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Summary Background Langerhans cells (LCs) function as specialized antigen-presenting cells in the

epidermis, and therefore play a critical role in cutaneous immunological reactions. Topical

treatment with corticosteroids is associated with a decrease in epidermal LC number and antigen-

presenting capacity in laboratory animals and humans.

Objectives To examine whether pimecrolimus, a nonsteroidal inflammatory cytokine inhibitor

recently introduced for the topical treatment of atopic dermatitis, differs from corticosteroids in

effects on LCs.

Methods Groups of BALB ⁄ c mice were treated twice daily on one to five consecutive days on the

inner surface of the right ear with 10 lL of ethanolic solutions of the test compounds at their

clinically used concentrations (1% pimecrolimus, 0Æ1% betamethasone-17-valerate, 1% hydrocor-

tisone and 0Æ05% clobetasol propionate) or with the vehicle (controls) alone. At selected time points

after the treatment epidermal sheets were prepared and examined histomorphometrically for LCs

immunolabelled with antibodies to major histocompatibility complex (MHC) class II and DEC 205,

and adenosine diphosphatase staining.

Results No changes in number or morphology of LCs were observed in epidermal sheets of mice

treated for 5 days with pimecrolimus. In contrast, an almost complete depletion of LCs was observed

in skin samples treated with hydrocortisone, betamethasone or clobetasol. Even a single-day

treatment schedule with hydrocortisone, betamethasone or clobetasol caused a significant reduc-

tion in MHC class II+ LCs, by 31%, 62% and 87%, respectively.

Conclusions It is therefore unlikely that topically applied pimecrolimus affects epidermal LCs, in

contrast to corticosteroids.
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Topical application of drugs aims at local therapeutic

intervention while avoiding potential unwanted effects

associated with systemic administration of medicinal

products. Nevertheless, local treatment regimens result-

ing in local or systemic toxicity after percutaneous

absorption have been reported. Side-effects of glucocor-

ticoids, which are widely used topically in the treatment

of inflammatory skin conditions, are well-known exam-

ples. Striae, epidermal and dermal atrophy, acne,

perioral dermatitis, rosacea, purpura or telangiectasia

are gross clinical signs frequently observed after use of

glucocorticoids.1 Microscopic changes are a decrease in

numbers of epidermal Langerhans cells (LCs).2–6 LCs

function as specialized antigen-presenting cells in the

epidermis, and therefore play a critical role in cutaneous

immunological reactions.7,8 Additionally, LCs may

function as anti-inflammatory agents because a

decrease in number and function has been associated

with an enhanced inflammatory reaction of the skin.9
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As the new nonsteroidal cream pimecrolimus (SDZ ASM

981, Elidel�) has recently been introduced for the

topical treatment of atopic dermatitis,10–12 we were

interested to know if it would have a different effect on

LCs than the older treatments, topical corticosteroids.

We therefore investigated the effect of topical adminis-

tration of pimecrolimus, an inflammatory cytokine

inhibitor specifically developed for the treatment of

inflammatory skin diseases, with that of corticosteroids

of various potencies on LC density in skin of treated

mice. All compounds were tested in the same experi-

mental setting at their clinically used concentrations.

Materials and methods

Laboratory animals

Ten- to 12-week-old female BALB ⁄ cAnNCrl mice were

used. The animals were supplied by Charles River

(Sulzfeld, Germany) and maintained conventionally

under standard animal house conditions with standard

laboratory chow (SNIFF� R ⁄ M-H diet for mice and rats;

Soest, Germany) and drinking water given ad libitum.

In each study, groups of four mice were used after an

acclimatization period of 8–10 days. The animals were

used according to an approved protocol under licence

no. MA 4008 ⁄ 99 (Magistratsabteilung Nr. 58, Amt der

Wiener Landesregierung).

Test compounds, formulation and application

Pimecrolimus was synthesized at Novartis Pharma AG

(Basle, Switzerland). Hydrocortisone, betamethasone-

17-valerate and clobetasol propionate were obtained

from Sigma-Aldrich (Vienna, Austria). The test com-

pounds were dissolved daily in ethanol at their clinically

used concentrations (1% pimecrolimus, 1% hydrocorti-

sone, 0Æ1% betamethasone-17-valerate and 0Æ05% clo-

betasol propionate), and 10 lL of the solutions or vehicle

(controls) were applied to the inner surface of the right

auricle, twice a day on five consecutive days. In follow-

up studies mice were treated only for 1, 2, 3 or 4 days in

order to evaluate the minimal treatment period associ-

ated with a significant reduction of LC numbers.

Immunocytological ⁄ histochemical labelling of Langerhans

cells in epidermal sheets

Antibodies against murine major histocompatibility

complex (MHC) class II and DEC 205 (a multilectin

receptor for adsorptive endocytosis, expressed in

murine dendritic cells13) as well as adenosine diphos-

phatase (ADPase) staining were used to label LCs in

epidermal sheets. Epidermal sheets from all test sites

were prepared with an ammonium thiocyanate separ-

ation technique14 3 days after the last application in

all treatment groups and for recovery studies 11, 27

or 45 days after the last application of the 5-day

treatment schedule. LCs were labelled with a single

(anti-MHC class II) or a double (anti-MHC class II and

anti-DEC 205) immunostaining procedure.

Single immunolabelling. The acetone-fixed sheets were

incubated for 1 h at 37 �C with fluorescein isothiocy-

anate (FITC)-labelled antimouse MHC class II mono-

clonal antibody (mAb) (I-Ad; clone AMS-32.1;

PharMingen, San Diego, CA, U.S.A.; 1 : 500), washed,

and then mounted dermal side up in Dako Fluorescent

Mounting Medium (Dako, Glostrup, Denmark) on glass

slides for fluorescence microscopy.

Double immunolabelling. The acetone-fixed sheets were

incubated with a biotinylated antimouse MHC class II

mAb (as above) for 16 h at 4 �C, then reacted with

Texas red ⁄ streptavidin (Amersham, Freiburg, Germany;

1 : 600) for 1 h at 37 �C. After washes the sheets were

counterstained with a rat antimouse DEC 205 mAb

(clone NLDC-145; Serotec, Oxford, U.K.; undiluted

hybridoma culture supernatant) for 16 h at 4 �C,

followed by a FITC-conjugated F(ab)2 goat antirat IgG

antibody (Biosource, Camarillo, CA, U.S.A.; 1 : 750) for

1 h at 37 �C and processed as above. Immuno-

cytochemical controls included irrelevant isotype-

matched mAbs; these consistently yielded negative

results.

Adenosine diphosphatase staining. ADPase staining of

paraformaldehyde-fixed sheets was performed accord-

ing to the technique of Chaker et al.15 with the

substrate at 0Æ33 mmol L)1 concentration.

Counting. Immunocytologically ⁄ histochemically labell-

ed cells were counted in 10–30 randomly chosen

microscopic fields [· 400 and ·650 (ADPase), respect-

ively] in each epidermal sheet with the help of rectan-

gular grids and expressed as cells mm)2 epidermal sheet.

The evaluation was performed in a coded fashion.

Statistical analysis. For statistical analyses the square

roots of the data were compared using ANOVA, and the

Tukey post hoc test was applied for pairwise compar-

isons using the software program Systat V10.
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Results

In the first series of studies, in which a 5-day treatment

schedule was applied, depletion of MHC class II+ cells

was almost total in epidermal sheets examined 3 days

after the last application of 1% hydrocortisone, 0Æ1%

betamethasone-17-valerate or 0Æ05% clobetasol prop-

ionate. In contrast, neither significant numerical nor

morphological changes in LCs were observed in test

sites exposed to topical 1% pimecrolimus (Fig. 1).

Because the deleterious effect of the corticosteroids

was similar, independently of their different potencies,

we evaluated the recovery period and the minimal

treatment schedules resulting in LC depletion. A

tendency towards recovery after the 5-day treatment

schedule was seen earliest in hydrocortisone-treated

mice, on day 32 (45% of controls, Fig. 2). On day 50,

the density of MHC class II+ cells in clobetasol-treated

samples still differed significantly (by 74%) from

controls, whereas recovery in hydrocortisone- or beta-

methasone-treated animals had almost been achieved

(Fig. 2). A significant reduction in epidermal MHC class

II+ LCs by corticosteroids was also seen in mice treated

twice daily for less than 5 days. Hydrocortisone, for

example, applied twice daily on two consecutive days,

resulted in an LC reduction of 81% (data not shown).

Even after a single-day treatment, MHC class II+ cell

counts (or ADPase+ cell counts) were reduced by 31

(38)%, 62 (74)% and 87 (82)% compared with vehicle-

treated skin in hydrocortisone-, betamethasone- and

clobetasol-treated skin, respectively (Figs 3 and 4).

We therefore used a 1-day treatment schedule in

follow-up studies. To test whether the reduction in LCs

was also reflected by another marker, we included DEC

205 in our studies. Dual immunofluorescence staining

revealed that MHC class II+ and DEC 205+ cells were

significantly reduced in the epidermis treated with
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Figure 1. Major histocompatibility complex (MHC) class II+ cells

(median values and ranges, n ¼ 4) in auricular epidermis treated

topically with ethanol (vehicle, controls), pimecrolimus (1%, PIMEC),

hydrocortisone (1%, HC), betamethasone-17-valerate (0Æ1%, BET) or

clobetasol propionate (0Æ05%, CLO) twice daily on days 1–5. Evalu-

ation was performed on day 8.
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Figure 3. Major histocompatibility complex (MHC) class II+ or

adenosine diphosphatase (ADPase)+ cells (median values and ranges,

n ¼ 4) in auricular epidermis treated topically with ethanol (vehicle,

controls), hydrocortisone (1%, HC) betamethasone-17-valerate

(0Æ1%, BET) or clobetasol propionate (0Æ05%, CLO) twice on day 1.

Evaluation was performed on day 4. ***P < 0Æ001.
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Figure 4. Major histocompatibility complex class II+ cells (Texas

red ⁄ streptavidin staining) in epidermal sheets of an untreated control

(A) and a mouse treated with 0Æ05% clobetasol (B) twice on day 1 and

evaluated on day 4. Scale bar ¼20 lm.
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Figure 2. Major histocompatibility complex (MHC) class II+ cells

(median values and ranges, n ¼ 4) in auricular epidermis treated

topically with ethanol (vehicle, controls), hydrocortisone (1%, HC),

betamethasone-17-valerate (0Æ1%, BET) or clobetasol propionate

(0Æ05%, CLO) twice daily on days 1–5. Evaluation was performed as

indicated. n.s., not significantly different from controls; **P < 0Æ01;

***P < 0Æ001 vs. controls.
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hydrocortisone (53 and 45%) or clobetasol (85 and

73%) compared with pimecrolimus- or vehicle-treated

samples (Fig. 5). Pimecrolimus-treated samples did not

differ significantly from controls using these LC labels.

Interestingly, DEC 205 expression was less impaired

by the corticosteroid treatment than MHC class II

expression. MHC class II+ and DEC 205+ cell counts

differed significantly (P < 0Æ01) in hydrocortisone- and

clobetasol-treated sites (Fig. 5). MHC class II expression

was frequently absent or only faint in DEC 205+ cells,

whereas all MHC class II+ cells expressed DEC 205

(Fig. 6).

Discussion

The present study shows that the application of 1%

pimecrolimus twice daily for five consecutive days had

no effect on epidermal LC counts in murine epidermis

even though the > 100-fold concentration inhibiting

allergic contact dermatitis in mice was used.10 In

contrast, hydrocortisone, betamethasone and clobeta-

sol propionate, also applied at their clinically used

concentrations, almost totally eliminated LCs, identified

by MHC class II, DEC 205 and ADPase labelling.

Reduction of MHC class II+ expression and antigen-

presenting capacity in murine or human epidermal LCs

by topically applied corticosteroids has been reported

previously.2–6 The observation that even a 1-day

treatment schedule with the low-potency hydrocorti-

sone resulted in a significant reduction in MHC class

II+ or DEC 205+ cells is a new and unexpected finding.

The data from the single-day treatment study as well as

the results from the recovery study confirmed previous

observations that the impact of corticosteroids on LCs is

potency dependent.6 Because two different cell surface

markers and an additional biochemical label have been

applied to identify LCs, we provide strong experimental

evidence that the reduction in cell numbers is due to a

treatment-related depletion of the cells in the epidermis

and not just to a downregulation of certain surface

markers. It remains to be investigated whether this

depletion is due to LC necrosis or apoptosis in situ or

whether LCs emigrate from the epidermis following

application of corticosteroids. Our preliminary data

indicate that LC depletion most probably results from

apoptosis rather than from emigration. Terminal

deoxynucleotidyl transferase-mediated deoxyuridine

triphosphate nick-end labelling staining of epidermal

sheets revealed fragmented DNA in most LCs.16 Accu-

mulation of MHC class II+ cells in a �string of pearls�
fashion, which would be indicative of LC emigration,

was not observed microscopically in dermal sheets

(W.Hötzenecker and A.Elbe-Bürger, unpublished

observation).

Figure 5. Major histocompatibility complex (MHC) class II+ and

DEC 205+ cells (median values and ranges, n ¼ 6 or 7) in auricular

epidermis treated topically with ethanol (vehicle, controls), pimecr-

olimus (1%, PIMEC), hydrocortisone (1%, HC) or clobetasol prop-

ionate (0Æ05%, CLO) twice on day 1. Evaluation was performed on

day 4. **P < 0Æ01; ***P < 0Æ001 vs. controls.

CA B

Figure 6. Langerhans cells (LCs) immunolabelled with antimajor histocompatibility complex (MHC) class II antibody (red fluorescence) and anti-

DEC 205 (green fluorescence) in auricular epidermis treated with vehicle (controls, A), pimecrolimus (1%, B) or clobetasol propionate (0Æ05%, C)

twice on day 1 and evaluated 3 days after the last application. (A) and (B) show similar features; (C) shows MHC class II+ LCs absent except a few

round or dendritic shaped cells arranged focally. Intact DEC 205 expression is seen on many LCs lacking MHC class II immunolabelling. Scale

bar ¼ 20 lm.
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Furthermore, the observation that the expression of

DEC 205 is less impaired by corticosteroids than MHC

class II expression is under more detailed investigation.

The cell surface protein DEC 205 has been reported to

be involved in the capture and endocytosis of extracel-

lular glycoprotein antigens and in their delivery to

MHC class II-containing compartments of antigen

processing and presentation.17,18 The different effects

of corticosteroids on DEC 205 and MHC class II

expression suggest that corticosteroid-related impair-

ment of antigen presentation is due to changes in

processing rather than to changes in the uptake of

antigens.

The present data demonstrate that topically applied

pimecrolimus, in contrast to corticosteroids, does not

affect number and phenotype of epidermal LCs, perhaps

suggesting that their function may be unaltered.
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