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Abbreviations 

e.c.: epicutaneous, epicutaneously 

i.n.: intranasal, intranasally 

SDS: sodium dodecyl sulfate also known as sodium lauryl sulfate 

TSLP: thymic stromal lymphopoietin 

TSLPR: TSLP receptor 

 

KEYWORDS: Epicutaneous sensitization; Murine model; Protease allergen; 

Detergent; Thymic stromal lymphopoietin; IL-33
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TO THE EDITOR 

Skin is considered as a major route for allergen sensitization in not only atopic 

dermatitis but also “atopic march”, the natural progression of allergic diseases in which 

development of atopic dermatitis predates that of food allergy, asthma, or allergic 

rhinitis (Egawa and Kabashima, 2016). Proteases contained in allergen sources are 

frequently allergens themselves and the protease activity has been shown to cause 

barrier dysfunction in the mucosal epithelium and skin and stimulate various types of 

cells (Takai and Ikeda, 2011). A model protease allergen, papain, induces IgE/IgG1 

responses upon intranasal (i.n.) (Kamijo et al., 2013) or epicutaneous (e.c.) 

administration in mice. Papain can cause e.c. sensitization even when applied onto 

intact ear skin (Iida et al., 2014) and tape stripping of ear skin prior to the e.c. papain 

administration remarkably promotes dermatitis and accelerates the IgE/IgG1 responses 

(Shimura et al., 2016). Here, we examine the effects of another type of barrier 

disruption i.e. skin treatment with detergent, sodium dodecyl sulfate (SDS also known 

as sodium lauryl sulfate), mimicking barrier disruption induced by daily use of soap, 

shampoo, and skin/hair care products, upon e.c. papain sensitization and atopic march 

upon subsequent airway exposure to low-dose papain (for further information on 

materials and methods see Online Methods). Mice were used in accordance with the 

guidelines of the Institutional Committee on animal experiments. 

    Papain solution was applied onto ear lobes with or without skin SDS pretreatment 

(Fig. 1a). Papain plus the SDS pretreatment induced significant elevations in serum 

total IgE and papain-specific IgE/IgG1 levels (Fig. 1b and Supplementary Fig. S1). On 

the other hand, e.c. administration of ovalbumin did not induce antibody response with 

or without the skin SDS pretreatment (Fig. 1c). In the “SDS model”, papain induced 
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increased epidermal thickness and cellular infiltration into the dermis (Fig. 1d, e), 

although it was much smaller than in the “tape-stripping model”, which induced 

remarkable ear swelling (Fig. 1f). Environmental proteases including papain degrade 

tight junction molecules, may also loosen the stratum corneum protein structure, and 

can stimulate various types of cells such as epidermal keratinocytes, airway epithelial 

cells, basophils, mast cells, and so on (Takai and Ikeda, 2011; Nakamura et al., 2006; 

Kato et al., 2005; Kamijo et al., 2013; Stremnitzer et al., 2015; Seaf et al., 2016). We 

assume that combination of the stratum corneum barrier defect, which is induced by the 

pretreatment of skin with SDS or tape stripping, and the tight junction barrier defect and 

innate immune responses, which are induced by allergen protease, might be essential to 

their cooperation. 

    Cytokines derived from keratinocytes or epithelial cells, such as thymic stromal 

lymphopoietin (TSLP) and IL-33, have important roles in Th2-skewed sensitization and 

development of allergic diseases (Ziegler, 2012; Cayrol and Girard, 2014). 

IL-33-deficiency (Oboki et al., 2010) did not decrease antibody response in the e.c. 

sensitization phase with or without the SDS pretreatment (Fig. 2b) similarly to the 

tape-stripping model (Shimura et al., 2016). After the e.c. sensitization, mice were i.n. 

challenged with low-dose papain (Fig. 2a), which induced no significant responses in 

mice without e.c. presensitization to papain. I.n. challenge induced eosinophilic airway 

inflammation (Fig. 2c and Supplementary 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 antibody response than wild-type mice in the 

SDS model (Fig. 2e) but not in the tape-stripping model (Fig. 2f and Supplementary 

Fig. S4). Restimulation of skin draining lymph node cells collected after six times of e.c. 
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papain administration in the SDS model (Fig. 2g) induced increased release of Th2 

cytokines, IL-5 and IL-13, in wild-type mice and it was markedly reduced in TSLPR-/- 

mice (Fig. 2h and Supplementary Fig. S5). I.n. challenge after six times of e.c. papain 

administration induced severe lung eosinophilia in wild-type mice in the SDS model, 

which was significantly attenuated in TSLPR-/- mice (Fig. 2i and Supplementary Fig. 

S6).  

    Distinct features were observed between the SDS and tape-stripping models, i.e. 

the e.c. sensitization was partially dependent on the TSLP-TSLPR pathway in the SDS 

model but not the tape-stripping model and dermatitis induced was much more severe in 

the tape-stripping model (Figs. 1e, f and 2e, f). Different effects on skin homeostasis by 

detergent (Torma et al., 2008) and tape stripping (Nagao et al., 2012) could be causes 

for the different features between the two models, although mechanisms are yet to be 

investigated. In a model of e.c. sensitization to ovalbumin by painting it to shaved, 

SDS-pretreated back skin, ovalbumin-specific IgE production was almost absent in 

TSLPR-/- mice and was not dependent on IL-33 (Muto et al., 2014). Thus, dependency 

on the TSLP-TSLPR pathway in e.c. sensitization to protein antigens could be variable 

according to the types of barrier dysfunction or adjuvant activity of stimuli, while IL-33 

seems to be dispensable.  

    We consider that the attenuated lung eosinophilia in TSLPR-/- mice (Fig. 2i) could 

be mainly due to the attenuated Th2 sensitization before i.n. challenge (Fig. 2h) and in 

part due to the lack of signaling mediated by airway-derived TSLP, because contribution 

of the TSLP-TSLPR pathway to atopic march induced after four times of e.c. papain 

administration was ambiguous (Supplementary Fig. S3b, c) compared to the apparent 

contribution of IL-33 (Fig. 2c, d) and TSLP contributes to an i.n. papain sensitization 
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model at a smaller extent than IL-33 (our unpublished observations). 

    In conclusion, we showed that detergent-mediated skin damage further promotes the 

IgE/IgG1 responses and Th2 differentiation in the e.c. sensitization to protease allergen, 

and that TSLP and IL-33 contribute to e.c. papain sensitization and atopic march upon 

subsequent airway low-dose encounter with the protease allergen, respectively 

(Supplementary Fig. S7). The SDS and tape-stripping models of e.c. papain 

sensitization showed distinct features, suggesting that detergent-mediated and mechanical 

(such as scratching-mediated) barrier damages promote protease allergen-dependent e.c. 

sensitization in different manners. These models would be useful for elucidation of 

differential mechanisms underlying e.c. sensitization towards atopic march specific to the 

types of barrier dysfunction and adjuvant activity, which are mediated by environmental 

proteases, detergent, mechanical damage, or their combinations. 

 

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 Institutional Committee on 

animal experiments.   
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Figure Legends 

Fig. 1. Skin treatment with SDS promoted epicutaneous sensitization to papain. (a) 

Time line. Papain (b, d-f) or ovalbumin (10 mg/ml) (c) was administered onto the 

surface of both ears with or without SDS pretreatment (b-e) or tape stripping (f) in mice. 

(b, c) Serum antibodies. (d) Histology. (e, f) Ear swelling. *P < 0.05 by the 

Mann-Whitney U test (b, c, f) and by t-test (e). Data represent the mean ± SD of 5 (b) or 

10-11 mice (c) or 8 (e) or 4 (f) ears per group. e.c.: epicutaneous administration. OVA: 

ovalbumin. Scale bar = 50 µm. 

 

Fig. 2. Responses in IL-33-/- and TSLPR-/- mice in the sensitization phase of the 

SDS model of epicutaneous papain sensitization and the subsequent effector phase 

of atopic march in airway. (a, g) Time lines (a for b-f; g for h, i). Papain (10 mg/ml) 

was administered onto the surface of both ears with or without SDS pretreatment (b-e, h, 

i) or tape stripping (f) in mice. (b, d-f) Serum antibodies. (c, i) Eosinophilic airway 

inflammation after i.n. challenge with low-dose papain (2.5 µg). (h) Cytokine release in 

restimulated skin draining cervical lymph node cells. *P < 0.05 by ANOVA except for c 

(t-test). #P < 0.05 in d versus before i.n. challenge (b) by paired t-test. ns: no significant 

difference in f. Data represent the mean ± SD of 4-6 (b-d, f), 4-9 (e), or 5-9 (i) mice per 

group or triplicate culture wells (h). Detection limits are indicated by dotted lines in h. 

e.c.: epicutaneous sensitization. i.n.: intranasal challenge. BAL: bronchial alveolar 

lavage. DLN: draining lymph node. 
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