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TOTHE EDITOR

Skin is considered as a major route for allergersiseation in not only atopic
dermatitis but also “atopic march”, the naturalgrassion of allergic diseases in which
development of atopic dermatitis predates thabotifallergy, asthma, or allergic
rhinitis (Egawa and Kabashima, 2016). Proteasetacwd in allergen sources are
frequently allergens themselves and the proteasatptas been shown to cause
barrier dysfunction in the mucosal epithelium akith &nd stimulate various types of
cells (Takai and Ikeda, 2011). A model proteasergdéin, papain, induces IgE/IgG1
responses upon intranasal (i.n.) (Kamijo et al1,3®r epicutaneous (e.c.)
administration in mice. Papain can cause e.c. za$on even when applied onto
intact ear skin (lida et al., 2014) and tape stngpf ear skin prior to the e.c. papain
administration remarkably promotes dermatitis arxkkerates the IgE/IgG1 responses
(Shimura et al., 2016). Here, we examine the effetanother type of barrier
disruptioni.e. skin treatment with detergent, sodium dodecylaal{SDS also known
as sodium lauryl sulfate), mimicking barrier distiop induced by daily use of soap,
shampoo, and skin/hair care products, upon e.@ipaensitization and atopic march
upon subsequent airway exposure to low-dose pgfmifurther information on
materials and methods s@aline M ethods). Mice were used in accordance with the

guidelines of the Institutional Committee on animgberiments.

Papain solution was applied onto ear lobes withitrout skin SDS pretreatment
(Fig. 1a). Papain plus the SDS pretreatment induced sggmfielevations in serum
total IgE and papain-specific IgE/IgG1 leveisd. 1b andSupplementary Fig. S1). On
the other hand, e.c. administration of ovalbumahrtbt induce antibody response with

or without the skin SDS pretreatmeftd. 1c). In the “SDS model”, papain induced



increased epidermal thickness and cellular infitrainto the dermisKig. 1d, €),
although it was much smaller than in the “tapeaping model”, which induced
remarkable ear swellindgr(g. 1f). Environmental proteases including papain degrade
tight junction molecules, may also loosen the stratorneum protein structure, and
can stimulate various types of cells such as epidekeratinocytes, airway epithelial
cells, basophils, mast cells, and so on (Takailkeda, 2011; Nakamura et al., 2006;
Kato et al., 2005; Kamijo et al., 2013; Stremniteeal., 2015; Seaf et al., 2016). We
assume that combination of the stratum corneumepatefect, which is induced by the
pretreatment of skin with SDS or tape stripping] #re tight junction barrier defect and
innate immune responses, which are induced bygelteprotease, might be essential to
their cooperation.

Cytokines derived from keratinocytes or epitilatells, such as thymic stromal
lymphopoietin (TSLP) and IL-33, have important sole Th2-skewed sensitization and
development of allergic diseases (Ziegler, 2013r@and Girard, 2014).
IL-33-deficiency (Oboki et al., 2010) did not degse antibody response in the e.c.
sensitization phase with or without the SDS pretneat Fig. 2b) similarly to the
tape-stripping model (Shimura et al., 2016). Aftex e.c. sensitization, mice were i.n.
challenged with low-dose papaiRi¢. 2a), which induced no significant responses in
mice without e.c. presensitization to papain. dhmallenge induced eosinophilic airway
inflammation Fig. 2c andSupplementary Fig. S2) and maintenance of papain-specific
IgE levels Fig. 2d, middle) in wild-type but not IL-33 mice. Mice deficient with the
receptor for TSLP (TSLPR) showed less antibodyarse than wild-type mice in the
SDS model[ig. 2e) but not in the tape-stripping modéig. 2f andSupplementary

Fig. $4). Restimulation of skin draining lymph node celtdlected after six times of e.c.



papain administration in the SDS modeilg. 2g) induced increased release of Th2
cytokines, IL-5 and IL-13, in wild-type mice andais markedly reduced in TSLPR
mice Fig. 2h andSupplementary Fig. S5). I.n. challenge after six times of e.c. papain
administration induced severe lung eosinophiliwiid-type mice in the SDS model,
which was significantly attenuated in TSLPRnice Fig. 2i andSupplementary Fig.
S6).

Distinct features were observed between the &Rape-stripping modeise.
the e.c. sensitization was partially dependentenliSLP-TSLPR pathway in the SDS
model but not the tape-stripping model and dermsatiluced was much more severe in
the tape-stripping modeFigs. 1e, f and2e, f). Different effects on skin homeostasis by
detergent (Torma et al., 2008) and tape strippNapéo et al., 2012) could be causes
for the different features between the two modathough mechanisms are yet to be
investigated. In a model of e.c. sensitizationvallbumin by painting it to shaved,
SDS-pretreated back skin, ovalbumin-specific Igédpiction was almost absent in
TSLPR" mice and was not dependent on IL-33 (Muto e8i14). Thus, dependency
on the TSLP-TSLPR pathway in e.c. sensitizatioprtiein antigens could be variable
according to the types of barrier dysfunction guadnt activity of stimuli, while 1L-33
seems to be dispensable.

We consider that the attenuated lung eosiniapilTSLPR™ mice ig. 2i) could
be mainly due to the attenuated Th2 sensitizatedarb i.n. challengeHg. 2h) and in
part due to the lack of signaling mediated by ayndarived TSLP, because contribution
of the TSLP-TSLPR pathway to atopic march indudeéer &our times of e.c. papain
administration was ambiguouSupplementary Fig. S3b, ¢) compared to the apparent

contribution of IL-33 Fig. 2c, d) and TSLP contributes to an i.n. papain sensitinat



model at a smaller extent than IL-33 (our unpul@égbbservations).

In conclusion, we showed that detergent-mediskén damage further promotes the
IgE/IgG1 responses and Th2 differentiation in tlee gensitization to protease allergen,
and that TSLP and IL-33 contribute to e.c. papamsgization and atopic march upon
subsequent airway low-dose encounter with the psat@llergen, respectively
(Supplementary Fig. S7). The SDS and tape-stripping models of e.c. papain
sensitization showed distinct features, suggeshtiagdetergent-mediated and mechanical
(such as scratching-mediated) barrier damages peopnotease allergen-dependent e.c.
sensitization in different manners. These modelslavbe useful for elucidation of
differential mechanisms underlying e.c. sensit@atowards atopic march specific to the
types of barrier dysfunction and adjuvant actiwtiich are mediated by environmental

proteases, detergent, mechanical damage, or theibinations.

Mice were maintained in a specific pathogen-free animal facility at Sankyo Labo
Service Corporation (Ibaraki, Japan), were transferred to that at Juntendo University,
and were used in accordance with the guidelines of the I nstitutional Committee on

animal experiments.
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Figure L egends

Fig. 1. Skin treatment with SDS promoted epicutaneous sensitization to papain. (a)
Time line. Papaink d-f) or ovalbumin (10 mg/ml)dj was administered onto the
surface of both ears with or without SDS pretreatinge-e) or tape strippingf} in mice.
(b, ) Serum antibodiesd] Histology. €, f) Ear swelling. P < 0.05 by the
Mann-WhitneyU test p, c, f) and byt-test €). Data represent the mean = SD obbdr
10-11 mice €) or 8 ) or 4 ) ears per group. e.c.. epicutaneous administra@A.:

ovalbumin. Scale bar = 5m.

Fig. 2. Responsesin IL-33" and TSLPR™ micein the sensitization phase of the

SDS modd of epicutaneous papain sensitization and the subsequent effector phase
of atopic march in airway. (a, g) Time lines & for b-f; g for h, i). Papain (10 mg/ml)
was administered onto the surface of both ears evithithout SDS pretreatmertt-€, h,
1) or tape strippingf} in mice. p, d-f) Serum antibodiesc(i) Eosinophilic airway
inflammation after i.n. challenge with low-dose pap(2.5 pg). lt) Cytokine release in
restimulated skin draining cervical lymph node £efP < 0.05by ANOVA except forc
(t-test).#P < 0.05 ind versus before i.n. challenge) by paired-test. ns: no significant
difference inf. Data represent the mean + SD of 44i(f), 4-9 €), or 5-9 () mice per
group or triplicate culture well$hy. Detection limits are indicated by dotted linesi
e.c.: epicutaneous sensitization. i.n.: intranaekallenge. BAL: bronchial alveolar

lavage. DLN: draining lymph node.
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