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Abstract: Tight junction (TJ) is one of the functional barriers
present in the skin. Although topical corticosteroids and calcineurin
inhibitors are used widely for atopic dermatitis, the effect of these
agents on TJs has not been reported. We investigated the structural
changes of TJs in mice skin after application of 0.05% clobetasol
propionate or 0.1% tacrolimus ointment for 10 days. Clobetasol
caused epidermal thinning and decreased collagen density. Basal
transepidermal water loss was significantly increased in clobetasol-
treated versus vehicle- or tacrolimus-treated skin. Confocal
immunofluorescence showed that clobetasol altered the structure of
claudin-1,-4 and occludin. Tacrolimus also caused morphological

alteration of occludin. Western blot and real-time PCR revealed
that clobetasol significantly decreased claudin-1,-4 and occludin,
whereas tacrolimus did not significantly affect claudin-1 and -4 but
downregulated occludin to a lesser extent compared to clobetasol.
In conclusion, we suggest that downregulation of TJ proteins
expression is another pathomechanism of corticosteroid-induced
permeability barrier disruption.
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Background

Topical corticosteroids and topical calcineurin inhibitors (TCIs),
the two main topical medications for atopic dermatitis (AD), have
different effects on the epidermal permeability and antimicrobial
barriers (1-6). The functional barrier of the skin resides mainly in
the stratum corneum (SC), but there is evidence that tight junc-
tion (TJ)s also contribute to the permeability barrier (7-10).
Moreover, TJs function as an immunological barrier by regulating
antigen uptake (11). TJs are regulated by numerous stimuli, such
as pathogens, UV irradiation and wounding (12-14). While the
regulation of TJs in response to external stimuli is important, the
effect of topical corticosteroids and TCIs on the TJ proteins
expression remains uninvestigated.

Question addressed

We investigated whether topical corticosteroids and TCIs affect
epidermal TJ protein expression and structure. The different
effects of topical corticosteroids and TCIs on barrier function and
morphology of mouse skin were also investigated.
Experimental design

For experimental procedures, see Data SI.

Results

Application of clobetasol for 10 days led to skin atrophy, telangi-
ectasia (Fig. S1), epidermal thinning (Fig. S2) and a decrease in
collagen density (not shown) compared with untreated controls or
tacrolimus-treated mice. Basal transepidermal water loss (TEWL)
increased significantly in clobetasol-treated versus vehicle- or
tacrolimus-treated area on day 7 and 11, suggesting that topical
corticosteroid impairs permeability barrier function (Fig. S3).
Basal TEWL does not represent SC lipid composition, hydration
or capacity for barrier recovery. Therefore, although we showed

that tacrolimus did not increase basal TEWL, it remains to be
ascertained whether tacrolimus does not affect the permeability
barrier homeostasis. Next, we investigated whether topical cortico-
steroid or tacrolimus affects T] protein expression using immuno-
fluorescence staining. In untreated skin, claudin (Cldn)-1 was
found in suprabasal keratinocytes, while Cldn-4 was restricted to
the stratum granulosum (SG) and the upper stratum spinosum
(Fig. 1a,e). Cldn-1 and -4 expression was found markedly reduced
in clobetasol-treated versus untreated or vehicle-treated skin
(Fig. 1b,c,f,g). In contrast, there were no obvious changes after
tacrolimus compared to vehicle treatment (Fig. 1d,h). The immu-
noreactivity of occludin (Ocln), which is normally found to be
restricted in the SG, was reduced and distributed as dots in both
clobetasol- and tacrolimus-treated versus vehicle-treated skin
(Fig. 1i-1). By western blot analysis, Cldn-1 and -4 protein levels
were significantly decreased in clobetasol-treated versus skin
treated with vehicle, whereas no alterations were seen in tacroli-
mus-treated skin (Fig. 2a). In contrast, we observed a similar
trend towards decreased Ocln in both clobetasol- and tacrolimus-
treated versus vehicle-treated skin (Fig. 2a). By real-time PCR,
clobetasol significantly decreased mRNA expression of Cldn-1,
Cldn-4 and Ocln (Fig. 2b—d). In contrast, Cldn-1 and -4 mRNA
levels did not change significantly in control versus tacrolimus-
treated skin (Fig. 2b,c). The mRNA level of Ocln significantly
decreased after tacrolimus treatment compared to control skin
(Fig. 2d). These gene expression results were consistent with the
protein expression data.

Discussion

In this study, we demonstrated a different effect of topical cortico-
steroid and TCIs on the expression of TJ proteins, permeability
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Figure 1. The effect of topical corticosteroid (0.05% clobetasol propionate
ointment) and calcineurin inhibitor (0.1% tacrolimus ointment) on the expression
of immunoreactive tight junction (TJ) proteins in mouse skin. The dorsal skin of
mouse was treated with clobetasol propionate, tacrolimus or hydrophillic base
ointment (vehicle) as a vehicle, twice daily for 10 days (n = 4 in each group).

At 24 h after last treatment, treated skin samples from steroid (c, g, k), tacrolimus
(d, h, 1) or vehicle-treated skin (b, f, j) were collected and immunostained for
claudin (Cldn)-1, Cldn-4 and occludin (Ocln). (Cldn-1, Cldn-4: x400 original
magnification, OcIn: x600 original magnification).
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Figure 2. The effect of topical corticosteroid (0.05% clobetasol propionate
ointment) and calcineurin inhibitor (0.1% tacrolimus ointment) on the protein and
MRNA levels of tight junction (TJ) proteins in mouse skin. (a) The levels of protein
for claudin (Cldn)-1, Cldn-4 and occludin (Ocln) were determined using Western
blot analysis. Epidermal lysates from the biopsy specimens from steroid, tacrolimus
and vehicle-treated area were incubated with monoclonal antibodies for Cldn-1,
Cldn-4 and Ocln. Equal amounts of proteins were separated, and f-actin was used
as a loading control. (b—d) The levels of mRNA for Cldn-1, Cldn-4 and OcIn were
determined using real-time PCR and normalized to that of f-actin. Results are
expressed as mean + SEM. *P<0.05; **P<0.001 (Student’s t-test).

barrier function and morphology of mouse skin. Topical corticoste-
roid downregulated gene and protein expressions of T] compo-
nents, including Cldn-1, -4 and Ocln and altered TJ structures. TCI
did not alter the gene and protein expression of Cldn-1 and -4,
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Supporting Information

Additional Supporting Information may be found in
the online version of this article:

Data S1. Experimental design.

Figure S1. Phenotype changes observed in mice trea-
ted with 0.05% clobetasol propionate ointment or 0.1%
tacrolimus twice daily for 10 days.

Figure S2. Topical application of 0.05% clobetasol
propionate ointment for 10 days caused epidermal
thinning compared to vehicle- or tacrolimus-treated
skin (H&E stain x200).

Figure S3. Topical steroid impaired epidermal
permeability barrier function in murine skin.
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Data S1. Experimental design

Female hairless mice, aged 6-8 weeks, were treated topically on the back with 0.05%
clobetasol propionate ointment, 0.1% tacrolimus ointment or hydrophillic base ointment
(Samapharm Co, Seoul, Korea) as a vehicle (n=4 in each group) twice daily for 10 days, or left
untreated (control, n=3). Basal transepidermal water loss (TEWL) was measured on days 1
(before the treatment), 4, 7 and at 24 hours after the last treatment, using a Tewameter TM 210
(Courage & Khazaka, Cologne, Germany). Skin samples were taken 24 hours after the last
application. Hematoxylin and eosin (H&E) and Masson'’s trichrome stains were performed to
analyze morphologic changes. The expression of TJ proteins, including claudin (Cldn)-1, Cldn-
4, and occludin (Ocln) was examined in frozen sections by immunofluorescence staining with
monoclonal antibodies (Zymed Laboratories, San Francisco, CA) and examined by confocal
microscopy (Nikon, Tokyo). Protein levels of CIn-1, Cldn-4, and Ocln were determined by
Western blot analysis using the same antibodies. Quantitative real-time PCR was performed
using the Tagman gene expression assay and the ABI StepOne real-time PCR machine

(Applied Biosystems).
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