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Summary
Here we report that Th2 cytokines increase kallikrein 7 expression and function in keratinocytes.
Our finding describes a link between the Th2 environment and epidermal barrier dysfunction in
atopic dermatitis.
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To the Editor;

Atopic dermatitis (AD) is a chronic pruritic inflammatory skin disorder characterized by a
Th2 environment and epidermal barrier dysfunction.1, 2 A primary defect in the epidermal
barrier has been proposed as the initial event in the development of AD since loss-of-
function mutations in filaggrin gene are associated with AD.2 Excessive protease activity is
another characteristic abnormality affecting the epidermal barrier in AD. Human tissue
kallikreins (KLKs) are secreted serine proteases encoded by 15 genes located on
chromosome 19, and in the skin, KLK5 and KLK7 are known as major serine proteases.
These proteases degrade corneodesmosome proteins such as desmoglein 1, desmocollin 1,
and corneodesmosin, leading to desquamation.3 KLK8 and KLK14 also have been shown to
be involved in skin desquamation.3 While KLK5, KLK8 and KLK14, trypsin-like serine
proteases, cleave carboxyl side of arginine or lysine, KLK7, a chymotrypsin-like serine
protease, cleaves carboxyl side of tyrosine or phenylalanine. Increase in KLKs expression
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has been reported in the epidermis of AD, and the increase in KLK7 expression is prominent
among KLKs.4 An association between genetic variations of KLK7 and AD have been also
reported.3 Netherton syndrome patients who have a defect of lympho-epithelial Kazal-type
related inhibitor (LEKTI), a serine protease inhibitor that could control excessive KLK
activity, develop AD-like lesions.3 Correspondently, the overexpression of human KLK7 in
murine epidermis results in chronic itchy dermatitis which is similar to chronic AD.3 These
findings suggest that an increase in KLK7 expression is involved in AD pathogenesis,
though the regulation of KLKs expression in AD has not been fully studied.

We sought molecular mechanisms that might explain a KLK7 increase in AD and
hypothesized that some inflammatory cytokines expressed in AD lesions induce KLK7
expression in keratinocytes. We stimulated normal human epidermal keratinocytes (NHEKs)
with panels of inflammatory cytokines and revealed by ELISA analysis that Th2 cytokines;
IL-4 (50 ng/ml) and IL-13 (50 ng/ml), significantly induced KLK7 expression in the
cultured media but Th1 cytokines; IFN-γ (100 U/ml) and IL-12 (50 ng/ml), and Th17
cytokines; IL-17A (50 ng/ml), IL-22 (50 ng/ml), and IL-23 (50 ng/ml), did not (Fig 1A, see
the Materials and Methods section in this article’s Online Repository at
www.jacionline.org). IL-33 (50 ng/ml), a pro-Th2 cytokine that has been recently
highlighted as a strong inducer of Th2 cytokines in Th2 lymphocytes,1 did not affect KLK7
expression in NHEKs. We also confirmed that IL-4 (50 ng/ml) and IL-13 (50 ng/ml)
significantly induced KLK7 mRNA expression in NHEKs (Fig 1B, see the Materials and
Methods section in this article’s Online Repository at www.jacionline.org). On the other
hand, KLK5 and KLK8 expression was not altered by these Th2 cytokines (Fig 1C and D).
KLK14 expression was not consistently detectable in cultured keratinocytes (data not
shown). We also examined the effect on LEKTI, elafin, and secretory leukocyte protease
inhibitor, which are serine protease inhibitors expressed by keratinocytes, but their
expression was not affected (Fig 1E–G). Filaggrin and loricrin expression was significantly
decreased by Th2 cytokines as previously reported (Fig 1H and I).5 Protease assays using
specific substrates were performed to examine if serine protease activities increase in
parallel to protein and mRNA level (see the Materials and Methods section in this article’s
Online Repository at www.jacionline.org). As expected, KLK7 activity, namely,
chymotrypsin-like serine protease activity, was significantly enhanced by IL-4 (50 ng/ml)
and IL-13 (50 ng/ml) (Fig 2A). Trypsin-like serine protease activity, the activity such as
KLK5, KLK8, and KLK14, was not changed (Fig 2B). In addition to in vitro data, the
analyses by real-time PCR and immunohistochemistry showed an increase in KLK7
expression in AD lesions compared with normal skin (Fig 2C and D, see the Materials and
Methods section in this article’s Online Repository at www.jacionline.org). Further, KLK7
protein level in the sera of AD patients significantly correlated with IL-4 amounts in the sera
(Fig 2E, see the Materials and Methods section in this article’s Online Repository at
www.jacionline.org).

Th2 cytokines are generally expressed by Th2 lymphocytes, basophils, eosinophils and mast
cells, and play roles in Th2 cell differentiation, IgE production, eosinophil recruitment, and
so forth.1 These cytokines also affect epidermal barrier functions through STAT6 as IL-4
and IL-13 decrease expressions of filaggrin, loricrin, and involucrin in keratinocytes.5

Hatano et al. reported that IL-4 suppresses the expression of ceramide and cutaneous
permeability barrier functions induced by TNF-α and IFN-γ and the recovery of cutaneous
permeability barrier dysfunction in vivo.5, 6 Desmoglein 3 expression is also inhibited by
IL-4.5 IL-4 transgenic mice spontaneously develop AD-like dermatitis, which supports the
importance of Th2 cytokines in AD pathogenesis.1 We here report how Th2 cytokines could
further alter the skin barrier by showing that IL-4 and IL-13 increase KLK7 expression and
function in keratinocytes. Excessive protease activity is known to induce epidermal barrier
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dysfunction, thus the increase in KLK7 by IL-4 and IL-13 would count on the skin barrier
disruption in AD.

Interestingly, among skin KLKs, only KLK7 is a chymotrypsin-like serine protease, and
others are trypsin-like serine proteases. Chymotrypsin-like serine protease KLK7 degrades
human cathelicidin antimicrobial peptide LL-37,7 and decrease in LL-37 is documented in
AD skin.8 Along with cathelicidin mRNA suppression by IL-4 and IL-13,9 the increase in
KLK7 by IL-4 and IL-13 would further decrease antimicrobial skin barrier in AD. Taken
together with previous reports suggesting the association between KLK7 and AD, the
enhancement of protease activity through increased KLK7 expression by Th2 cytokines IL-4
and IL-13 might be an important factor for mechanical and chemical epidermal barrier
dysfunction in AD.
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Abbreviations

AD atopic dermatitis

KLKs kallikreins

LEKTI Lympho-epithelial Kazal-type-related inhibitor

NHEKs normal human epidermal keratinocytes
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Figure 1.
(A) NHEKs were treated with inflammatory cytokines and KLK7 protein in the cultured
media was measured by ELISA. (B–I) NHEKs were stimulated with IL-4 (50 ng/ml) or
IL-13 (50 ng/ml) and the relative mRNA abundance of KLK7 (KLK7), KLK5 (KLK5),
KLK8 (KLK8), LEKTI (SPINK5), elafin (PI3), SLPI (SLPI), filaggrin (FLG) and loricrin
(LOR) were analysed by real-time PCR. *p<0.05, **p<0.01. Data are mean ± SEM of
triplicate samples and representative of three independent experiments.
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Figure 2.
(A–B) NHEKs were stimulated with IL-4 (50 ng/ml) or IL-13 (50 ng/ml) and chymotrypsin-
like (A) or trypsin-like (B) serine protease activity was measured using the specific
substrates. *p<0.05, ***p<0.001. Data are mean ± SEM of triplicate samples and
representative of three independent experiments. (C) KLK7 mRNA expression was analysed
by real-time PCR and normalized with the mean of normal skins. *p<0.05. (D) KLK7
protein expression was examined by immunohistochemistry. Bar = 100 µm. (E) KLK7 and
IL-4 level in the serum of AD patients were measured by ELISA and the correlation was
analysed with Spearman’s rank correlation coefficient.
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