Different effects of pimecrolimus and betamethasone on
the skin barrier in patients with atopic dermatitis
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Background: Genetic defects leading to skin barrier dysfunction
were recognized as risk factors for atopic dermatitis (AD). It is
essential that drugs applied to patients with AD restore the
impaired epidermal barrier to prevent sensitization by
environmental allergens.

Objectives: We investigated the effect of 2 common treatments,
a calcineurin inhibitor and a corticosteroid, on the skin barrier.
Methods: In a randomized study 15 patients with AD were
treated on one upper limb with pimecrolimus and on the other
with betamethasone twice daily for 3 weeks.

Results: Stratum corneum hydration and transepidermal water
loss, a marker of the inside-outside barrier, improved in both
groups. Dye penetration, a marker of the outside-inside barrier,
was also reduced in both drugs. Electron microscopic evaluation
of barrier structure displayed prevalently ordered stratum
corneum lipid layers and regular lamellar body extrusion in
pimecrolimus-treated skin but inconsistent extracellular lipid
bilayers and only partially filled lamellar bodies after
betamethasone treatment. Both drugs normalized epidermal
differentiation and reduced epidermal hyperproliferation.
Betamethasone was superior in reducing clinical symptoms and
epidermal proliferation; however, it led to epidermal thinning.
Conclusion: The present study demonstrates that both
betamethasone and pimecrolimus improve clinical and
biophysical parameters and epidermal differentiation. Because
pimecrolimus improved the epidermal barrier and did not cause
atrophy, it might be more suitable for long-term treatment of
AD. (Reprinted from J Allergy Clin Immunol 2009;123:1124-33.)
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Atopic dermatitis (AD) is a complex disease arising from an
interaction between genetic and environmental factors.' It was
recently demonstrated that functional mutations in the epidermal

From “the Department of Dermatology, University of Kiel; "Microscopy Services, Flint-
bek; and “Novartis Pharma GmbH, Clinical Research, Nuremberg.

Supported by grants of the Deutsche Forschungsgemeinschaft (SFB415/B2 and SFB617/
A7, A21) and Novartis Pharma, Niirnberg (Germany), given to E. Proksch and J.-M.
Jensen. T. Schwarz and E. Proksch have acted as consultants to Novartis. M. Briautigam
is employed by Novartis.

Disclosure of potential conflict of interest: J.-M. Jensen has received a travel grant from
Novartis. T. Schwarz has received grants from Novartis and Therakos and has served as
an advisor for Novartis. The rest of the authors have declared that they have no conflict
of interest.

Received for publication November 26, 2008; revised March 24, 2009; accepted for
publication March 26, 2009.

Reprint requests: Ehrhardt Proksch, MD, PhD, Department of Dermatology, University
of Kiel, Schittenhelmstr. 7, 24105 Kiel, Germany. E-mail: eproksch@dermatology.
uni-kiel.de.

0091-6749/$36.00

© 2009 American Academy of Allergy, Asthma & Immunology

doi:10.1016/j.jaci.2009.07.015

Kiel, Flintbek, and Nuremberg, Germany

Abbreviations used

AD: Atopic dermatitis
pEASI: Partial Eczema Area and Severity Index
TEWL: Transepidermal water loss

differentiation complex gene filaggrin are strong risk factors for
AD and asthma.*” In particular, patients with filaggrin mutations
are predisposed to early-onset and extrinsic AD.” Attention has
therefore been drawn to disturbed epidermal differentiation and
impaired epidermal barrier function, which appear to be hallmark
features of AD.®'* Because a disturbed barrier allows penetration
of allergens into the skin and consequent sensitization, these
observations suggest that epidermal barrier disruption is not sec-
ondary to immunologic reaction but might be primary in patients
with AD, supporting the concept of a disturbed outside-inside
barrier.'>2°

The majority of patients with AD in adulthood exhibit increased
serum IgE levels and sensitization to aeroallergens and food
allergens (extrinsic AD). Extrinsic AD is less common in early
childhood but increases with age.'** IgE-mediated sensitization
might be of crucial importance in the development of AD.* An
immune system deviation shifting toward a Ty2 response has
long been considered the major pathogenic event in AD.'*?*

Recent treatment strategies for AD have focused on immune
intervention. The development of the calcineurin inhibitors is one
offspring of this development.?® Studies have revealed quite re-
markable differences between the older and newer generations
of AD treatments. Corticosteroids, but not calcineurin inhibitors,
have been shown to negatively affect viability, maturation, and
immune function of murine and human epidermal Langerhans
cells.*®” This suggests that the prolonged use of corticosteroids
could have adverse effects on epidermal immune cells.

Considering the novel appreciation of the epidermal barrier in
the pathogenesis of AD, future developments in AD treatment
might focus on restoration of the epidermal barrier. Likewise, it is
important to know how topical drugs already used in AD
treatment affect the epidermal barrier. We therefore investigated
whether topical application of calcineurin inhibitors and cortico-
steroids, 2 frequently used medications for atopic skin, differ in
their effects on the epidermal barrier.

METHODS

Patients and treatment regimens

Fifteen patients with mild-to-moderate AD (according to Hanifin and Rajka
criteria) and a target lesion score of 3 to 8 (on a scale of 0-12) for both right and
left target lesions, and symmetric AD lesions (not differing >1 point between
the right and left sides) affecting the upper limbs by at least 10% were treated
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twice daily for 3 weeks on 1 upper limb with 1% pimecrolimus cream and on
the other upper limb with 0.1% betamethasone valerate cream in a double-
blind manner. Follow-up observation was continued for 1 additional week. No
systemic treatment for AD was allowed. Emollients for the treatment of AD
and other non-pharmaceutical interventions were allowed as normal practice
only on nontarget lesions and monitored by the investigator. The study was ap-
proved by the local ethics commission and the German Federal Institute for
Pharmaceuticals and Medical Products (EudraCT-Nr. 2004-004824-11, Bun-
desinstitut fiir Arzneimittel und Medizinprodukte).

Clinical assessment

The partial Eczema Area and Severity Index (pEASI), with which only the
upper limbs were evaluated, was used to assess disease severity. Each
symptom (erythema, infiltration/induration, excoriation, and lichenification)
was given a score ranging from O (none) to 3 (severe). Assessment was
performed on days 1, 8, 15, 22, and 29 (1 week after the end of the treatment
period) separately for both of the upper limbs. Patients recorded their pruritus
symptoms on diary cards according to a visual analog scale (range, 1-10).

Biophysical measurements of stratum corneum

hydration and transepidermal water loss

Water content of the stratum corneum and transepidermal water loss
(TEWL), a marker for the inside-outside barrier, were determined at each visit
in both lesional and nonlesional skin by using the Corneometer and the
Tewameter TM210 (both Courage & Khazaka, Cologne, Germany) in all
patients. Stratum corneum hydration was expressed in preset Corneometer
units.”® We performed measurements for stratum corneum hydration and
TEWL in accordance with the guidelines of the Standardization Group of
the European Contact Dermatitis Society.”” Each value was the average of 3
measurements. During the course of all measurements, relative environmental
humidity was 45% * 2%, and temperature was 22°C = 1°C.

Dye penetration

In a separate study with a different set of patients using the same inclusion
criteria, lesional AD skin in 4 patients was treated for 3 weeks with
pimecrolimus or corticosteroid, as previously described. Skin from 15 healthy
volunteers served as a control sample. The dye gentian violet (30 nL, 0.1%)
was applied to a paper carrier on the skin. After 60 seconds, the paper carrier
was removed, excess dye on the skin was removed by rinsing with water, and
the color intensity of the staining was determined with the Minolta Chroma
Meter (Konica Minolta, Tokyo, Japan). Measurements (b*-mode) were taken
15 minutes after application (for drying of the dye) and after 10 hours.** Color
intensity decreased according to the penetration of the dye into the skin.

Histologic analysis

Five-millimeter punch biopsy specimens from representative lesional areas
were taken on day 1 (before treatment) from one upper limb and on day 22
(end of the treatment) from both upper limbs (treated either with pimecrolimus
or betamethasone cream) from the first 5 study patients. Samples were used for
light microscopy, immunohistochemistry, and ultrastructural analysis.

Immunohistochemistry and proliferation assay

Skin samples were fixed in formalin and embedded in paraffin. After
deparaffinization and rehydration, 5-pwm-thick sections were incubated with
3% H,0, for 5 minutes to block endogenous peroxidase activity, and the rinsed
sections were exposed to 5 X 5 minutes of microwave irradiation (650 W) for
antigen retrieval, according to the method of Hazelbag et al.>' After blocking
nonspecific antibody binding by means of incubation with 20% normal pig se-
rum (DAKO, Hamburg, Germany), the primary antibodies (anti-Ki-67, anti-in-
volucrin, anti-loricrin, anti-filaggrin, and anti-keratin 6, 10, 14, 16, and 17)
were applied.'"* A strep-AB-complex/HRP (DAKO, Hamburg, Germany)
was used as a third antibody, followed by incubation with diaminobenzidine
as peroxidase substrate. Slides incubated with the Ki-67 antibody were
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examined microscopically (X160 magnification) by counting the labeled
nuclei of interfollicular keratinocytes in 7 microscopic fields per section.

Chemical fixation and ultramicrotomy for
transmission electron microscopy

Skin samples were prefixed overnight in modified Karnovsky medium at
4°C, washed twice with 0.2 mol/L sodium cacodylate buffer for 10 minutes,
and postfixed with 1% (wt/vol) OsO4 or RuO, in 0.133 mol/L sodium cacodyl-
ate buffer containing 0.5% (wt/vol) K4Fe(CN)g at 4°C for 45 minutes.* Spec-
imens were dehydrated in ethanol and embedded in Epon 812 (Plano, Wetzlar,
Germany).*> Polymerization was carried out overnight at 60°C. Thin sections
were cut with a Reichert Jung Ultracut S microtome with a diamond knife
(Diatome, Nidau, Switzerland), counterstained with uranyl acetate and lead
citrate,34 and examined in a TEM 910 (Zeiss, Oberkochen, Germany). OsO,
fixation was used to show lamellar body extrusion, and RuO, was used to
show stratum corneum lipid bilayers. More than 200 lamellar bodies were an-
alyzed for quantification. The percentage of accumulated, unextruded lamellar
bodies in patients with AD after treatment with betamethasone versus pimecro-
limus was counted, and the numbers were presented as a percentage.

Statistical analysis

Statistical analyses were carried out with SPSS (version 9.0; SPSS GmbH,
Munich, Germany) and SAS (version 8.2; SAS, Inc, Cary, NC) software.
Descriptions contain the mean or median values for groups as appropriate by
distribution of data together with their SD or 95% CI, respectively. Statistical
analysis of group differences was performed by using the 2-tailed Student 7 test
or nonparametric U test (Wilcoxon/Mann-Whitney), as appropriate. A P value
of less than .05 was considered statistically significant.

RESULTS
Clinical assessment and stratum corneum
hydration

Clinical assessments were performed before the treatment
period (day 1), during the treatment period (days 8, 15, and 22),
and after a 1-week follow-up period (day 29) to correlate clinical
response with possible alterations in skin barrier function. On day
8, considerable clinical improvement was seen after treatment with
both betamethasone and pimecrolimus, as assessed by using the
pEASI, which includes erythema, infiltration, excoriation, and
lichenification. Symptoms of patients treated with betamethasone
continued to improve over the entire treatment period (Fig 1, A).
Pruritus decreased significantly after 1 week of treatment by 2.4 vi-
sual score points in the betamethasone arm (P =.0015) and by 2.6
points in the pimecrolimus arm (P = .0003). After 2 and 3 weeks,
both groups showed further slight improvement in pruritus. Im-
provement in pruritus was quite similar after both treatments,
but slightly better values were obtained for betamethasone com-
pared with pimecrolimus. After termination of treatment, pruritus
reduction was sustained for several days longer in the betametha-
sone group than in the pimecrolimus group (Fig 1, B).

Reduced stratum corneum hydration is found in atopic lesional
and nonlesional skin.'*% Dry skin predisposes to pruritus.
Therefore we examined the effect of both treatments on hydration.
Stratum corneum hydration in lesional skin increased slightly, but
not significantly, after 1 week of treatment with pimecrolimus but
not with betamethasone. Hydration increased after 2 and 3 weeks
with both preparations, but there was no statistically significant
difference between the drugs. During the 1-week follow-up
period, hydration remained almost constant in the pimecrolimus
group, whereas it showed a nonsignificant tendency to decrease
in the betamethasone group (Fig 1, C).
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FIG 1. Clinical scoring, pruritus, and stratum corneum hydration were
assessed before the treatment period (day 1), during the treatment period
of 3 weeks (days 8, 15, and 22), and after the 1-week follow-up period (day
29). Clinical scoring was performed by using the pEASI, with only the upper
limbs evaluated (A). Pruritus was evaluated based on patients’ self-report-
ing of their pruritus symptoms on diary cards according to a visual analog
scale (range, 1-10; B). Stratum hydration was evaluated by using biophys-
ical measurements obtained with a Corneometer (C). Error bars represent
the mean = SD.
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TEWL and dye penetration

TEWL is a marker of the inside-outside barrier. Increased
TEWL values are reported in the nonlesional and lesional skin of
patients with AD.'* In patients with lesional AD, TEWL was
reduced after 1 week of treatment in both the betamethasone
(P =.002) and pimecrolimus (P = .01) groups. In the pimecrolimus
group no further reduction was seen after 2 and 3 weeks of treat-
ment. In the betamethasone group TEWL values continued to
decrease (Fig 2, A).

Dye penetration is a marker of the outside-inside barrier.*° A
significantly lower value in Chroma Meter reading was measured
in patients with untreated AD after 10 hours compared with that
seen at time point zero, indicating a significant dye penetration
caused by a disrupted outside-inside barrier. Dye penetration
was significantly reduced by betamethasone and even more so
by pimecrolimus treatment compared with that seen in untreated
control skin. There was no significant difference between the pi-
mecrolimus and betamethasone groups. In healthy skin no dye
penetration occurred (Fig 2, B).

Epidermal proliferation and thickness

Increased epidermal proliferation was previously observed in
patients with AD'* and confirmed in this study. A set of age- and
sex-matched healthy patients served as control subjects. Immuno-
histochemical evaluation of the expression of the proliferation
marker Ki-67 in keratinocytes revealed substantially reduced pro-
liferation rates after 3 weeks of treatment with both drugs. Effects
were less pronounced after pimecrolimus treatment than after be-
tamethasone treatment (Fig 3, A). The suppression of epidermal
proliferation led to a significant reduction of epidermal thickness
by 49% in the pimecrolimus group to a value within the normal
range for healthy skin. The betamethasone group showed an
even more significant high reduction of epidermal thickness by
74% to a value less than that seen in healthy skin (Fig 3, B).

Epidermal differentiation

Disturbed epidermal differentiation is a hallmark feature of
epidermal alterations in patients with AD.'* In this study we
found that disturbed differentiation was normalized by both treat-
ments. The broadened band for involucrin staining in lesional AD
skin was reduced to a small band in the upper spinous and gran-
ular layers (Fig 4). This effect was slightly more pronounced in
the betamethasone group than in the pimecrolimus group. Epider-
mal thinning resulting from corticosteroid treatment might have
contributed to this finding. Loricrin was only focally expressed
in patients with AD. After treatment with both betamethasone
and pimecrolimus, the entire granular layer was stained with
the anti-loricrin antibody, indicating homogenous re-expression.
Expression of filaggrin was also focally reduced in patients with
AD but completely restored on treatment with either betametha-
sone or pimecrolimus. Staining of the basal keratins K5 and K14,
which was extended to the spinous layer in AD lesional skin, was
reduced after both treatments but still clearly visible in the supra-
basal layers (Fig 4). In untreated AD skin the suprabasal keratin
K10 was also expressed in the mid and lower parts of the spinous
layer. This broad expression was reduced by treatment with both
betamethasone and pimecrolimus. Focal expression of hyperpro-
liferation-associated keratin K16 in lesional AD skin was reduced
or absent after both treatments (Fig 4). Expression of the



R22

REPRINTED FROM J ALLERGY CLIN IMMUNOL
VOLUME 123, NUMBER 5, MAY 2009, 1124-33

A TEWL
35
a0 r*“ .F‘F
r 30
- 25
_‘_E‘ 30 A1
o~
E r 20
E .5
E‘ 20 1 - 15
l—
- 10
10 1
F5
0
day 1 day 8 day 15 day 22
= Betamethasone
I Pimecrolimus
B Dye Penetration
40

w
=]

Mean Chromameter Readings (b*)
- %)
o (=]

=]

Zero Hours

Ten Hours

3 Healthy Skin
3 AD untreated
I Pimecrolimus
[ Betamethasone

FIG 2. TEWL and dye penetration. TEWL was evaluated based on biophysical measurements obtained with
a Tewameter. TEWL values were assessed on skin lesions of both upper limbs. Measurements were taken in
triplicates (A). In a separate study with a different set of patients (selected with identical inclusion and ex-
clusion criteria as those of the main study), after 3 weeks of treatment of lesional AD with pimecrolimus
or corticosteroid, the dye gentian violet was applied, and the color intensity was determined with a Minolta
Chroma Meter immediately and after 10 hours. Color intensity was reduced after 10 hours because of pen-
etration of the dye into the skin. In healthy (control and untreated) skin no penetration of the dye occurred.
Compared with untreated AD lesional skin, a substantial reduction in dye penetration after treatment with
both pimecrolimus and betamethasone occurred (B). Values are presented as the means + SDs.

inflammation-associated keratin K17 was only slightly reduced
after both treatment regimens (data not shown).

Skin barrier structure and lamellar body extrusion
evaluated by means of transmission electron
microscopy

Stratum corneum structure is crucial for skin barrier function.
Stratum corneum barrier structure, including the extrusion of
lamellar body content, can be visualized by means of transmission
electron microscopy. After pimecrolimus treatment, formation of
regular and continuous extracellular lipid bilayer structures were
noted (Fig 5, A, arrows). After betamethasone treatment, skin
barrier structure and lipid bilayer formation were highly irregular,
and the lipid layers were disrupted (Fig 5, B, arrow heads).

Clear, multilayered lipid bilayers at the stratum granulosum/
stratum corneum interface were only rarely found (Fig 5, B,
arrows).

After pimecrolimus treatment, lamellar body extrusion was
normal. Lamellar bodies were predominantly filled with lamellar
lipid layers and were more frequently bound to the cell mem-
branes of the keratinocytes at the transition zone between stratum
granulosum and stratum corneum (Fig 5, C, arrows). In contrast,
in betamethasone-treated skin lamellar bodies in the upper stra-
tum granulosum were often empty or only partially filled. Also,
the size of the lamellar bodies was reduced compared with those
seen in pimecrolimus-treated skin. Intracellular accumulation of
lamellar bodies was observed before their fusion with cell mem-
branes (Fig 5, D, arrowheads). Also, intracellular lamellar de-
posits were frequently seen in corneocytes.



REPRINTED FROM J ALLERGY CLIN IMMUNOL
VOLUME 123, NUMBER 5, MAY 2009, 1124-33

R23

A Proliferation

60 4 T

50 4
2
Q
= 40 4
®
3
@
> 301
-~
»
T
9 20 4

10 1

0- T T
Healthy Skin Untreated day 1 Pimecrolimus Betamethasone
day 22 day 22

B Epidermis Thickness

14 4

A2 1
3
E .10 4
w
w
]
C .08 1
£
o
=
=
= 06 1
E —_
7]
9 04 -
a
[T)

.02 4

.00 -

Healthy Skin Untreated day 1 Pimecrolimus Betamethasone
day 22 day22

FIG 3. Proliferation rate and epidermal thickness. Epidermal proliferation was determined immunohisto-
logically with the Ki-67 antibody, and epidermal thickness was determined histologically. A set of age- and
sex-matched healthy patients served as control subjects. Both treatment regimens reduce proliferation rate
(pimecrolimus, P = .08; betamethasone, P < .05; n = 5; A). Significant reduction in epidermal thickness ap-
peared in both treatment groups, whereas betamethasone treatment achieved levels less than those of
healthy skin (P < .05 and n = 5, respectively; B). Values are presented as the mean + SD.

Quantification of transmission electron microscopic findings
revealed 91% physiologic lamellar bodies in healthy skin and 9%
physiologic lamellar bodies in AD lesional skin. After treatment
with betamethasone, only 9% physiologic lamellar bodies were
noted, as in untreated AD. In contrast, 82% physiologic lamellar
bodies were found after pimecrolimus treatment (Fig 6, A). When
we examined the number of accumulated, unextruded (cytoplas-
mic) lamellar bodies in the upper stratum granulosum, we found
43% accumulated lamellar bodies after betamethasone treatment
compared with 20% accumulated lamellar bodies after pimecro-
limus treatment (Fig 6, B). Because of the complexity of the
method, only 3 sample sets could be evaluated in this study.
Therefore the results are not subject to formal statistical
evaluation.

DISCUSSION
It has now become clear that defects in the epidermal barrier
might be as important as immune dysregulation, which has long

been considered the primary cause of AD. It has recently been
proposed that inflammation in patients with AD results from
inherited and acquired insults to the barrier, and the therapeutic
implications of this paradigm have been discussed.*® Repair of
the epidermal barrier might become an important objective in
the development of new drugs for the treatment of AD. Hence it
is of central importance to understand how drugs already in use
address both the epidermal and immunologic aspects of the dis-
ease. Topical corticosteroids and calcineurin inhibitors both clin-
ically improve AD and exert anti-inflammatory effects but differ
greatly in their modes of action. Remarkable differences in the
effects of corticosteroids and pimecrolimus on skin immune
responses and antigen-presenting function of Langerhans cells
have been described.?’~’

Thus we evaluated skin barrier function, stratum corneum
structure, epidermal proliferation, and differentiation in patients
with AD after treatment with pimecrolimus compared with
betamethasone. Pimecrolimus and betamethasone ameliorated
clinical parameters of AD. pEASI scoring improved significantly
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Pimecrolimus

FIG 4. Epidermal differentiation. Epidermal differentiation was determined immunobhistologically by using
specific antibodies. An average and representative set of slides was chosen. K, Keratin.

during the treatment period, whereby betamethasone was signif-
icantly more effective than pimecrolimus. After application of
betamethasone, the known increased epidermal proliferation rate
in patients with AD'* was significantly reduced. Pimecrolimus
significantly reduced proliferation as well, but the effect was
less pronounced than with betamethasone. Betamethasone re-
duced the proliferation rate to less than normal levels, indicating
the atrophogenic effects, including epidermal thinning, of corti-
costeroids.*® Pimecrolimus does not show atrophogenic qualities
(Fig 3, B).*®

Disturbed epidermal expression of involucrin, loricrin, filag-
grin, and keratins in AD patientsl3’14’4° was almost normalized by
both treatments. This indicates that both corticosteroids and
calcineurin inhibitors are able to restore disturbed differentiation
in patients with AD. The involucrin staining band was smaller

after treatment with betamethasone than after treatment with
pimecrolimus. This might be related to epidermal thinning after
betamethasone treatment.

Focally expressed filaggrin, level of which are known to be
reduced in patients with AD,*®'*!* was homogeneously
re-expressed after both treatments. This effect was slightly more
weakly pronounced in the betamethasone group, which might be
related to the global reduction in protein synthesis caused by
corticosteroids. Filaggrin breakdown products are important for
water binding and skin hydration.*' Accordingly, both regimens en-
hanced stratum corneum hydration, but the values were still less
than those seen in healthy control subjects.14 To our knowledge,
no study has examined treatment results in patients with or without
filaggrin mutations. Also, the presence of a filaggrin mutation was
not an inclusion or exclusion criterion in the present study.
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A

FIG 5. Skin barrier structure. Transmission electron microscopy of the transition zone between the stratum
granulosum and the stratum corneum revealed inconsistent extracellular lipid bilayers (arrowheads) and
rarely regular layers (arrows) after betamethasone treatment (A). After pimecrolimus treatment, regular
lipid bilayers (arrows) were noted (B). Partially filled lamellar bodies in the stratum granulosum were noted
after betamethasone treatment (arrowheads), which tended to accumulate rather than extrude (C). Largely
regular lamellar body content (arrows) and extrusion were seen after pimecrolimus treatment (D). SG, Tran-
sition zone of the granular cell layer; SC, stratum corneum.

Enhanced TEWL values, a well-known finding in patients with ~ function with both regimens. However, when we examined the
lesional AD, were significantly reduced after 1 week of both  stratum corneum structure, regular lipid bilayers, one of the
betamethasone and pimecrolimus treatment but were still greater ~ most important signs of an intact skin barrier, were detected after
than control levels,'* implying improvement in skin barrier =~ pimecrolimus treatment but not after betamethasone treatment.
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FIG 6. Lamellar body quantification. Quantification of 200 lamellar bodies (LB) was performed to determine
the number of completely filled lamellar bodies after pimecrolimus treatment (A). Also, the number of ac-
cumulated (unprocessed) lamellar bodies in the transition zone of the granular cell layer toward the stratum
corneum was determined (B). Because of the complexity of the method, only 3 sample sets could be eval-
uated in this study. Therefore the results are not subject to formal statistical evaluation. However, the results
are impressive and, to our understanding, of significance.

TEWL, as measured with the Tewameter, an evaporimeter, or a
similar device, is a marker for the inside-outside barrier. The in-
side-outside barrier often, but not always, correlates with the out-
side-inside barrier.*?

The decrease in TEWL after betamethasone treatment might be
explained in part by the decrease of blood flow caused by
vasoconstriction after corticosteroid treatment.*> Vasoconstric-
tion causes reduced fluid flow into the dermis and the epidermis
and conceivably reduces TEWL. TEWL depends on the barrier
component plus a driving force component. The essential part
of this component is the blood flow, as determined by means of
laser Doppler flowmetry.**

Measurement of the outside-inside barrier is very important
because a disturbed barrier could enable environmental allergens,
such as house dust mites, animal dander, and grass pollen, to
penetrate into the skin and induce immunologic reactions in
patients with AD. Reduced penetration in patients with AD after
hydrocortisone treatment has already been shown, suggesting that
hydrocortisone might improve the outside-inside barrier.*’

However, such studies have not yet been reproduced with more po-
tent corticosteroids. Hence we performed separate dye-penetration
studies in a different set of patients to address this issue. In healthy
skin dye penetration did not occur, whereas substantial penetration
was noted in untreated AD skin, indicating an intact versus a disrup-
ted outside-inside barrier. Dye penetration was substantially re-
duced after treatment with betamethasone and even slightly (but
not significantly) more reduced with pimecrolimus compared
with that seen in patients with untreated AD. This corresponds
with electron microscopic studies after pimecrolimus treatment
but not with those performed after betamethasone treatment.

The electron microscopic studies showed long-term disruption
of the stratum corneum lipid layers and disturbed lamellar body
extrusion after treatment with betamethasone, which, at the first
glance, might not be compatible with the dye experiments. This
again might be due to the vasoconstriction caused by betameth-
asone. Previous data from in vivo studies with radioactivity
conducted in human subjects in the 1970s indicated that vasocon-
striction induced by topical application of hydrocortisone limited
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skin penetration of the drug itself with time.*® This effect is most
probably more pronounced when applying more potent corti-
costeroids, such as betamethasone (the vasoconstriction test is
used to classify the potency of corticosteroids). In vivo studies
involving radioactivity can no longer be performed for ethical
reasons. Alternative methods do not exhibit the same accuracy.

Electron microscopic studies show that the stratum corneum is
constituted by lipid lamellae located between the corneocytes.
Lamellar bodies of the keratinocytes are extruded to the transition
zone between the stratum granulosum and stratum corneum,
where the content is used to form the extracellular lipid bilayers.47
Disturbed lamellar body extrusion has been described in patients
with AD."" We found that lipid bilayers in the stratum corneum
were only focally seen after betamethasone treatment of AD.
Empty or incompletely filled and accumulated, unextruded lamel-
lar bodies were observed. In contrast, predominantly normal lam-
ellar bilayers in the stratum corneum and normal extrusion of the
lamellar body content at the stratum granulosum/stratum cor-
neum interface were seen after pimecrolimus treatment, implying
that pimecrolimus, but not betamethasone, improved skin barrier
structure. However, pimecrolimus did not lead to the complete
restoration of the barrier, as indicated by a lower number of phys-
iologic lamellar bodies (Fig 6) and enhanced dye penetration
compared with that seen in healthy skin. Because of the complex-
ity of the method, only 3 sample sets could be evaluated in this
study. We did not perform formal statistical calculations. How-
ever, the impressive differences between the intraindividual treat-
ment groups are of significance.

Previous publications have shown that corticosteroid treatment
of normal human and mouse skin leads to a defect in barrier
function and structure.*®*>*® We suggest that protein synthesis and
lipid synthesis,** both of which are essential for skin barrier repair
and formation, are suppressed by the antiproliferative and antimet-
abolic effects of corticosteroids. Skin barrier repair after pimecroli-
mus treatment of lesional AD skin might be related to the higher
selectivity of pimecrolimus compared with that of corticosteroids,
whereas corticosteroid treatment reduces dermal blood flow and in-
flammatory cell responses. In contrast to steroids, pimecrolimus in-
duces epidermal differentiation without suppressing epidermal
proliferation to less than normal levels and without a global reduc-
tion in protein synthesis. How pimecrolimus exerts this effect on ep-
idermal differentiation is unclear. It might reflect the consequence
of a direct action on keratinocytes. However, we cannot rule out
that pimecrolimus first influences immune cells, which then affect
keratinocytes and skin barrier function.’*>*

The present study indicates that pimecrolimus and betametha-
sone differ in their effects on the epidermal barrier. Betamethasone
exerted a more potent antiproliferative and anti-inflammatory
effect, causing a more rapid reduction in TEWL but leading to
epidermal thinning. In previous and present clinical scoring,
betamethasone was superior to pimecrolimus, confirming clinical
observations. Although betamethasone appeared to improve the
skin barrier, as judged based on TEWL and dye penetration, it did
not restore the structure of the lamellar body extrusion and lipid
bilayer formation in the lower stratum corneum, which are known
as epidermal barrier structures. Pimecrolimus induced regular lipid
layer formation and lamellar body extrusion, indicating restoration
of the epidermal barrier. Barrier repair might prevent the influx of
environmental allergens into the skin and thus prevent immuno-
logic reactions and subsequent inflammation. Because of the
beneficial effect and the fact that, in contrast to steroids, it does
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not cause skin atrophy, pimecrolimus might be more suitable for
long-term treatment of AD. Corticosteroid treatment leads pre-
dominantly to a reduction in inflammation and blood flow, which
supports its role in the acute and short-term treatment of inflam-
matory skin diseases, such as AD.

We thank Anton Stiitz and Josef Meingassner, Novartis Vienna (Austria),
for helpful discussions.

Clinical implications: Pimecrolimus improves the epidermal

barrier without causing atrophy and therefore might be suitable
for long-term treatment of AD.
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