
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 CD4+ 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 CD4+ T cells, and mono-
cyte/macrophages.1,2 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 families.3 L-
selectin (CD62L), a member of the selectin family, is
expressed on most circulating leukocytes, including neu-
trophils, monocytes, eosinophils, basophils, and most
lymphocytes.3 L-selectin has been suggested to interact
with inducible ligand(s) on the nonlymphoid vascular
endothelium, thereby mediating the initial step (rolling) of
leukocyte migration.3,4 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 responses5 and delayed allogene-
ic skin graft rejection.6

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.7-9 Soluble L-selectin (sL-selectin) is func-
tionally active and is present at high levels in human
plasma.9,10 Levels of sL-selectin are elevated in patients
with sepsis, HIV, Kawasaki disease, hemodialysis, and
leukemia, although levels of sL-selectin are decreased in
the serum of patients in whom adult respiratory distress
syndrome develops.10-14 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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to prevent leukocyte rolling at sites of subacute inflam-
mation.3,9 Thus the combination of regulated L-selectin
expression with regulated levels of circulating sL-
selectin is likely to play a major role in directing leuko-
cyte migration.

In this study we examined serum levels of sL-selectin
and L-selectin expression on peripheral blood leukocytes
in patients with AD. Our data suggest that the elevated
sL-selectin levels and abnormal L-selectin expression on
some leukocyte subsets in patients with AD correlate
with inflammation associated with AD and that the
serum level of sL-selectin is a serologic indicator of dis-
ease severity in AD.

METHODS

Patients and control subjects

Serum levels of sL-selectin were examined in 70 patients with
AD (28 female, 42 male; age, 5 to 42 years; mean age, 22.8 ± 6.5
years). All patients fulfilled the criteria for AD proposed by Hanifin
and Rajka.15 The clinical severity of AD was evaluated with the
scoring system proposed by Rajka and Langeland16: 15 patients had
mild-type AD; 27 patients had moderate-type AD; and 28 patients
had severe-type AD. The clinical and laboratory data and serum
samples were obtained at the same time. The laboratory data used
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 addi-
tion, patients with contact dermatitis (n = 18) and psoriasis vulgaris
(n = 23) were examined. The control subjects were 30 healthy age-
and sex-matched individuals. Serum specimens were aliquoted and
kept frozen at –40°C before use.

L-selectin expression levels by peripheral blood leukocytes were
examined in 18 patients with AD (10 female, 8 male; age, 14 to 33
years; mean age, 25.0 ± 5.1 years). The patients consisted of 8 mod-
erate-type cases and 10 severe-type cases. Ten healthy age- and sex-
matched individuals were used as normal control subjects.

The protocol was approved by the Committee at Kanazawa Uni-
versity School of Medicine and Kanazawa University Hospital, and
informed consent was obtained from all patients.

ELISA for sL-selectin

The serum levels of sL-selectin were measured with an ELISA,
as described previously.10 Briefly, 96-well microtiter plates (Costar,
Cambridge, Mass) were coated with an anti–L-selectin mAb
(LAM1-5) in 0.1 mol/L borate buffer, pH 8.4, at 4°C for 18 hours.
After 2 washes with Tris-buffered saline solution (TBS), the wells
were blocked with 2% BSA and 1% gelatin in TBS for 1 hour at
37°C. After washes with TBS containing 0.05% Tween 20, serum
samples diluted 1:40 were incubated in triplicate wells for 90 min-
utes at 20°C. Each assay included a previously quantified serum
sample for generating a standard curve. After being washed with
TBS containing 0.05% Tween 20, the plates were incubated with

biotinylated anti–LAM1-3 mAb (1 µg/mL) for 60 minutes at 20°C
and then with avidin-horseradish peroxidase (Sigma Chemical Co,
St Louis, Mo) for 30 minutes at 4°C. The plates were developed
with o-phenylenediamine (Sigma Chemical Co) as a substrate in 0.1
mol/L citrate buffer, pH 4.5, in the presence of H2O2. The plates
were read at 450 nm in a Titertek plate reader (Flow Laboratories,
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.

Flow cytometric analysis

Heparinized blood samples were immediately placed on ice at
4°C to avoid the spontaneous shedding of L-selectin from leuko-
cytes. Phycoerythrin-conjugated mAb to L-selectin was purchased
from Coulter Corp (Miami, Fla). FITC-conjugated anti-CD4, CD8,
CD20, CD14, and CD16 mAbs and isotype-matched control mAbs
were also purchased from Coulter Corp. The blood samples were
stained at 4°C with predetermined optimal concentrations of the test
mAb for 20 minutes, as previously described.17 Blood erythrocytes
were lysed after staining with the Coulter Whole Blood Immuno-
Lyse kit as detailed by the manufacturer (Coulter Corp). Cells were
washed and analyzed with a FACScan flow cytometer (Becton
Dickinson, San Jose, Calif). Cells with the forward and side light
scatter properties of lymphocytes, monocytes, and granulocytes
were analyzed for each sample. Five thousand cells were analyzed
for each sample, with fluorescence intensity shown on a 4-log scale.
Fluorescence histograms are shown as 50% log density plots. Posi-
tive and negative populations of cells were determined with unreac-
tive isotype-matched mAbs (Coulter Corp) as control cells for back-
ground staining. Background levels of staining were delineated with
gates positioned to include 98% of the control cells.

Statistical analysis

Mann-Whitney U 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. Probability (P) values
of less than .05 were considered statistically significant. All data are
shown as means ± SD.

RESULTS

Serum sL-selectin levels in patients with AD

Patients with contact dermatitis and psoriasis vulgaris
showed mean serum sL-selectin levels similar to those of
control subjects (Fig 1). By contrast, sL-selectin levels in
patients with AD were significantly higher than those
found in normal control subjects (1.54 ± 1.25 µg/mL vs
0.99 ± 0.45 µg/mL; P < .05). Patients with severe AD
showed significantly increased mean levels of sL-selectin
(Fig 2) when compared with patients with moderate AD
(1.93 ± 1.34 µg/mL vs 1.32 ± 0.65 µg/mL; P < .05) and
mild AD (1.93 ± 1.34 µg/mL vs 0.98 ± 0.26 µg/mL; P <
.01). Similarly, patients with moderate AD had signifi-
cantly elevated mean sL-selectin levels compared with
patients with mild AD (1.32 ± 0.65 µg/mL vs 0.98 ± 0.26
µg/mL; P < .01). sL-selectin levels in patients with mild
AD and control subjects were similar. Thus elevated
mean serum levels of sL-selectin correlated with the
severity of AD. A significant correlation was found
between sL-selectin levels and total serum IgE levels in
patients with AD (r = 0.495; P < .0005; Fig 3). However,

Abbreviations used
AD: Atopic dermatitis

LDH: Lactate dehydrogenase
NK: Natural killer

sL-selectin: Soluble L-selectin
TBS: Tris-buffered saline solution



J ALLERGY CLIN IMMUNOL

VOLUME 104, NUMBER 1

Shimada et al 165

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 subpop-
ulation of CD4+ or CD8+ T cells was L-selectin– in both
patients with AD and normal control subjects, the fre-
quency of L-selectin+ cells among CD4+ or CD8+ T cells
from patients with AD was similar to that found in nor-
mal control subjects (Fig 4). In contrast, the frequency of
L-selectin+ cells among CD16+ natural killer (NK) cells
was significantly elevated in patients with AD when
compared with that found in normal control subjects
(45.2% ± 15.6% vs 37.3% ± 6.9%; P < .05; Fig 4). In
both patients with AD and normal control subjects,
almost all CD20+ 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 (data
not shown). However, sufficient numbers of eosinophils
were not obtained from normal control subjects for
analysis. Therefore the frequency of L-selectin+ cells
among the leukocyte subpopulations in patients with AD
appeared to be similar to that found in normal control
subjects, except for L-selectin+ NK cells.

FIG 1. Serum levels of sL-selectin in patients with AD, contact der-
matitis, and psoriasis. sL-selectin levels were determined by
ELISA. N.S., Not significantly different.

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

FIG 3. sL-selectin levels versus total serum IgE levels in patients
with AD.
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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.

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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L-selectin expression on blood leukocytes

from patients with AD

L-selectin expression on L-selectin+ CD4+ or CD8+ T
cells and L-selectin+ NK cells was similar for patients
with AD and normal control subjects (Fig 5). By con-
trast, L-selectin expression on L-selectin+ B cells and L-
selectin+ monocytes was significantly lower (27% to
28%; P < .01) in patients with AD. Similarly, L-selectin
expression was significantly lower (15%; P < .05) on L-
selectin+ neutrophils from patients with AD than from
normal control subjects. L-selectin expression on mono-
cytes positively correlated with total serum IgE levels in
patients with AD (r = 0.667; P < .01; data not shown).
However, L-selectin expression levels did not correlate
with blood eosinophil numbers or LDH.

DISCUSSION 

This study showed that serum levels of sL-selectin in
patients with AD were significantly elevated compared
with normal control subjects (Fig 1). It has been report-
ed that serum levels of sE-selectin, which is another
member of the selectin family and is shed from activated
endothelial cells, are elevated and correlate with disease
activity in patients with AD.18,19 However, serum levels
of soluble intercellular adhesion molecule-1 and soluble
vascular cell adhesion molecule-1 do not increase in
patients with AD.19 Levels of sL-selectin correlated with
both the severity of AD and total serum IgE levels (Figs
2 and 3), suggesting that the serum level of sL-selectin is
a useful immunologic indicator for monitoring disease
activity in subjects with AD. Although the functional sig-
nificance of sL-selectin is still unknown, the increased
levels of sL-selectin in AD might function as a biologic
adhesion inhibitor for downregulating excessive cuta-
neous inflammation. However, further studies will be
needed to clarify the role of sL-selectin in IgE production
and disease severity in patients with AD.

Consistent with the increased serum levels of sL-
selectin, the surface expression levels of L-selectin on B
cells, monocytes, and neutrophils were significantly
decreased in patients with AD (Fig 5). It has been sug-
gested that the decreased L-selectin expression reflects
the augmented activation of leukocytes because cellular
activation rapidly induces the proteolytic shedding of the
extracellular domain of L-selectin from leukocytes.20,21

In this respect downregulated L-selectin expression on B
cells, monocytes, and neutrophils in AD suggests that
these leukocytes are activated in vivo. Recently, various
immunologic abnormalities have been identified in
patients with AD. B cells from patients with AD have
enhanced expression of B7.2 (CD86), which may be
involved in IgE synthesis.22 In addition, the enhanced
production of GM-CSF by keratinocytes from patients
with AD is suggested to activate monocytes, leading to
enhanced antigen-presenting capacity.23 Therefore the
decreased L-selectin expression of some leukocyte sub-
sets from patients with AD may be related to these

immunologic abnormalities observed in patients with
AD. Alternatively, it is possible that the downregulated
expression of L-selectin is the result of extensive rolling
of leukocytes on the endothelium. However, it has not
been shown whether the extensive rolling of leukocytes
results in the decreased expression of L-selectin. In both
possibilities, decreased L-selectin expression would
diminish the migration capacity of leukocytes because a
recent study24 that used L-selectin–deficient mice has
shown that migration capacity of lymphocytes is regulat-
ed in part by subset-specific differences in L-selectin
expression.
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assistance.

REFERENCES

1. Leung DYM. Atopic dermatitis: the skin as a window into the pathogen-
esis of chronic allergic diseases. J Allergy Clin Immunol 1995;96:302-
18.

2. Wakita H, Sakamoto T, Tokura Y, Takigawa M. E-selectin and vasucular
cell adhesion molecule-1 as critical adhesion molecles for infiltration of
T lymphocytes and eosinophils in atopic dermatitis. J Cutan Pathol
1994;21:33-9.

3. Tedder TF, Steeber DA, Chen A, Engel P. The selectins: vascular adhe-
sion molecules. FASEB J 1995;9:866-73.

4. Spertini O, Luscinskas FW, Kansas GS, Munro JM, Griffin JD, Gim-
brone MA Jr, et al. Leukocyte adhesion molecule-1 (LAM-1, L-selectin)
interacts with an inducible endothelial cell ligand to support leukocyte
adhesion. J Immunol 1991;147:2565-73.

5. Tedder TF, Steeber DA, Pizcueta P. L-selectin deficient mice have
impaired leukocyte recruitment into inflammatory sites. J Exp Med
1995;181:2259-64.

6. Tang MLK, Hale LP, Steeber DA, Tedder TF. L-selectin is involved in
lymphocyte migration to sites of inflammation in the skin: delayed rejec-
tion of allografts in L-selectin–deficient mice. J Immunol 1997;158:5191-
9.

7. Kishimoto TK, Jutila MA, Butcher EC. Identification of a human periph-
eral lymph node homing receptor: a rapidly down-regulated adhesion
molecule. Proc Natl Acad Sci USA 1990;87:2244-8.

8. Spertini O, Kansas GS, Munro JM, Griffin JD, Tedder TF. Regulation of
leukocyte migration by activation of the leukocyte adhesion molecule-1
(LAM-1) selectin. Nature 1991;349:691-4.

9. Schleiffenbaum BE, Spertini O, Tedder TF. Soluble L-selectin is present
in human plasma at high levels and retains functional activity. J Cell Biol
1992;119:229-38.

10. Spertini O, Schleiffenbaum B, White-Owen C, Ruiz P Jr, Tedder TF.
ELISA for quantitation of L-selectin shed from leukocytes in vivo. J
Immunol Methods 1992;156:115-23.

11. Spertini O, Callegari P, Cordey A-S, Hauert J, Joggi J, von Fliedner V, et
al. High levels of the shed form of L-selectin (sL-selectin) are present in
patients with acute leukemia and inhibit blast cell adhesion to activated
endothelium. Blood 1994;84:1249-56.

12. Rabb H, Agosti SJ, Bittle PA, Fernandez M, Ramirez G, Tedder TF.
Alterations in soluble and leukocyte surface L-selectin (CD63L) in
hemodialysis patients. J Am Soc Nephrol 1995;6:1445-50.

13. Takeshita S, Dobashi H, Nakatani Y, Koike H, Tsujimoto K, Hirayama K,
et al. Circulating soluble selectins in Kawasaki disease. Clin Exp
Immunol 1997;108:446-50.

14. Donnelly SC, Haslett C, Dransfield I, Robertson CE, Carter DC, Grant
IS, et al. Altered levels of soluble L-selectin adhesion receptor in plasma
is correlated with development of the adult respiratory distress syndrome
(ARDS) in at-risk patient groups. Lancet 1994;344:215-9.

15. Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. Acta Derm
Venereol (Stockh) 1980;92(suppl):44-7.

16. Rajka G, Langeland T. Grading of severity of atopic dermatitis. Acta
Derm Venerol 1989;144:13-4.

17. Sato S, Miller AS, Inaoki M, Bock CB, Jansen PJ, Tang MLK, et al.



168 Shimada et al J ALLERGY CLIN IMMUNOL

JULY 1999

CD22 is both a positive and negative regulator of B lymphocyte antigen
receptor signal transduction: altered signaling in CD22-deficient mice.
Immunity 1996;5:551-62.

18. Czech W, Schopf E, Kapp A. Soluble E-selectin in sera of patients with
atopic dermatitis and psoriasis-correlation with disease activity. Br J Der-
matol 1996;134:17-21.

19. Yamashita N, Kaneko S, Kouro O, Furue M, Yamamoto S, Sakane T. Sol-
uble E-selectin as a marker of disease activity in atopic dermatitis. J
Allergy Clin Immunol 1997;99:410-6.

20. Tedder TF. Cell surface receptor shedding: a means of regulating func-
tion. Am J Respir Cell Mol Biol 1991;5:305-6.

21. Kishimoto TK, Julita MA, Berg EL, Butcher EC. Neutrophil Mac-1 and
MEL-14 adhesion proteins inversely regulated by chemotactic factors.
Science 1989;245:1238-41.

22. Jorapongsananuruk O, Hofer MF, Trumble AE, Norris DA, Leung DYM.
Enhanced expression of B7.2 (CD86) in patients with atopic dermatitis:
a potential role in the modulation of IgE synthesis. J Immunol
1998;160:4622-7.

23. Pastore S, Fanales-Belasio E, Albanesi C, Chinni LM, Giannetti A,
Girolomoni G. Granulocyte macrophage colony-stimulating factor is
overproduced by keratinocytes in atopic dermatitis: implications for sus-
tained dendritic cell activation in the skin. J Clin Invest 1997;99:3009-
17.

24. Tang MLK, Steeber DA, Zhang XQ, Tedder TF. Intrinsic differences in
L-selectin expression levels affect T and B lymphocyte subset-specific
recirculation pathway. J Immunol 1998;160:5113-21.

Send us your new address at least six weeks aheadON THE MOVE?
Don’t miss a single issue of the journal! To ensure prompt service when you change your address, please photocopy and
complete the form below.

Please send your change of address notification at least six weeks before your move to ensure continued service.
We regret we cannot quarantee replacement of issues missed due to late notification.

JOURNAL TITLE:
Fill in the title of the journal here.

OLD ADDRESS: NEW ADDRESS:
Affix the address label from a recent issue of the journal here. Clearly print your new address here.

Name

Address

City/State/ZIP

COPY AND MAIL THIS FORM TO: OR FAX TO: OR PHONE:
Periodical Subscription Services 314-432-1158 1-800-453-4351
Mosby, Inc. Outside the U.S., call
11830 Westline Industrial Dr. 314-453-4351
St. Louis, MO 63146-3318


