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SUMMARY

Fifty-nine children with acute Kawasaki disease (KD), a childhood vasculitis, were compared with
35 children with fever due to infection and 48 healthy children. Levels of soluble E-selectin (sE-
selectin), soluble intercellular adhesion molecule-I (sICAM-1), and soluble vascular cell adhesion
molecule-1 (sVCAM-1) in the healthy children were double those found in adults. All three soluble
cell adhesion molecules and von Willebrand factor (vWF) were higher in the children with KD
than in the healthy children, but only sE-selectin, a marker for activated endothelial cells, and
sICAM- I were higher than in the febrile children. The high levels ofvWF in KD appear to reflect
the prominent acute-phase reaction. This information can help us to understand further the
complex interactions between cytokines, circulating inflammatory cells and the vascular endo-
thelium, and may lead to new therapeutic avenues in KD and other inflammatory diseases and
vasculitides.
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INTRODUCTION

Leucocyte traffic across the vascular endothelium is dependent
on interaction between leucocytes and endothelial cells
mediated by a variety of cell adhesion molecules, including E-
selectin, intercellular adhesion molecule-1 (ICAM-1), and
vascular cell adhesion molecule-i (VCAM-1) [1,2]. Elevated
levels of soluble forms of these molecules have been found in
conditions associated with endothelial cell activation and
inflammation, including systemic vasculitis [3-5]. High circu-
lating levels of von Willebrand factor (vWF) have been
proposed as a marker for endothelial cell damage [6].

Kawasaki disease (KD) is an acute self-limited childhood
vasculitis of unknown etiology with clinical features of fever,
rash, lymphadenopathy, oropharyngeal inflammation, con-
junctivitis and peripheral desquamation [7]. Patients have
elevated inflammatory cytokines, polyclonal B cell activation
and T cell activation [8]. There is panvasculitis of the small and
medium sized muscular arteries with endothelial oedema,
necrosis, replication and desquamation, and leucocyte infiltra-
tion of the arterial wall [9,10]. A major complication is the
development ofcoronary artery aneurysms which occurs in 15-
25% of untreated patients [11].

It has been proposed that cytokine-mediated vascular
endothelial cell activation and injury is a central part of KD
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pathogenesis [8,12]. We further hypothesized that this would
lead to elevated circulating sE-selectin, sICAM-1, sVCAM-l,
and vWF. We therefore measured these variables in serum from
patients with KD and from three control groups. C-reactive
protein (CRP) was measured as a marker of the acute-phase
reaction.

PATIENTS AND METHODS

Patients and controls
Group 1. Fifty-nine children (27 female, median age 2-5

years, range 0 4-14-2 years) with KD, diagnosed according to
standard criteria [13], were studied within 28 days of fever
onset. Forty were studied within 14 days. None had received
intravenous gamma globulin treatment (IVIG) at the time the
sample was taken. None had clinical or laboratory features of
diseases which mimic KD. Sixteen (27%) developed coronary
artery aneurysms, a relatively high percentage which may
reflect the tertiary referral nature of our hospital. In nine
patients serial samples were studied.

Group 2. Thirty-five children (15 female, 3 3 years, range
0-4-15 years) with a fever of 38 5°C or more due to infection,
without underlying disease, were studied as febrile controls.
None had any features of rheumatological illness or were on
medication other than antibiotics. Thirteen had an organism
isolated. These children had rotavirus gastroenteritis, measles,
respiratory syncytial virus infection, coliform urinary tract
infection, group A streptococcal tonsillitis, staphylococcal
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empyema, meningococcal meningitis, Salmonella typhi bacter-
aemia, salmonella gastroenteritis, tuberculous meningitis,
malaria, and mycoplasma pneumonia (n = 2). Twenty-two
had no organism isolated, with clinical diagnoses of aseptic
meningitis, osteomyelitis, gastroenteritis, tonsillitis (n = 2),
chest infection/pneumonia (n = 8), upper respiratory tract
infection, and non-specific fever (n = 6).

Group 3. Forty-eight healthy children (11 female, 4 9 years,

range 0 7-14 years) were studied as afebrile controls. These
children were admitted for elective surgery (n = 43), were bone
marrow donors (n = 3), or were undergoing investigations for
suspected ketotic hypoglycaemia or hypopituitarism. All
children were afebrile, on no medication, and without inter-
current illness.

Group 4. Fifteen healthy adults were studied (seven female,
32 years, range 21-47 years). A single sample from each was

divided and serum was separated after either 1 h or 18 h in glass
at room temperature. Aliquots of the serum separated at 1 h
were repeatedly thawed for 45-60 min, vortex-mixed, and
refrozen 11, 8, 11, and 10 times for sE-selectin, sICAM-1,
sVCAM-1, and vWF, respectively.

Assay methods
Soluble cell adhesion molecules were measured by sandwich
ELISA using commercial kits from R & D Systems (Abingdon,
UK; previously British Biotechnology). In brief, microtitre
wells coated with anti-human sE-selectin, sICAM-1 or

sVCAM-1 were incubated with diluted samples, standards
and controls, before incubation with conjugated anti-human
cell adhesion molecules and substrate. VWF antigen was

assayed by sandwich ELISA based on the method of Short et
al. [14]. Plates were coated overnight with rabbit anti-human
vWF antiserum (Dako, High Wycombe, UK). After washing,
diluted samples were added and incubated for 1 h, followed by
peroxidase-conjugated rabbit anti-human vWF (Dako), then
substrate. The reaction was stopped by adding acid and the plate
read at 492 nm in an ELISA reader (Titertek Multiskan; Flow
Labs, Rickmansworth, UK). A standard curve was generated
from a national standard (NIBSC, Potters Bar, UK). Interassay
and intra-assay co-efficients of variation were < 10% for both
high and low values. Results are reported as per cent of pooled
normal plasma. One hundred percent is equivalent to 0-88 U.

CRP was measured with a commercial kit (Abbott, North

Chicago, IL) using a fluorescence polarization immunoassay on

a TDxFLx analyser. The lower limit of detection was 0 3 mg/dl.
Serum was stored at -70°C until analysed. Assays were run

with each group tested in parallel. The study was approved by
the ICH Ethical Committee.

Statistical analysis
Data were analysed on SPSS 6.0 software. The KD group was

compared with the febrile and afebrile groups using the Mann-
Whitney U-test. Correlation between variables was assessed using
Spearman's rank test. The effects of delayed separation and
repeated freeze-thaw cycles were analysed using paired t-tests.

RESULTS

Soluble cell adhesion molecules
Values for cell adhesion molecules in the healthy children were

higher than those in the adults (Mann-Whitney, P < 0 001).
Levels in the adult control group were consistent with those
provided by the kit manufacturers. There was no difference in
the results whether KD children studied before and after 14
days of illness were analysed separately or together; hence the
KD patients were analysed as a single group. Soluble E-selectin
and sICAM-l were higher in KD patients than in the control
groups, and levels in the febrile children were higher than those
in the afebrile group (Table 1, Fig. 1). Within the healthy
control group there was a slight but significant negative
correlation of sE-selectin and sICAM- with age (r = -0 31,
P = 0 03 and r = -0 45, P = 0 002, respectively). However, the
differences between the groups persisted when levels were

adjusted for the effect of age. There was no difference between
the levels ofsVCAM-1 in the KD group and the febrile control
group, and both were higher than in the afebrile children (Table
1, Fig. 1).

Von Willebrandfactor
Von Willebrand factor was significantly higher in KD patients
and febrile controls than in afebrile controls (Table 1, Fig. 1). In
the KD group, vWF tended to be higher for patients studied
earlier in the disease (r = -0 57, P < 0 001) (Fig. 2). There was

no difference between KD patients and febrile controls, whether
the whole group or just those presenting in the first 14 days were
compared. Results were unchanged when the highest value,
from a child with malaria, was excluded from analysis.

Table 1. Serum sE-selectin, soluble intercellular adhesion molecule-l (sICAM-l), soluble vascular cell adhesion molecule-l (sVCAM-1), von

Willebrand factor (vWF), and C-reactive protein (CRP), shown as median (inter-quartile range) for groups 1-4, and as mean (s.d.) for the values
provided by the manufacturers of the cell adhesion molecule kits

sE-selectin sICAM-1 sVCAM- 1 vWF CRP
(ng/ml) (ng/ml) (ng/ml) (% control) (mg/dl)

Kawasaki disease 228 (153-309) 635 (560-960) 1250 (950-1445) 230 (145-334) 65 (28-13)
Febrile controls 114 (93-186) 500 (415-545) 1295 (1010-1645) 294 (197-355) 36 (19-88)
Afebrile controls 86 (65-98) 418 (354-469) 1058 (950-1164) 92 (75-123) <03 (<03-05)
Adult controls 35 (25-50) 195 (179-227) 650 (585-720) 85 (66-132) ND
Normal adult values 46 (17) 211 (48) 553 (160) ND ND
provided with kit n = 130 n = 131 n = 105

ND, Not done.
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Table 2. Correlations between variables in the Kawasaki disease (KD)
group, shown as Spearman correlation matrix, r (P)

CRP sE-selectin sICAM-1

sE-selectin 0 40 (0 004)
sICAM-l 008 (056) 047 (0001)
sVCAM-l 002 (0 87) 0-37 (0-004) 0-56 (0001)
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Fig. 1. Serum levels of sE-selectin, soluble intercellular adhesion
molecule-i (sICAM-1), soluble vascular cell adhesion molecule-i
(sVCAM-l), and von Willebrand factor (vWF) in patient and control
groups. Horizontal bars indicate median values. n, Number of subjects.
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and five were treated with IVIG after the first sample. In all
cases vWF, sE-selectin and sICAM-1 fell with time, regardless
of IVIG treatment; sVCAM-l fell in one patient (Fig. 3).

Effect of sample handling
There were small increases in sE-selectin levels after delayed
separation, and in sICAM- 1 levels after delayed separation and
multiple freeze-thaw cycles (Table 3). There was no change in
vWF or sVCAM-1 levels. These changes are not sufficient to
explain the differences between the groups described above.

DISCUSSION

We have demonstrated elevated levels of sE-selectin and
sICAM-1 but not sVCAM-1 or vWF in children with KD

was higher in KD patients than in febrile patients compared with children with fever caused by a range of

02) or afebrile patients (P < 0001) (Table 1). infectious diseases, and have shown that the differences
between groups are unlikely to be due to a difference in the

Cations handling of specimens.
i the two disease groups vWF correlated significantly E-selectin (CD62E, ELAM-1), ICAM-1 (CD54) and

BIRP (KD, r = 0 62, P < 0 001; febrile, r = 0-41, P = VCAM-1 (CD106) are cell surface adhesion molecules present

)ut not in the afebrile group (r = 0 07, P = 0 64). Within on vascular endothelial cells, that are up-regulated by inflam-

D group, sE-selectin correlated with CRP, but there was matory cytokines and are critical in regulating the adhesion and

rrelation between sICAM-1 and sVCAM-1 and CRP. migration of leucocytes [1,2]. Circulating adhesion molecules

,of sE-selectin, sICAM-1 and sVCAM- 1 were correlated appear to be formed by cleavage of the membrane-bound form

ach other (Table 2). There were no differences in any and release into the circulation of the extracellular domain [15-
17]. Elevated levels of circulating adhesion molecules have been

coronary ahidrter (dataodidandwhodidnot shreported in numerous inflammatory conditions, including
systemic vasculitis [3-5]. ICAM-1 and VCAM-1 are widely

samples distributed, while E-selectin is specific to endothelial cells and

patients had serial samples studied. All received aspirin only minimally expressed in the resting state [2]. An elevated
serum level of sE-selectin, as reported here, seems to be a
specific marker of endothelial cell activation. In KD there are

10 elevated levels of the pro-inflammatory cytokines IL- 1, tumour

10 factor-alpha (TNF-ca), interferon-gamma (IFN--y)

IL-6 [8]. E-selectin expression is increased in skin vessels in

0 . acute KD [12], and elevated soluble levels were recently

reported in 24 patients compared with healthy children and

0 - . . - . .children with Henoch-Sch6nlein purpura [18]. Furukawa et al.

* *. demonstrated elevated levels of sICAM- I in patients with acute
KD compared with healthy children, children with measles,

.. . *~ :- * and children with Henoch-Schdnlein purpura, and showed
0
*.| t . . that high levels correlated with the presence of coronary

0 - * * * :*. ' . artery aneurysms [19]. We found similar high levels but no

0 correlation with the presence of coronary artery aneurysms,
0 5 10 15 20 25 30 despite studying a larger group. We found high levels of

Days after onset of fever sVCAM-1 in KD, to our knowledge not previously reported,
but equally high levels in infection. A recent study found

Serum von Willebrand factor (vWF) levels in the Kawasaki elevated levels of sVCAM-1 in patients with active Wegener's
group. Each point represents a different patient. granulomatosis compared with healthy controls [4]. However,
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Fig. 3. Serial levels of sE-selectin, soluble intercellular adhesion molecule-i (sICAM-l), soluble vascular cell adhesion molecule-i
(sVCAM-l), and von Willebrand factor (vWF) in nine patients. Vertical bars indicate fifth to ninety-fifth centile of the control group.

*, Patients who did not receive intravenous gamma globulin (IVIG); *, patients who received IVIG after the first blood sample.

sVCAM-1 levels did not distinguish between active disease and
infectious episodes in these patients.

A discordance between elevation of different soluble cell
adhesion molecules has been reported in systemic lupus erythe-
matosus (SLE) [20] and systemic vasculitis [3,4]. Pall et al.
found high sICAM-1 and sE-selectin but not sVCAM-1 in
patients with active systemic vasculitis [3], although Stegeman
et al. reported relatively greater elevations of sICAM-1 and
sVCAM-1 than sE-selectin at the time of diagnosis of patients
with Wegener's granulomatosis [4]. This discordance could
reflect the different kinetics of expression of each molecule,
and their differential up-regulation on different cells by various
combinations of cytokines and other stimuli such as thrombin
and oxygen radicals [2]. For example, IL-4 seems to inhibit
cytokine-induced expression of E-selectin and augment the
expression of VCAM-1 [2,21]. The relative levels of circulating
soluble endothelial cell molecules may indicate which cells and
mediators are most involved in the inflammatory reaction
[20,21]. In addition, differences in expression and regulation
of these molecules in the endothelium of different vascular beds
may help explain the relative specificity of vessel involvement in
the different types of systemic vasculitis.

We have shown that sE-selectin, sICAM-1, and sVCAM-1

in healthy children are approximately double adult values, and
that levels in a wide range of infections are higher than in
healthy children. Adult levels in this study are consistent with
those supplied by the kit manufacturers and with those
previously reported [5]. Levels of these molecules do not
change with age between 18 and 65 [4,15,17,01, but Furukawa
et al. found sICAM-1 in children less than years old to be
higher than in school age children [19].

Von Willebrand factor is an adhesive multimeric glycopro-
tein found in platelets, megakaryocytes and endothelial cells.
The circulating plasma pool is derived mainly from endothelial
cells [22]. It is an acute-phase reactant and is elevated in
infectious diseases [23], numerous inflammatory and vasculitic
diseases, after surgery, in pregnancy, and after exercise [22,24-
26]. Levels are also high in atherosclerosis [24] and essential
hypertension [27] in the absence of an acute-phase reaction.
High levels ofvWF have been proposed as a specific marker for
endothelial damage [6]. However, vWF levels are an indirect
measurement of the effects of a number of diverse stimuli,
including inflammatory cytokines, on the endothelial cell, and
high levels can reflect activation or damage.
VWF has been previously found to be elevated in small

groups of children with KD compared with afebrile controls

Table 3. The effect of sample handling on serum sE-selectin, soluble intercellular adhesion molecule-i (sICAM-1), soluble vascular cell adhesion
molecule-i (sVCAM-l), and von Willebrand factor (vWF) in adult controls (n = 15)

sE-selectin (ng/ml) sICAM-I (ng/ml) sVCAM-l (ng/ml) vWF (% control)

Mean effect of delayed separation + 2 ng/ml* + 12 ng/ml* -2 ng/ml -1%
(95% CI, P value) (+ 04 to + 4, 0.02) (+ 04 to + 23, 0-04) (-47 to + 43, 0-94) (-9 to + 7, 0-75)
Mean effect of freeze/thaw cycles + 1 ng/ml + 13 ng/ml* + 13 ng/ml -3%
(95% CI, P value) (-2 to +3-6, 0-55) (+2 to +24, 0 03) (-51 to +77, 0 67) (-8 to +3, 0-31)

*P < 0-05 compared with samples separated at 1 h and defrosted once.
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[28,29], and we have confirmed this. However, levels were no
different in KD from those in febrile controls. It is difficult to
define the relative contribution of endothelial cell activation
and damage to the elevation of vWF in KD. We found that
vWF in the two disease groups correlated well with the acute-
phase reactant CRP. In a small number of serial samples in
patients with KD, levels of vWF, sE-selectin and sICAM-1
were high early in the disease and fell to the normal range after
2-4 weeks. This is the duration of maximal inflammatory
changes, fever and acute-phase reaction in KD, and it seems
likely that high vWF levels in the KD group were mainly due to
the acute-phase reaction.

It is important not to over-interpret measurement of circu-
lating molecules, which may not reflect biological activity or
levels in the microenvironment. The role of soluble adhesion
molecules in vivo is not defined, although in vitro they bind to
ligands on other cells [15-17] and may be competitive inhibitors
of adhesion [30]. There is great therapeutic potential in modulat-
ing inflammation by interfering with leucocyte-endothelial cell
adhesion by using specific antibodies or non-specific inhibitors
[2,31]. An acute self-limited disease such as KD may be particu-
larly suited to antibody therapy, as the cost and inconvenience of
such therapy and development of anti-idiotypic antibodies are
less of a problem than in chronic disease. The clinical relevance
of measuring sE-selectin, sICAM- 1, sVCAM- 1 and vWF in KD
is limited, as they do not predict coronary artery aneurysms and
discriminate poorly between KD and other febrile illnesses.
However, together with other inflammatory mediators and
markers, they can help us to understand the complex patho-
genesis of inflammatory diseases and vasculitides.
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