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Background: The expression of adhesion molecules on endothe-
lial cells regulates leukocyte migration. The level of soluble
adhesion molecules which are shed into the circulation is known
to reflect the degree of inflammation, and this level can
therefore be used as an indicator of disease activity.

The objective of this study was first to investigate the relation-
ship between sE-selectin levels and disease activity parameters
(scores of extent, severity, itch, and sleep) in atopic dermatitis
(AD) patients, and second to determine the effect of therapy
with an immunosuppressive drug (cyclosporin A) on sE-selectin
levels.

Methods: Fourteen patients with severe AD and 41 healthy
controls were studied. sE-selectin was measured by ELISA both 2
weeks before therapy with cyclosporin A and after 16 weeks of
treatment.

Results: At baseline, the level of sE-selectin was significantly
higher in patients with AD than in healthy control subjects
(P<0.0001). After treatment of AD with cyclosporin A, there was
a significant reduction of the sE-selectin levels (P<0.0001). In
addition, changes in sE-selectin levels significantly correlated
with changes in disease activity parameters such as severity
(P<0.002) and extent of disease (P<<0.049).

Conclusions: Soluble E-selectin is a new serologic marker in AD
which reflects disease activity. Therefore, soluble E-selectin may

be a useful parameter in the monitoring of this disease.

Abbreviations: AD: atopic dermatitis; sE-selectin: soluble E-selectin;
CsA: cyclosporin A; SEM: standard error of mean; ELISA: enzyme-
linked immunosorbent assay; VCAM: vascular adhesion molecule;
ICAM: intercellular adhesion molecule; ELAM: endothelial cell-
leukocyte adhesion molecule; LEC-CAM: leukocyte-endothelial cell

— cellular adhesion molecule.
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Atopic dermatitis (AD) is an inflammatory skin disease
which is characterized by a distinct pattern of serum
parameters that reflect the ongoing inflammation. Besides
the well-known elevation of total serum IgE, which
correlates with the severity of the course of the disease
(1), the measurement of soluble interleukin-2 receptor (sIL-
2R}, soluble intercellular adhesion molecule-1 (SICAM-1),
eosinophilic cationic protein (ECP), and CD14 in the sera of
patients with AD can be used to monitor the activity of the
disease (2—4). E-selectin — the membrane-bound form of
soluble E-selectin (sE-selectin) — is a cell-surface adhesion
molecule which is expressed on endothelial cells during
inflammatory processes. It is a member of the LEC-CAM
adhesion molecule family and a glycoprotein of 115 kDa
molecular mass (5, 6). E-selectin is involved in leukocyte
recruitment into inflamed tissue and plays a crucial role in
determining the degree of an inflammatory infiltrate (7).
Therefore, its expression is restricted to sites of inflamma-
tion. Sialyl-Lewis® and other carbohydrate ligands have been
shown to mediate the initial attachment of polymorpho-
nuclear granulocytes and monocytes to E-selectin in
activated endothelium. Human memory T cells, which do
not express sialyl-Lewis®, can bind to E-selectin via the
cutaneous lymphocyte antigen (CLA) (8-12). Cytokines
such as interleukin (IL)-1, tumor necrosis factor-o, and
bacterial endotoxin may, in addition to substance P, UVB
irradiation, stimulation by haptens, and mast-cell degranu-
lation, induce the expression of E-selectin in endothelial
cells (6, 13-17). Thus, the expression of E-selectin on
endothelial cells correlates well with endothelial cell
activation. The distribution of E-selectin in inflammatory
skin diseases, such as allergic contact dermatitis, AD,
psoriasis, and several malignant skin tumors, has been
investigated by immunohistologic methods (18, 19). Re-
combinant E-selectin acts as a neutrophil chemoattractant,
suggesting functional activity also for the soluble form (20).
sE-selectin — which is shed by cytokine-activated endothe-
lial cells — has been studied recently by ELISA (21).

For evaluation of sE-selectin during a clinical trial with

cyclosporin A (CsA) in patients with severe AD resistant to

Table 1. Characteristics of patients and controls

conventional therapy, levels of sE-selectin were measured in
the serum at the baseline and at the end of treatment,
compared to healthy controls, and correlated with disease
activity.

Material and methods
Patients and study design

Fourteen patients with severe AD who fulfilled the clinical
and morphologic criteria as defined by Hanifin & Rajka (22),
as well as the criteria for atopy according to Diepgen et al.
(23), were included in the study. None of the patients had
been treated with immunosuppressives, retinoids, interfer-
on (IFN), phototherapy with Psoralen plus UVA (PUVA), and
oral steroids for at least 4 weeks before receiving the first
dose of CsA. Use of topical emollients, steroid preparations,
and antihistamines was not restricted, but the frequency of
their application was monitored. Patients received CsA
either in the old formulation (Sandimmun) or in the new
formulation (Neoral microemulsion). Sandimmun and
Neoral were administered in identical gelatin capsules.
The daily dose to be administered b.i.d. was fixed at 4-
4.5 mg/kg body weight. The medication was to be taken
together with meals to ensure good and stable absorption of
CsA from the Sandimmun formulation. The treatment
period lasted 16 weeks. Baseline laboratory values and blood
pressure were well within normal range in all patients. Since
the clinical outcome and the comparison of the old with the
new CsA formulation (Neoral) has been published elsewhere
(24) and showed no significant differences in clinical disease
activity parameters after 16 weeks of treatment with either
medication, it was not determined whether the patients
received Sandimmun or Neoral with regard to their sE-
selectin levels. During the study, one patient had to be
excluded for violation of the study protocol.

The patient sera were compared with the sera of 41

consecutive, healthy blood donors (Table 1).

Group n  Sex Age (years; median) Age (years; range)  Multidisk sx1
Atopic dermatitis 14 9 M/5 F 35 20-64 10+/3—
Controls 41 27 M/14 F 51 26-71 17+/24-

+: positive; —: negative.
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The study was approved by the hospital ethics committee
and was performed according to the guidelines of the
Declaration of Helsinki. Informed consent was obtained

from each patient.

Disease activity parameters

The efficacy of the CsA treatment in patients with AD and
disease activity was determined by a scoring system
consisting of four parameters at baseline and after 16 weeks

of treatment (25).

Extent
The area affected by AD was estimated according to the rule

of nines (maximum score value: 100).

Severity

Disease severity was assessed according to a total body
disease activity score. Six clinical features (erythema,
purulence, excoriation/crusting, dryness/scaling, cracking/
fissuring, and lichenification) were graded at six defined
body sites on a scale of o (none) to 3 (severe), resulting in a

total body activity score (maximum: 108).

Itch and sleep

The symptoms of itching and sleep disturbance were rated
on a scale of o (no itching, sleep not disturbed, respectively)
to 10 (unbearable itching, no sleep at all).

Collection of serum samples, and determination of specific

immunoglobulin E (Multidisk) and sE-selectin

After 1oml of venous blood was drawn, serum was
separated and stored at —20°C until use. The presence of
specific IgE was screened by the CAP FEIA multidisk sx1
system (Pharmacia, Upjohn, Dibendorf, Switzerland).

sE-selectin was measured with a commercially available
ELISA kit (R+D Systems, Minneapolis, MN, USA). Accord-
ing to the manufacturer, the +1 SD range for sE-selectin is
29-63 ng/ml.

Statistical evaluation

Clinical efficacy parameters (disease activity, extent of
disease, itching, sleep quality) were compared with the sE-
selectin levels with the Wilcoxon signed-rank test. Differ-
ences between patients with AD and controls were analyzed
by the Mann-Whitney U-test. The correlation between the
clinical scores and sE-selectin in the sera was calculated by
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Table 2. Soluble E-selectin in sera of patients
with atopic dermatitis and healthy controls

sE-selectin  Atopic dermatitis  Controls
(ng/ml) (n=13) (n=41)
Mean* 95.1** 36.81

SEM 25.4 3.9
Median 87.2 36.6
Range 31.2-376.6 14.7-123.2

*Geometric mean; **P<0.001 as compared to normal
controls.

Spearman’s rank correlation and tested for statistical
significance.

Results
Elevated levels of sE-selectin in patients with AD

Patients with severe AD showed significantly elevated
serum levels of sE-selectin before treatment as compared
to healthy controls (P<o.o001) (Table 2). Although the
geometric mean of sE-selectin in patients with AD was
significantly elevated when compared to normal controls,
sE-selectin was well within the normal range in three of the
14 AD patients (Fig. 1). Two of these three patients had the
intrinsic type of AD.

CsA treatment decreases sE-selectin levels in patients with AD

The level of sE-selectin in the sera of CsA-treated patients
with AD was found to be significantly reduced after 16
weeks of treatment with CsA (P<o.oo01; Fig. 1). However,
sE-selectin levels were still significantly elevated in CsA-
treated patients with AD when compared with healthy
controls (P<0.02) (data not shown).

Correlation between sE-selectin levels and disease activity

Extent

After establishing therapy, we observed an initial rapid
decrease of the average extent of the disease. At the end of
week 8, the difference from baseline reached significance for
all patients treated with CsA.

Severity
The average severity of disease at inclusion time was rather
high. There was a rapid initial decrease after initiation of
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Figure 1. Levels of sE-selectin in patients with atopic dermatitis treated
with CsA. sE-selectin levels were initially increased (mean: 95.1+25.4
SEM ng/ml, n=14) and decreased during 16 weeks of CsA treatment (mean:
54.24+8.1 SEM ng/ml, n=13). Difference was highly significant (P<o.0001).

therapy. The improvement of the severity score was
statistically significant at week 8 of the treatment.

Itch

Average itch score was high at inclusion time and dropped
during the first 2 weeks of treatment with continued
improvement until the end of week 8. After week 8,
average itch scores remained unchanged until the end of
week 16.

Sleep

The sleep score decreased between inclusion and therapy
initiation, as did the itch score. The sleep parameters
improved clearly during the first 2 weeks of treatment. After
week 8, the sleep score remained more or less similar until
the end of week 16.

Twenty-eight assessments in 14 AD patients treated with
CsA were examined. The clinical outcome in these patients
has been published elsewhere (24). There was a significant
correlation between changes in sE-selectin levels and the
changes in scores for the severity (P<0.002) and extent of

60 | Allergy sa, | 57-63

disease (P<0.049). However, no significant correlation was
found for itch and sleep scores (Fig. 2).

Discussion

Our findings indicate that sE-selectin is useful in monitor-
ing AD. Clinical improvement in CsA-treated patients with
AD was associated with a significant decrease in sE-selectin
levels. In addition, we could demonstrate that there is a
significant correlation between changes in sE-selectin levels
and those in disease activity scores. To the best of our
knowledge, this is the first study on sE-selectin levels in
patients with AD treated with CsA.

In our opinion, AD is a heterogeneous disease with
different subtypes characterized by distinct skin cytokine
profiles, as we were able to demonstrate for the so-called
extrinsic (allergic) and intrinsic (nonallergic) type (26).
Indeed, two of the three AD patients with sE-selectin levels
within the normal range (Fig. 1) were of the intrinsic type.
In the pathogenesis, both type I and type IV mechanisms
play an important role in the induction (acute) and
maintenance (chronic) phase of the eczematous lesions.
Whereas Tha type cytokines such as IL-4, IL-5, and IL-13
play a crucial role in mediating local inflammation in the
acute phase, Th1 type cytokines such as IL-2 and IFN-y are
required to support the ongoing inflammation in the
chronic phase (27, 28). Elevated IgE levels are often
observed in AD, but are not a prerequisite, indicating that
not only IL-4 (and probably IL-13) but also other cytokines
are relevant to this disease. The skin lesions in AD are
infiltrated by eosinophils, demonstrating the importance of
IL-5 — a key cytokine for eosinophil recruitment to sites of
inflammation and an important factor in eosinophil
survival (26).

The clinical assessment of inflammatory skin diseases is
complicated not only by the individual variability between
investigators but also by the numerous time-consuming
scoring systems. Therefore, a simple serologic laboratory
test might give a more precise basis for the monitoring of
disease activity. It is well established that serum levels of
sIL-2R, sCD14 (a marker for human monocytes), and ECP (a
marker for eosinophil activation) correlate with the clinical
activity of AD and can be used to monitor the disease (3, 4,
29, 30). However, neither of these parameters is specific
for AD.

Recently, soluble adhesion molecules have been found to
be markers of inflammation, too. In contrast to the already

mentioned parameters, each soluble adhesion molecule may
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Figure 2. Correlation between changes in sE-selectin and disease activity scores. There was significant correlation between changes in sE-selectin levels
and changes in score for severity (P<o0.002) and extent of disease (P<0.049). However, no significant correlation was found for itch and sleep score.

reflect a particular component of the cellular infiltrate in a
certain disease and may, therefore, be disease-specific. For
example, sVCAM-1 shows an excellent correlation with the
activity of systemic lupus erythematosus, whereas sE-
selectin and sSICAM-1 do not (31). Moreover, sE-selectin
levels were significantly elevated in patients with discoid
lupus erythematosus and widespread active cutaneous
disease, suggesting different patterns of soluble adhesion
molecules in different forms of lupus erythematosus
correlating with the extent of cutaneous disease (32).
However, in other inflammatory skin diseases such as
psoriasis and AD, data on sE-selectin as a novel serologic
marker for endothelial cell activation are conflicting.
Whereas Bonifati et al. (33) reported a direct correlation of
sE-selectin and PASI scores in psoriasis patients, Czech et al.
(34) were not able to demonstrate a significant correlation
between the PASI scores and the levels of sE-selectin in 16
patients with psoriasis. This difference may be explained by
different therapeutic approaches. The reduction of sE-
selectin levels — reflecting only activated vascular endothe-
lial cells — may be due to the anti-inflammatory effect of
glucocorticosteroids, whereas the lack of reduction of sE-
selectin in some psoriasis patients may be due to the fact
that dithranol or tar treatment specifically reduces epider-
mal cell proliferation but has little effect on vascular

endothelial cells. This may also be the case in patients
with AD treated with different regimens. Several studies
demonstrated elevated levels of sE-selectin in AD, as
compared to controls, and an association of the clinical
improvement with the decrease in sE-selectin levels (34-37).
In our study, a significant decrease of the sE-selectin levels
could also be demonstrated. However, the levels of sE-
selectin in patients with AD were still significantly higher
after 16 weeks of CsA treatment than in healthy controls. In
addition, according to Kowalzick et al. (38), clinical
improvement did not result in a significant drop of sE-
selectin levels in AD patients after UVA1-treatment. Other
possible explanations for these discrepancies may be
differences in patients studied and different grading systems.
In addition, sE-selectin levels may reflect only certain
aspects of a given disease. As shown in Fig. 2, sE-selectin
levels correlated with disease activity scores such as extent
and severity, as manifested as erythema, papules, vesicles,
and edema. However, and importantly enough, sE-selectin
did not correlate with itch and sleep scores. Our findings are
in agreement with a recent report which suggests that
itching is reflected best by SICAM-1 levels (37).

In our study, we could demonstrate elevated sE-selectin
levels in the sera of AD patients. Treatment of severe AD
with CsA resulted in impressive improvements of the
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patients’ clinical condition already after 2-4 weeks of
treatment (average dose of CsA was fixed at 4—4.5 mg/kg
body weight). Moreover, treatment of AD with CsA was

associated with a significant decrease of sE-selectin levels,

and a significant correlation of the changes of the disease
activity scores with the changes in the sE-selectin levels was
found. Further studies should focus on the question of
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