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dermatitis: Soluble L-selectin levels
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Background: L-selectin mediates leukocyte rolling on endothe-
lium at sites of inflammation, suggesting that L-selectin may
be involved in the development of cutaneous lesions of atopic
dermatitis (AD). After leukocyte activation, L-selectin is rapid-
ly shed from the cell surface.

Objective: The purpose of this study was to assess leukocyte L-
selectin expression and quantitate levels of serum soluble L-
selectin (sL-selectin) in patients with AD.

Methods: Serum sL-selectin levels in patients with AD (n =
70), contact dermatitis (n = 18), and psoriasis (n = 23), as well
as normal control subjects (n = 30), were examined by using
an ELISA. The L-selectin expression on leukocytes in
heparinized blood samples from patients with AD (n = 18) and
normal control subjects (n = 10) was also examined by flow
cytometry.

Results: Serum levels of sL-selectin in patients with AD were
significantly higher than those found in normal control sub-
jects. Furthermore, sL-selectin levels correlated positively with
disease severity and total serum IgE levels in AD. The expres-
sion of L-selectin on B cells, monocytes, and neutrophils was
significantly decreased in patients with AD compared with
normal control subjects, although those on CD#or CD8* T
cells from patients with AD were similar to those from normal
control subjects.

Conclusion: Elevated sL-selectin levels and the abnormal
expression of L-selectin on some leukocyte subsets in patients
with AD may correlate with inflammation associated with AD.
Furthermore, the level of sL-selectin may be a useful immuno-
logic indicator for disease activity in AD. (J Allergy Clin
Immunol 1999;104:163-8.)
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The development of cutaneous lesions in atopic der-
matitis (AD) is closely related to the accumulation of
specific leukocytes migrating from blood into the affect-
ed skin through the endothelium. The skin lesions in AD
are characterized histologically by infiltration of activat-
ed T cells, predominantly CB4T cells, and mono-
cyte/macrophagels? However, abnormalities in the reg-
ulation of the migration of leukocytes into the skin
lesions of AD are not fully understood.

Leukocyte trafficking between blood and skin is depen-
dent on the expression of numerous cell surface adhesion
molecules, including members of the selectin famdies.
selectin (CD62L), a member of the selectin family, is
expressed on most circulating leukocytes, including neu-
trophils, monocytes, eosinophils, basophils, and most
lymphocytes? L-selectin has been suggested to interact
with inducible ligand(s) on the nonlymphoid vascular
endothelium, thereby mediating the initial step (rolling) of
leukocyte migratio:4 Recent studies that used L-
selectin—deficient mice have demonstrated that L-selectin
plays a functionally significant role in cutaneous inflam-
mation because L-selectin—deficient mice have impaired
delayed hypersensitivity responsasd delayed allogene-
ic skin graft rejectiof.

After leukocyte activation, cell surface L-selectin is
rapidly modulated, which results in an increased affinity
for its ligand, followed by the endoproteolytic release of
L-selectin?-9 Soluble L-selectin (sL-selectin) is func-
tionally active and is present at high levels in human

n(Plas,maﬁ?vlo Levels of sL-selectin are elevated in patients

with sepsis, HIV, Kawasaki disease, hemodialysis, and
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the serum of patients in whom adult respiratory distress
syndrome develop¥:-14 Although the biologic signifi-

'cance of shedding of L-selectin from the cell surface and

circulating sL-selectin remains unclear, it is likely that
circulating sL-selectin serves as a biologic buffer system
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biotinylated anti-LAM1-3 mAb (Jug/mL) for 60 minutes at 20°C
Abbreviations used and then with avidin-horseradish peroxidase (Sigma Chemical Co,
AD: Atopic dermatitis St Louis, Mo) for 30 minutes at 4°C. The plates were developed
LDH: Lactate dehydrogenase with o-phenylenediamine (Sigma Chemical Co) as a substrate in 0.1
NK: Natural killer mol/L citrate buffer, pH 4.5, in the presence of04. The plates
sL-selectin: Soluble L-selectin were read at 450 nm in a Titertek plate reader (Flow Laboratories,
TBS: Tris-buffered saline solution McLean, Va). The relative concentration of sL-selectin in individual
samples was calculated by a comparison of the mean optical densi-

ty to a semilog standard curve of the titrated standard serum sample
) ) ) by linear regression analysis.
to prevent leukocyte rolling at sites of subacute inflam-

mation3.9 Thus the combination of regulated L-selectin Flow cytometric analysis

expression with regulated levels of circulating sL-  Heparinized blood samples were immediately placed on ice at

selectin is likely to play a major role in directing leuko- 4°C to avoid the spontaneous shedding of L-selectin from leuko-

cyte migration. cytes. Phycoerythrin-conjugated mAb to L-selectin was purchased
In this study we examined serum levels of sL-selectinffom Coulter Corp (Miami, Fla). FITQ-conjugated anti-CD4, CD8,

and L-selectin expression on peripheral blood leukocyte:cP20: CD14, and CD16 mADbs and isotype-matched control mAbs

in patients with AD. Our data suggest that the elevatecVe® also purchased from Coulter Corp. The blood samples were

sL-selectin levels and abnormal L-selectin expression o stained at 4°C with predetermined optimal concentrations of the test
: v In exp : 'mAb for 20 minutes, as previously descriBédlood erythrocytes

SQme_ Ieu"ocyt? subsets _in patie.nts with AD Correlatewere lysed after staining with the Coulter Whole Blood Immuno-
with inflammation associated with AD and that the |yse kit as detailed by the manufacturer (Coulter Corp). Cells were

serum level of sL-selectin is a serologic indicator of dis-washed and analyzed with a FACScan flow cytometer (Becton

ease severity in AD. Dickinson, San Jose, Calif). Cells with the forward and side light
scatter properties of lymphocytes, monocytes, and granulocytes

METHODS were analyzed for each sample. Five thousand cells were analyzed

Patients and control subiects for each sample, with fluorescence intensity shown on a 4-log scale.

. . . . . Fluorescence histograms are shown as 50% log density plots. Posi-
Serum levels of sL-selectin were examined in 70 patients Wlthtive and negative populations of cells were determined with unreac-
AD (28 femalg, 42 mqle; age, 5.to 42 years; mean age, 22.8 J—r 6'!tive isotype-matched mAbs (Coulter Corp) as control cells for back-
years). '.B‘” patients fu!fllled the ;rlterla for AD proposed by Hanlfln ground staining. Background levels of staining were delineated with
and Rajkal5 The clinical severity of AD was evaluated with the

scoring system proposed by Rajka and Langdfaa patients had gates positioned to include 98% of the control cells.
mild-type AD; 27 patients had moderate-type AD; and 28 patientsStatistical analysis

had severe-type AD. The clinical and laboratory data and serun
samples were obtained at the same time. The laboratory data ust
in this study were serum total IgE levels, blood eosinophil numbers
and lactate dehydrogenase (LDH). All patients were treated with
topical steroids in combination with oral antiallergic drugs. Howev-
er, none of the patients were treated with systemic steroids. In add
tion, patients with contact dermatitis (n = 18) and psoriasis vulgaris
(n = 23) were examined. The control subjects were 30 healthy ageRESULTS
and sex-matched individuals. Serum specimens were aliquoted ar

kept frozen at —40°C before use. serum SL-Selectin |eVe|S in patients With AD
L-selectin expression levels by peripheral blood leukocytes were - patients with contact dermatitis and psoriasis vulgaris
examined in 18 pazt'g’egti ;V';h AD (1OTLema'$’ 8tma'e' "."%eal‘: ;0 33showed mean serum sL-selectin levels similar to those of
years; mean age, 25.0 £5.1 years). The patients consisted of 8 Mo 4| g bjects (Fig 1). By contrast, sL-selectin levels in
erate-type cases and 10 severe-type cases. Ten healthy age-and ¢~ . h R -
patients with AD were significantly higher than those

matched individuals were used as normal control subjects. . .
The protocol was approved by the Committee at Kanazawa unifound in normal control subjects (1.54 + 12§/mL vs

versity School of Medicine and Kanazawa University Hospital, and0-99 * 0.45pug/mL; P < .05). Patients with severe AD

Mann-WhitneyU tests were used to compare variables between
2 groups because most of the data were not normally distributed.
Spearman’s rank correlation coefficient was used to examine the
relationship between 2 continuous variables. Probalfijywalues
of less than .05 were considered statistically significant. All data are
shown as means + SD.

informed consent was obtained from all patients. showed significantly increased mean levels of sL-selectin
. (Fig 2) when compared with patients with moderate AD
ELISA for slL-selectin (1.93 + 1.34ug/mL vs 1.32 + 0.6%ig/mL; P < .05) and

The serum levels of sL-selectin were measured with an ELISA,mild AD (1.93 + 1.34ug/mL vs 0.98 + 0.2Gig/mL; P <
as described previousty.Briefly, 96-well microtiter plates (Costar, .01). Similarly, patients with moderate AD had signifi-
Cambridge, Mass) were coated with an anti-L-selectin mAbcantly elevated mean sL-selectin levels compared with
(LAM1-5) in 0.1 mol/L borate buffer, pH 8.4, at 4°C for 18 hours. patients Wlth mlld AD (132 + OGEg/mL VS 098 + 026
After 2 washes with Tris-buffered saline solution (TBS), the wells ug/mL; P < .01). sL-selectin levels in patients with mild
were blocked with 2% BSA and 1% gelatin in TBS for 1 hour at ’ ’ | . L
AD and control subjects were similar. Thus elevated

37°C. After washes with TBS containing 0.05% Tween 20, serum 8 -
samples diluted 1:40 were incubated in triplicate wells for 90 min-Meéan serum levels of sL-selectin correlated with the

utes at 20°C. Each assay included a previously quantified serurS€Verity of AD. A significant correlation was found
sample for generating a standard curve. After being washed wittbetween sL-selectin levels and total serum IgE levels in

TBS containing 0.05% Tween 20, the plates were incubated wittpatients with AD = 0.495;P < .0005; Fig 3). However,
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FIG 1. Serum levels of sL-selectin in patients with AD, contact der- p<0'01 |
matitis, and psoriasis. sL-selectin levels were determined by !
ELISA. N.S., Not significantly different. p<0.05

FIG 2. Serum levels of sL-selectin ranked according to the severi-

ty of AD.
sL-selectin levels did not correlate with blood eosinophil
numbers or LDH.

Frequency of L-selectin* blood leukocytes in
patients with AD

The frequency of L-selectin—expressing leukocytes

from patients with AD was assessed. Although a subpog 6
ulation of CD4 or CD8" T cells was L-selectinn both —_— ]
patients with AD and normal control subjects, the fre- "= |
quency of L-selectihcells among CD#or CD8' T cells g S
from patients with AD was similar to that found in nor- ) |
mal control subjects (Fig 4). In contrast, the frequency o' = 4
L-selectirt cells among CD16natural killer (NK) cells >~
was significantly elevated in patients with AD when C
compared with that found in normal control subjects 4= 3]
(45.2% *+ 15.6% vs 37.3% * 6.9%, < .05; Fig 4). In 1
both patients with AD and normal control subjects, =
almost all CD26 B cells, CD14 monocytes, and CD16 @
neutrophils expressed L-selectin (data not shown). Simi ¢
larly, almost all eosinophils from patients with AD with
peripheral blood eosinophilia expressed L-selectin (dati ¢f)

2_

1_.

not shown). However, sufficient numbers of eosinophils

r = 0.495
p < 0.001

were not obtained from normal control subjects for - 1

analysis. Therefore the frequency of L-selettiells
among the leukocyte subpopulations in patients with AD
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Serum total IgE (1U/ml)

appeared to be similar to that found in normal COI’]tI’OhG 3. sL-selectin levels versus total serum IgE levels in patients

subjects, except for L-selectilNK cells. with AD.
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FIG 4. The frequencies of L-selectin* leukocyte subpopulations from patients with AD. The frequencies of L-
selectin* lymphocytes were determined by 2-color immunofluorescence staining with flow cytometric analy-
sis. All samples were stained and analyzed sequentially by flow cytometry in parallel with the use of identi-
cal instrument settings.
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FIG 5. Expression of cell-surface L-selectin on leukocyte subpopulations from patients with AD. L-selectin
expression levels were assessed by 2-color immunofluorescence staining with flow cytometric analysis. All
samples were stained and analyzed sequentially by flow cytometry in parallel with the use of identical instru-
ment settings.
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L-selectin expression on blood leukocytes immunologic abnormalities observed in patients with
from patients with AD AD. Alternatively, it is possible that the downregulated
expression of L-selectin is the result of extensive rolling
L-selectin expression on L-selecti@D4+ or CD8 T of leukocytes on the endothelium. However, it has not
cells and L-selectinNK cells was similar for patients been shown whether the extensive rolling of leukocytes
with AD and normal control subjects (Fig 5). By con- results in the decreased expression of L-selectin. In both
trast, L-selectin expression on L-selettihcells and L-  possibilities, decreased L-selectin expression would
selecti monocytes was significantly lower (27% to diminish the migration capacity of leukocytes because a
28%; P < .01) in patients with AD. Similarly, L-selectin recent stud¥* that used L-selectin—deficient mice has
expression was significantly lower (15%x< .05) on L-  shown that migration capacity of lymphocytes is regulat-
selectirt neutrophils from patients with AD than from ed in part by subset-specific differences in L-selectin
normal control subjects. L-selectin expression on monoexpression.
cytes positively correlated with total serum IgE levels in

- . We thank Ms M. Matsubara and Ms Y. Yamada for technical
patients with AD (r = 0.667P < .01; data not shown).

assistance.
However, L-selectin expression levels did not correlate
with blood eosinophil numbers or LDH.
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