oozing/crust, excoriation, lichenification, and xero-
sis, serum IL-33 levels were significantly correlated
with the excoriation score (7 = 0.299, P = .018) and
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Fig 1. Serum levels of interleukin (1)-33 in patients with
atopic dermatitis (AD) (n = 62), patients with chronic
idiopathic urticaria (n = 35), patients with psoriasis
(n = 18), and healthy control subjects (n = 22). IL-33 levels
were measured by enzyme-linked immunosorbent assay.

the xerosis score (7= 0.287, P=.024), but not with the
erythema score ( = 0.060, P = .644), edema/papule
score (r=0.039, P = .764), oozing/crust score (r= —t
0.039, P=.763), or lichenification score (r= —t 0.168,
P = .192) (Fig 3). The itching score was also not
correlated with the serum IL-33 level ( = —t 0.209,
P =.103) (Fig 3).

Relationship of IL-33 with laboratory markers
in patients with AD

Relationships were examined between serum
levels of IL-33 and laboratory markers known to be
elevated in AD. Serum levels of IL-33 were not
significantly correlated with serum IgE levels (n =
59; r=—0.138, P=.298), peripheral eosinophil count
(n = 61; »r = —0.114, P = .381), serum lactate
dehydrogenase (n = 60; » = 0.058, P = .657), or
TARC (n = 54; r= —0.099, P = .473) (Table D).

Relationship of IL-33 with age, gender, the EASI
score, and history of asthma and
rhinoconjunctivitis in patients with AD

To analyze which factor among age, gender, the
EASI score, and history of asthma and rhinoconjunc-
tivitis related to elevation of serum IL-33 levels,
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Fig 2. Relationship between serum levels of interleukin
(ID)-33 and Eczema Area and Severity Index (EASI) scores
in patients with atopic dermatitis (AD) (n = 62), and the
receiver operating characteristic curve establishing cut-off
levels between patients with moderate and severe AD for
serum IL-33 levels (n = 50). AUC, Area under curve.

multiple regression analysis was performed. The
multiple regression analysis showed that the EASI
score accounted for elevation of serum IL-33 levels
among these factors (Table ID).

Changes in serum IL-33 levels before and after
treatment

A comparison of serum levels of IL-33 was
performed before and after treatment in 10 patients
with AD who received conventional therapy with
topical steroids and calcineurin inhibitors. Serum
samples were collected after 4 to 8 weeks of therapy
when skin lesions had improved. At this time, the
mean EASI score of the 10 patients had decreased
from 28.3 to 6.6 (P < .01), with corresponding
decreases in the mean serum levels of IL-33 from
595.5 to 73.0 pg/mL (P < .05) (Fig 4.

DISCUSSION
The results of the study show that serum levels of
IL-33 are significantly elevated in patients with AD
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compared with healthy control subjects. Serum IL-33
level was significantly associated with the EASI score
and the elevated IL-33 levels were significantly
reduced after clinical improvement of skin lesions.
These findings suggest that IL-33 plays an important
role in the pathomechanism of AD.

The serum levels of IL-33 were also correlated
with the xerosis score among the 6 types of erup-
tions, erythema, edema/papule, oozing/crust, exco-
riation, lichenification, and xerosis. Dickel et al*!
have shown up-regulation of IL-33 messenger RNA
in human skin after tape stripping and expression of
IL-33 is spontaneously up-regulated in the skin of
filaggrin-deficient mice, which have defects in skin
barrier function.'' These findings suggest that skin
barrier dysfunction is sufficient to elicit expression of
IL-33. Epicutaneous sensitization with protein anti-
gen after tape stripping has been shown to induce
Th2-dominated immune responses.””*” Our previ-
ous study showed that expression of thymic stromal
lymphopoietin, which is also an epithelial cell-
derived cytokine, similarly to IL-33, is elevated and
correlated with the xerosis score in the stratum
corneum of patients with AD.'” Thymic stromal
lymphopoietin is also increased in skin tissue by
tape stripping and induces Th2 polarization of
cutaneous dendritic cells.”**” These findings suggest
that skin barrier dysfunction may elicit expression of
tissue-derived cytokines such as IL-33 and thymic
stromal lymphopoietin, leading to development of
Th2-type immune responses in patients with AD.

Serum levels of IL-33 were also correlated with the
excoriation score among the 6 types of eruptions,
erythema, edema/papule, oozing/crust, excoriation,
lichenification, and xerosis. Patients with AD often
scratch their skin because of itch, resulting in
excoriation, and the itch-scratch cycle further pro-
motes skin inflammatory reactions. Whereas other
members of the IL-1 family, IL-1 and IL-18, require
maturation by caspase-1 for biological activity, IL-33
is produced in an active full-length form and is stored
in the nucleus. Damage to cells induces necrosis and
release of full-length IL-33. During apoptosis, IL-33 is
cleaved by caspase-3/7, leading to its inactivation.*
Therefore, it has been hypothesized that IL-33 acts as
an endogenous “danger signal” or “alarmin” that may
alert the immune system in response to tissue dam-
age.”” Our results imply that tissue injury caused by
scratching of the skin may result in increased release
of IL-33 from damaged cells in patients with AD.

IL-33 is released from skin structural cells by
trigger factors such as mechanical injury, allergens,
and bacteria,'"*® and acts on various ST2-expressing
cells, such as Th2 cells, mast cells, and eosinophils.
IL-33 induces increased release of Th2 cytokines



] AM AcaD DERMATOL Tamagawa-Mineoka et al 5

© 4296 4296 © 4296
© 4018 ®4018 ®4018
®1740 ®1740 ®1740
800 —_— 800 —_— 800 ——]
7004 r=0.060 d 700 % r=0039 700 ¢
— P=0.644 ° = P=0.764 o = °
£ n=62 £ n=62 £ r=0.299
S 600 > 600 ® 6004 p=0.018
a . o . a - .
5 5 5 n=62
™ 500 © 500 - ™ 500
2 | 2
— L] - ° e °
O 400 O 400 O 400
(2} 12} (2}
o © o
§ 300 + . § 300 . E 300 ®
£ ° ® £ [] £ . .
g 200 g 200 g 200
& : L] s 3 [} * & . ]
100 a ; ; 100 i ¢ 100 4 I o
s 1 s { °
0 - 1T 1 0 _I_!_l 0 _I_!_l.
1 2 3 1 2 3 1 2 3
Erythema Edema/Papule Excoriation
© 4296 © 4296 © 4296
©4018 04018 ©4018
®1740 ®1740 ®1740
800 - 800 -
700 4 ° =-0.168 7004 r=0.287 .
g g ° P=0.192 g P=0.024 [
= S 6004 n=62 S 6004 n=62
= = ® e e
& ® 500 & 500
— — —
s - 4 s b
o © 400 O 400 H
0 0 0
[ [ [
3 3 300 A s 3 300 .
£ £ £ o °
2 2 200 : 2 200 4
8 8 o s 3 $ e
100 4 : i i 100 4 i i ;
0 - 11 1 0 -1 1 1
1 2 3 1 2 3
Crust/Oozing Lichenification Xerosis

©4296
©4018
©1740
800
7004 r=-0.209 *
= P=0.103 N
= n=62
E 600 B
& 500 1
|
— [ ]
5 400
[}
°
3 300 s
£ $
3 200
& s ¢
100 ; i '
0 —l—|—|l
1 2 3
Itch

Fig 3. Relationship between serum levels of interleukin (Z2)-33 and skin symptom severity
scores for the most affected skin in patients with atopic dermatitis (n = 62).
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Table 1. Correlation between serum interleukin 33
levels and laboratory markers

r P
Serum IgE levels (n = 59) —0.138 .298
Peripheral eosinophil count (n = 61) —-0.114 .381

Serum LDH (n = 60) 0.058 .657
Serum TARC (n = 54) —0.099 473

LDH, Lactate dehydrogenase; TARC, thymus and activation-related
chemokine.

Table II. Multiple regression analysis to evaluate
which factors account for elevation of serum
interleukin 33 levels

Standard
partial regression
coefficient P
Age 0.059 .654
Gender (female = 0; male = 1) —0.226 .076
EASI score 0.386 .005
History of asthma (no = 0; yes = 1) —0.067 .589
History of rhinoconjunctivitis —0.190 153
(no =0; yes = 1)
EASI, Eczema Area and Severity Index.
4018
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Fig 4. Changes in Eczema Area and Severity Index (EASI)
scores and serum levels of interleukin (/)-33 before and
after treatment in paired samples obtained from 10
patients with atopic dermatitis.

such as IL-5 and IL-13 from Th2 cells in vitro and
elevated levels of serum IgE and blood eosinophils
in vivo.' IL-33 also causes activation, maturation,
and Th2 cytokine production in mast cells'**” and
induces eosinophil-dependent cutaneous fibrosis." "
Thus, IL-33 may play a pivotal role in the
development of inflammatory reactions and fibrotic
remodeling in AD.

Our study showed that serum levels of IL-33 were
not increased in patients with chronic idiopathic

J AM ACAD DERMATOL

urticaria compared with healthy control subjects.
Urticaria occurs as a clinical manifestation of immu-
nologic mechanisms, or may be idiopathic.””
Urticarial reactions may develop after IgE- or IgE
receptor-dependent reactions or after direct mast cell
degranulation. Levels of IL-33 are markedly elevated
in serum and tissue from patients with AD during
anaphylactic reactions that are systemic immediate-
type hypersensitivity reactions involving IgE anti-
bodies.'* IL-33 also causes antigen-independent
passive cutaneous and systemic anaphylaxis in a
mast cell-dependent manner in a murine model of
AD." Therefore, 1L-33 may be involved in the
mechanisms of urticarial reactions in patients with
AD, but may not be closely associated with the
pathogenesis of nonatopic chronic urticaria.

Furthermore, serum levels of IL-33 were not
elevated in patients with psoriasis compared with
healthy control subjects. Psoriasis is a chronic in-
flammatory disorder of the skin. Psoriatic plaque is
characterized by the infiltration of leukocytes, such
as T cells, and excessive keratinocyte proliferation. It
is thought that the pathogenesis of psoriasis is
associated with several pathways such as the IL-17
pathway.”' Our results suggest that IL-33 may not be
deeply involved in the pathomechanism of psoriasis.

In conclusion, our results indicate that serum
levels of IL-33 are elevated in patients with AD and
are closely related to the EASI score in these patients.
The elevated levels of IL-33 were significantly
reduced after improvement of skin lesions, and
serum IL-33 levels were also significantly correlated
with excoriation and xerosis scores. These findings
suggest that IL-33 is heavily involved in the patho-
mechanism of AD, and that mechanical injury and
barrier disruption can lead to IL-33 release from skin
tissue. Serum IL-33 levels may be a useful indicator of
the disease severity of AD.

We thank Toyokazu Nakamura and Sinichiro Kotani for
their technical assistance.

REFERENCES

1. Schmitz J, Owyang A, Oldham E, Song Y, Murphy E,
McClanahan TK, et al. IL-33, an interleukin-1-like cytokine
that signals via the IL-1 receptor-related protein ST2 and
induces T helper type 2-associated cytokines. Immunity 2005;
23:479-90.

2. O'Neill LA, Dinarello CA. The IL-1 receptor/Toll-like receptor
superfamily: crucial receptors for inflammation and host
defense. Immunol Today 2000;21:206-9.

3. Moritz DR, Rodewald HR, Gheyselinck J, Klemenz R. The IL-1
receptor-related T1 antigen is expressed on immature and
mature mast cells and on fetal blood mast cell progenitors.
J Immunol 1998;161:4866-74.

4. Xu D, Chan WL, Leung BP, Huang FP, Wheeler R, Piedrafita D,
et al. Selective expression of a stable cell surface molecule on
type 2 but not type 1 helper T cells. J Exp Med 1998;187:787-94.


http://refhub.elsevier.com/S0190-9622(14)00979-7/sref1
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref1
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref1
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref1
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref1
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref2
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref2
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref2
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref3
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref3
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref3
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref3
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref4
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref4
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref4

] AM ACAD DERMATOL

10.
11.

12.

13.

14.

15.

16.

17.

18.

. Gudbjartsson DF, Bjornsdottir US, Halapi E, Helgadottir A,

Sulem P, Jonsdottir GM, et al. Sequence variants affecting
eosinophil numbers associate with asthma and myocardial
infarction. Nat Genet 2009;41:342-7.

. Sakashita M, Yoshimoto T, Hirota T, Harada M, Okubo K,

Osawa VY, et al. Association of serum interleukin-33 level and
the interleukin-33 genetic variant with Japanese cedar
pollinosis. Clin Exp Allergy 2008;38:1875-81.

. Kondo Y, Yoshimoto T, Yasuda K, Futatsugi-Yumikura S,

Morimoto M, Hayashi N, et al. Administration of IL-33 induces
airway hyperresponsiveness and goblet cell hyperplasia in the
lungs in the absence of adaptive immune system. Int Immunol
2008;20:791-800.

. Haenuki Y, Matsushita K, Futatsugi-Yumikura S, Ishii KJ,

Kawagoe T, Imoto Y, et al. A critical role of IL-33 in
experimental allergic rhinitis. J Allergy Clin Immunol 2012;
130:184-94.e11.

. Matsuba-Kitamura S, Yoshimoto T, Yasuda K, Futatsugi-Yumi-

kura S, Taki Y, Muto T, et al. Contribution of IL-33 to induction
and augmentation of experimental allergic conjunctivitis. Int
Immunol 2010;22:479-89.

Bieber T. Atopic dermatitis. N Engl J Med 2008;358:1483-94.
Savinko T, Matikainen S, Saarialho-Kere U, Lehto M, Wang G,
Lehtimaki S, et al. IL-33 and ST2 in atopic dermatitis:
expression profiles and modulation by triggering factors.
J Invest Dermatol 2012;132:1392-400.

Pushparaj PN, Tay HK, H'ng SC, Pitman N, Xu D, McKenzie A,
et al. The cytokine interleukin-33 mediates anaphylactic shock.
Proc Natl Acad Sci U S A 2009;106:9773-8.

Kroeger KM, Sullivan BM, Locksley RM. IL-18 and IL-33 elicit
Th2 cytokines from basophils via a MyD88- and
p38a-dependent pathway. J Leukoc Biol 2009;86:769-78.
Rankin AL, Mumm JB, Murphy E, Turner S, Yu N, McClanahan
TK, et al. IL-33 induces IL-13-dependent cutaneous fibrosis.
J Immunol 2010;184:1526-35.

Imai Y, Yasuda K, Sakaguchi Y, Haneda T, Mizutani H,
Yoshimoto T, et al. Skin-specific expression of IL-33 activates
group 2 innate lymphoid cells and elicits atopic dermatitis-like
inflammation in mice. Proc Natl Acad Sci U S A 2013;110:
13921-6.

Shimizu M, Matsuda A, Yanagisawa K, Hirota T, Akahoshi M,
Inomata N, et al. Functional SNPs in the distal promoter of the
ST2 gene are associated with atopic dermatitis. Hum Mol
Genet 2005;14:2919-27.

Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis.
Acta Derm Venereol (Stockh) 1980;92(Suppl.):44-7.

Hanifin JM, Thurston M, Omoto M, Cherill R, Tofte SJ, Graeber
M. The eczema area and severity index (EASI): assessment of

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Tamagawa-Mineoka et al 7

reliability in atopic dermatitis; EASI evaluator group. Exp
Dermatol 2001;10:11-8.

. Sano Y, Masuda K, Tamagawa-Mineoka R, Matsunaka H,

Murakami Y, Yamashita R, et al. Thymic stromal lymphopoietin
expression is increased in the horny layer of patients with
atopic dermatitis. Clin Exp Immunol 2013;171:330-7.

Ramsay B, Lawrence CM. Measurement of involved surface
area in patients with psoriasis. Br J Dermatol 1991;124:565-70.
Dickel H, Gambichler T, Kamphowe J, Altmeyer P, Skrygan M.
Standardized tape stripping prior to patch testing induces
up-regulation of Hsp90, Hsp70, IL-33, TNF-a and IL-8/CXCL8
mMRNA: new insights into the involvement of ‘alarmins’. Con-
tact Dermatitis 2010;63:215-22.

Spergel JM, Mizoguchi E, Brewer JP, Martin TR, Bhan AK, Geha
RS. Epicutaneous sensitization with protein antigen induces
localized allergic dermatitis and hyperresponsiveness to
methacholine after single exposure to aerosolized antigen in
mice. J Clin Invest 1998;101:1614-22.

Kondo H, Ichikawa Y, Imokawa G. Percutaneous sensitization
with allergens through barrier-disrupted skin elicits a Th2-do-
minant cytokine response. Eur J Immunol 1998;28:769-79.
Oyoshi M, Larson RP, Ziegler S, Geha RS. Mechanical injury
polarizes skin dendritic cells to elicit a TH2 response by
inducing cutaneous thymic stromal lymphopoietin expression.
J Allergy Clin Immunol 2010;126:976-84.

Angelova-Fischer |, Fernandez IM, Donnadieu MH,
Bulfone-Paus S, Zillikens D, Fischer TW, et al. Injury to
the stratum corneum induces in vivo expression of human
thymic stromal lymphopoietin in the epidermis. J Invest
Dermatol 2010;130:2505-7.

Luthi AU, Cullen SP, McNeela EA, Duriez PJ, Afonina IS,
Sheridan C, et al. Suppression of interleukin-33 bioactivity
through proteolysis by apoptotic caspases. Immunity 2009;31:
84-98.

Cayrol C, Girard JP. The IL-1-like cytokine IL-33 is inactivated
after maturation by caspase-1. Proc Natl Acad Sci U S A 2009;
106:9021-6.

Cevikbas F, Steinhoff M. IL-33: A novel danger signal system in
atopic dermatitis. J Invest Dermatol 2012;132:1326-9.
Allakhverdi Z, Smith DE, Comeau MR, Delespesse G. Cutting
edge: the ST2 ligand IL-33 potently activates and drives
maturation of human mast cells. J Immunol 2007;179:2051-4.
Soter NA, Kaplan AP. Urticaria and angioedema. In: Freedberg
IM, Eisen AZ, Wolff K, Austen KF, Goldsmith LA, Katz SI, editors.
Fitzpatrick's dermatology in general medicine. New York:
McGraw-Hill; 2003. pp. 1129-39.

Elloso MM, Gomez-Angelats M, Fourie AM. Targeting the TH17
pathway in psoriasis. J Leukoc Biol 2012;92:1187-97.


http://refhub.elsevier.com/S0190-9622(14)00979-7/sref5
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref5
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref5
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref5
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref6
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref6
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref6
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref6
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref7
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref7
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref7
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref7
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref7
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref8
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref8
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref8
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref8
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref9
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref9
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref9
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref9
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref10
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref11
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref11
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref11
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref11
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref12
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref12
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref12
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref13
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref13
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref13
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref13
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref14
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref14
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref14
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref15
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref15
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref15
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref15
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref15
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref16
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref16
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref16
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref16
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref17
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref17
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref18
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref18
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref18
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref18
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref19
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref19
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref19
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref19
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref20
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref20
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref21
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref21
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref21
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref21
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref21
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref21
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref22
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref22
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref22
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref22
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref22
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref23
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref23
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref23
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref24
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref24
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref24
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref24
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref25
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref25
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref25
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref25
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref25
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref26
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref26
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref26
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref26
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref27
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref27
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref27
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref28
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref28
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref29
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref29
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref29
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref30
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref30
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref30
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref30
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref31
http://refhub.elsevier.com/S0190-9622(14)00979-7/sref31

	Increased serum levels of interleukin 33 in patients with atopic dermatitis
	Methods
	Subjects
	Measurement of IL-33 in blood samples
	Statistical analysis

	Results
	Serum levels of IL-33 in patients with AD and urticaria
	Relationship of IL-33 with disease severity in patients with AD
	Relationship of IL-33 with eruption type in patients with AD
	Relationship of IL-33 with laboratory markers in patients with AD
	Relationship of IL-33 with age, gender, the EASI score, and history of asthma and rhinoconjunctivitis in patients with AD
	Changes in serum IL-33 levels before and after treatment

	Discussion
	References


