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The object of the study was to assess the levels of circulating forms of the
cellular adhesion molecules ICAM-1, VCAM-1, E-selectin, L-selectin and
P-selectin in young children with asthma and acute bronchiolitis. Thirty-
nine children aged 12 to 84 months with mild or moderate asthma were
studied at admission for acute asthma (n = 15) or in a stable phase (n = 24).
Ten of the children with acute asthma were seen again after one month.
Twenty-two children aged 1 to 17 months with acute bronchiolitis and nine
non-atopic controls were also included in the study. In children with acute
asthma, the mean concentration of circulating soluble ICAM-1 (sSICAM-1)
was increased compared to children with stable asthma (mean 442 pg/l
versus 363 ug/l; p < 0.001) and to controls (363 pg/l; p < 0.05). The levels
of sICAM-1 remained high at follow up. In children with stable asthma,
the mean serum concentration of soluble L-selectin (sL-selectin) (2080 pg/
1) was significantly higher than in the controls (1664 pg/l; p < 0.05). The
levels of circulating cellular adhesion molecules were similar in atopic and
non-atopic asthmatics. Children with acute bronchiolitis had increased se-
rum levels of soluble VCAM-1 (sVCAM-1) (1637 ug/l versus 1019 ug/l in
the controls; p < 0.01) and sL-selectin (2041 pg/l versus 1664 ug/l in the
controls; p < 0.05). There was no difference between the levels of circulat-
ing cellular adhesion molecules in children with respiratory syncytial virus
(RSV) positive and RSV negative bronchiolitis. Soluble E-selectin (sE-se-
lectin) and soluble P-selectin (sP-selectin) in serum were not significantly
increased in any of the groups studied. In conclusion, our data suggest dif-
ferential patterns of circulating cellular adhesion molecules in young chil-
dren with acute asthma, stable asthma, and acute bronchiolitis, which may
reflect differences in the underlying inflammatory processes in these ob-
structive pulmonary diseases.
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Bronchial asthma is an inflammatory disease, and
leukocyte infiltration seems to be a key event in the
pathogenesis of asthma (1, 2). The recruitment of
leukocytes from the circulation into affected tissue
is dependent on a series of cell adhesion molecule-
mediated interactions between vascular endothelium
and leukocytes (1, 3). The selectins, i.e. E-selectin,
L-selectin and P-selectin, and their carbohydrate lig-
ands mediate the initial capture and rolling phase of
leukocyte adhesion (3), whereas intercellular adhe-
sion molecule-1 (ICAM-1) and vascular cell adhe-
sion molecule-1 (VCAM-1), both members of the

immunoglobulin superfamily, and their integrin lig-
ands contribute to the firm adhesion and transendo-
thelial migration (3). The expression and function of
the cellular adhesion molecules are modulated by a
number of inflammatory mediators, e.g. histamine,
platelet activating factor, leukotrienes and a variety
of cytokines and growth factors (2). The demonstra-
tton of increased expression of adhesion molecules
in the bronchial mucosa of patients with asthma (2,
4) has led to the postulation of an important role for
these molecules in the inflammatory process of
asthma (2, 4).
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Recently, circulating forms of several adhesion
molecules have been identified in peripheral blood
and other body fluids, as well as in broncheoalveo-
lar lavage aspirates, of healthy individuals and in
disease (5). As these molecules seem to retain their
functional activity, the circulating adhesion mole-
cules may have physiological effects, e.g. by com-
peting in cell-cell adhesion or by triggering a res-
ponse in ligand-bearing cells (5-8). The serum con-
centration of soluble ICAM-1 (sICAM-1), soluble
VCAM-1 (sVCAM-1) and soluble E-selectin (SE-
selectin)} have been reported to increase in a variable
fraction of adults with acute asthma (9-12), but their
pathophysiological role in this disease is still un-
clear. Moreover, it is not known whether the level or
pattern of circulating adhesion molecules in asthma
may reflect disease activity.

Acute bronchiolitis is a viral disease of child-
hood with inflammatory obstruction of the small
airways. A significant proportion of infants with
bronchiolitis have hyperreactive airways during
later childhood, and it has been speculated that
bronchiolitis, especially if caused by respiratory
syncytial virus (RSV), may trigger the develop-
ment of asthma (13). RSV has been demonstrated
to induce the expression of ICAM-1 by respiratory
epithelial cells in vitro (14), and to enhance neu-
trophil and eosinophil adhesion to cultured respira-
tory epithelial cells by an ICAM-1 dependent
mechanism (15). Recently, Smyth et al. demon-
strated slightly elevated levels of circulating sl-
CAM-1 in infants with RSV bronchiolitis (16).
However, the role of adhesion molecules in the in-
flammatory response of bronchiolitis remains to be
determined.

In this study our object was to assess the levels of
several circulating adhesion molecules in different
clinical states of childhood asthma and, whether in
bronchiolitis, the pattern was similar to that demon-
strated in asthma. We have determined sICAM-1,
sVCAM-1, sE-selectin, soluble L-selectin (sL-selec-
tin) and soluble P-selectin (sP-selectin) in serum
samples from 39 young children with asthma, as
well as in 25 children undergoing their first episode
of acute bronchiolitis.

Material and methods
Study subjects

Patients with asthma. Patients aged 12 to 84 months
were diagnosed as having mild or moderate asthma
based on episodic cough and wheeze, with response
to 32-agonists, persisting or recurring for at least 6
months without a history of another diagnosis (17).
Thirty-nine patients (26 males and 13 females) were
studied and divided into three separate groups.
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The first group consisted of 15 children hospital-
ized for acute asthma (mean age 46 months; range 12
— 83 months). They all received inhalations with
adrenalin or 32-agonist. In addition some were treat-
ed with intravenous theophylline. They were dis-
charged without anti-inflammatory treatment, but
some of them started prophylactic treatment at fol-
low up, one month later. At this time four patients
still had symptoms indicating mild bronchial ob-
struction. Five children refused to have blood sam-
ples taken at follow-up. The patients with acute asth-
ma had no signs of bacterial infection at admission,
as evaluated by clinical examination, serum C-reac-
tive protein, total leukocyte counts and chest X-rays.

The other patients were classified to have stable
mild asthma (n = 11; mean age 51 months; range 14
— 83 months) or stable moderate asthma (n = 13;
mean age 54 months; range 22 — 82 months) accord-
ing to internationally accepted criteria (17). All pa-
tients used bronchodilators on demand in sympto-
matic periods. No patient with asthma had been us-
ing prophylactic therapy (i.e. inhaled glucocorti-
coids or cromoglycate) before the study, but in ac-
cordance with therapeutic recommendations (17),
most of the patients with moderate asthma received
prophylactic treatment after the blood samples were
taken. ’

None of the patients with stable asthma had
experienced clinical symptoms of bronchopulmo-
nary obstruction in the last week before inclusion,
and none had clinical signs of infection. All patients
with stable asthma and the controls had C-reactive
protein and total leukocyte counts in the normal
range.

Nineteen of the children with asthma were atopic
and 20 were non-atopic. Atopy was defined as hav-
ing at least one positive skin prick test to common
allergens (egg, milk, pea, hazelnut, peanut, cod,
shrimp, Cladosporium herbarum, Dermatopha-
goides pteronyssinus, cat, dog, grass pollen and tree
pollen; Soluprick, ALK, Hgrsholm, Denmark). The
median ages of the atopic and non-atopic asthmatics
were 62 and 42 months, respectively. The median
total IgE for the atopic infants with asthma was 242
kU/1 and for the non-atopic 16.9 kU/L

Patients with acute bronchiolitis: This group con-
sisted of 22 children aged 1-17 months (mean 6.4
months) needing hospitalization for their first episode
of bronchiolitis. Bronchiolitis was defined as acute
respiratory illness with tachypnoea, dyspnoea, pro-
longed expiration and wheezing on auscultation (18).

Nasopharyngeal mucus was examined for RSV
by direct immunofluorescence in all patients (bi-
oMeérieux, Marcy—l'Etoile, France). Eleven of the
patients were RSV positive and 11 RSV negative.
Seven of the patients had serum concentrations of
total IgE above the normal range, and one of these



had atopic dermatitis. Infants with pre-existing lung
disease (e.g. bronchopulmonal dysplasia) or signs of
bacterial infection were not included.

Controls: Nine non-atopic infants without asthma
or infection served as controls (mean age 62
months; range 13 - 86 months).

Ethics: The study was approved by the Regional
Ethical Committee, and signed statements of in-
formed consent were obtained from all parents.

Laboratory analysis

Venous blood was drawn at outpatient control or im-
mediately after admission for acute asthma or bron-
chiolitis. Serum was aliquoted and stored at —70°C
until analysis.

sICAM, sVCAM-1, sE-selectin, sL-selectin and
sP-selectin were analysed by enzyme-linked immu-
nosorbent assays (ELISA) (R&D Systems Europe
Ltd, Abingdon, UK) according to the manufacturer's
recommendations. All measurements were carried
out in duplicate. The lower limit of detection was
0.35 pg/l for sSICAM-1, 2 pg/l for sVCAM-1, 0.1 pg/
1 for sE-selectin, 0.3 ug/l for sL-selectin and 0.5 ug/l
for sP-selectin.

Serum total IgE was analyzed using the CAP sys-
tem from Pharmacia (Uppsala, Sweden). Serum-IgE
levels > 1 s.d. above the age related mean value was
considered elevated. Total and differential leukocyte
counts (Technicon H*2/H*3 or Coulter STKS) and
C-reactive protein (immunoturbidimetric technique;
Roche, Switzerland) were determined in all patients.
All patients with bronchiolitis and most with acute
asthma had a chest X-ray taken at admission.

Parameters of eosinophil inflammation, i.e. total
eosinophil counts and serum concentrations of eosi-
nophil cationic protein (ECP) and interleukin-5
were determined in all patients, the results of these
measurements have been published earlier (19).

Statistical analysis

Significance of difference was determined by the
Mann-Whitney U-test and Spearman's rank test was
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used for correlation analysis. P < 0.05 was consid-
ered significant. The data are given as mean, median
and quartiles.

Results
Acute asthma

The children with acute asthma had significantly
higher mean serum concentration of sSICAM-1 at ad-
mission than the children with stable asthma
(p<0.001) and the controls (p<0.05) (Fig. 1a and Ta-
ble 1). There was no significant relationship be-
tween the duration of symptoms before admission
and the levels of sSICAM-1. At follow up, the mean
SICAM-1 concentration was only slightly lower
than at admission (Table 1), and four patients had
serum concentrations of sSICAM-1 that were even
higher than those at admission one month earlier.
The mean serum concentration of sL-selectin was
slightly higher in children with acute asthma both at
admission and at follow up than in the healthy con-
trols, but these differences did not reach statistical
significance (Table 2). For sVCAM-1, sE-selectin
and sP-selectin the serum concentrations in children
with acute asthma were similar to those in the
healthy controls both at admission and at follow up
(Tables 1 and 2). In addition, there was no signifi-
cant correlation between the serum levels of any of
the adhesion molecules in acute asthma.

Stable asthma

In children with stable asthma, the mean concentra-
tion of sL-selectin was higher than in the controls
(p<0.05) (Fig. 1b and Table 2), and even in the sub-
group of children with mild stable asthma the mean
concentration of sL-selectin was elevated (p<0.01).
For sICAM-1, sVCAM-1, sE-selectin and sP-selec-
tin, the levels were similar in children with stable
asthma and in controls (Tables 1 and 2). There were
no significant differences between the serum con-
centrations of any of the circulating adhesion mole-
cules examined in mild and moderate stable asthma.

Table 1. The concentrations of circulating adhesion molecules of the immunoglobulin superfamily in sera from young children with asthma or acute bronchiolitis"

n

sICAM-1 sVCAM-1

Acute asthma {admission) 15
Acute asthma (follow-up) 10
Stable asthma 24
Acute bronchiolitis 25
Controls 9

442 (430; 411-492) pg/ 1
415 (430; 333-473) g/
363 (364; 328-394) pg/!
409 (398; 336-470) /!
363 (386; 291-431) g/

1054 (990; 845-1240) g/l
1124(952;  790-1367) g/
1171 (1120;  985-1360} pg/!
1637 (1432; 1310-1785) pg/l@
1019935, 797-1197) g/

1 The data are given as mean {median; quartiles).

2p < 0.05 as compared to healthy controls, and p < 0.001 as compared to children with stable asthma.

9p < 0.01 as compared to healthy controls.
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Teble 2. The concentrations of circulating selectins in sera from young children with asthma or acute bronchiolitis?

n sE-selectin sL-selectin sP-selectin
Acute asthma (admission) 15 111(97; 85-149) pg/| 1971 (1989; 1653-2290) pg/I 113(108; 88-142) pg/|
Acute asthma (follow-up) 10 91(96; 75-112) pg/l 1957 (1768; 1509-2225) pg/| 119{117; 96-136) pg/l
Stable asthma 24 97197, 73-113) pg/! 2080(2152; 1724-2401) pg/12 103 (106; 77-129) pg/I
Acute bronchiolitis 25 138 (106; 80-173) pg/| 2041 (2192; 1695-2339) pg/P? 128(112; 81-152) pg/|
Contrals 9 103 (76; 66-160) pg/! 1664 (1767; 1509-1802) pg/! 103 (101; 68-138) pg/!

The data are given as mean {median; quartiles).
2%p < 0.05 as compared to healthy controls.

In addition, there were no significant correlations
between the concentrations of any of the circulating
adhesion molecules in stable asthma.

Acute bronchiolitis

In acute bronchiolitis, the mean serum concentration
of sVCAM-1 was significantly higher than in the
controls (p<0.01) (Fig. 2a and Table 1). In addition,
the mean level of sL-selectin was significantly high-
er in the patients than in the controls (p<0.05) (Fig
2b and Table 2). Both the serum concentrations of
sE-selectin and sP-selectin were slightly higher in
acute bronchiolitis than in the controls (Table 2), but
these differences did not reach significance. The
levels of SICAM-1 in acute bronchiolitis were simi-
lar to those of the controls (Table 2). There were no
significant correlations between the levels of any of
the circulating adhesion molecules in bronchiolitis.
In addition, there were no differences in the serum
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concentrations of any of the circulating adhesion
molecules between children with RSV-positive and
RSV-negative bronchiolitis.

Atopy and parameters of eosinophil inflammation

The levels of circulating adhesion molecules were
similar in atopic and non-atopic children. There
were no significant correlations between total eosi-
nophil counts, serum ECP concentrations or serum
interleukin-5 concentrations and the concentrations
of any of the circulating adhesion molecules meas-
ured in this study.

Discussion

Recently, circulating isoforms of several cellular ad-
hesion molecules retaining their functional capacities
have been demonstrated and increased levels of sI-
CAM-1, sVCAM-1 or sE-selectin have been reported
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Fig. 1. SICAM-1 (a) and sL-selectin (b} in children with acute asthma, stable asthma and controls. Lines indicate mean values.
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Fig. 2. sVCAM-1 (a) and sL-selectin (b) in children with bronchiolitis. Lines indicate mean values.

in subgroups of adults with asthma (5-12). The circu-
lating forms can bind to their complementary recep-
tors and inhibit leukocyte-endothelial cell or leuko-
cyte-epithelial cell adhesion (5, 6), as well as modu-
late the functional status of key cells in the allergic in-
flammation, e.g. macrophages, T cells and eosin-
ophils (8). This indicates that the role of adhesion
molecules in inflammatory lung diseases goes be-
yond leukocyte recruitment, and it has been postula-
ted that circulating adhesion molecules might serve
as markers for the inflammatory activity in asthma, as
well as targets for new therapeutic approaches (5, 7).

Asthma

In this study, we have demonstrated that the serum
concentrations of SICAM-1 were significantly high-
er in young children with acute asthma than in
healthy controls, whereas the levels of SICAM-1 in
children with mild or moderate stable asthma were
similar to those measured in the controls. In our pa-
tients, as in adults (9, 10, 12), there was significant
overlap between the concentrations of sSICAM-1 in
the asthmatics and the healthy children. Moreover,
the concentrations of SICAM-1 one month after ad-
mission remained high, and in four of nine patients
the levels were even higher at follow up than at ad-
mission. Hence, the increased levels of SICAM-1 in
young children with acute asthma suggest a patho-
physiological process that does not significantly
level off in the first month after the acute attack
(10), but which may be reduced at least with oral
glucocorticosteroid therapy (12).

In adults, the serum concentrations of sE-selectin
has been reported to increase in acute asthma (9,

10), whereas in a study of stable asthma, sE-selectin
was similar to controls (20). In this study, the levels
of sE-selectin did not increase in acute asthma. It is
possible that the difference between our results on
acute childhood asthma and those found in adults
may reflect differences in disease activity. However,
other explanations, like different cytokine patterns
in acute childhood and adult asthma cannot be ruled
out.

The serum concentrations of sL-selectin were sig-
nificantly increased in the group of children with
mild and moderate stable asthma. L-selectin is shed
from activated leukocytes after endoproteolytic
cleavage, and serum sL-selectin is probably derived
both from leukocytes activated in the circulation
and in adjacent tissues (6). It has been postulated
that the shedding of L-selectin from large numbers
of leukocytes is required to induce noticeable eleva-
tions of sL-selectin in serum (21). Hence, increased
amounts of sL-selectin even in children with mild
asthma may support the current opinion that there is
a significant inflammation in the airways of even
mild asthmatics, implicating therapeutic considera-
tions concerning prophylactic treatment (22).

There is a need for objective tools to document
inflammation in small children with obstructive pul-
monary disease, as measurements of airway flow
and bronchial responsiveness are usually not poss-
ible in children less than 5 years old. Thus, it is of
interest that sL-selectin, in contrast to total eosi-
nophil counts, serum ECP, serum interleukin-5, sI-
CAM-1, sVCAM-1, sE-selectin and sP-selectin,
was the only parameter of inflammation that was
significantly increased in children with stable asth-
ma, and it is possible that sL-selectin could be of
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value for the evaluation of disease activity in these
children. However, sL-selectin in inflammatory
lung disease has to our knowledge not been reported
earlier, and further studies, including longitudinal
studies of larger patient cohorts and of effects of
anti-asthmatic therapy, are needed to determine the
possible usefulness of sL-selectin measurements in
the management and follow-up of children with
asthma.

The role of sL-selectin in asthma is not known,
but the increased serum levels in stable asthma may
suggest effects on the asthmatic inflammation, pos-
sibly through inhibition of leukocyte recruitment
(6). During acute asthmatic attacks, the levels of sL-
selectin were slightly lower than in stable asthma.
sL-selectin binds to activated venular endothelium
in regions of pulmonary inflammation (21). Thus,
during acute asthmatic attacks, inflammatory stim-
uli may induce strong upregulation of endothelial L-
selectin ligands that would bind circulating L-selec-
tin and tend to reduce the concentration in serum. A
similar mechanism seems to be of significance in
surgical patients at risk of developing the adult res-
piratory distress syndrome (23).

In our study of young children with asthma, the
levels of circulating cellular adhesion molecules
were similar in atopic and non-atopic patients. In the
youngest children with asthma, infection is often the
main trigger of symptoms even in atopic individu-
als, and this may explain why the results were simi-
lar in the two groups. In a study of adult asthmatics,
increased expression of ICAM-1 was demonstrated
in bronchial biopsies from atopic asthmatics com-
pared to non-atopic asthmatics (4). However, only
one (24) of five (9, 10, 20, 25) earlier studies has in-
dicated association between atopic asthma and ele-
vated serum levels of sSICAM-1 in adults.

Acute bronchiolitis

Several studies indicate a role for adhesion mole-
cules in the immune response in viral infections
(14-16, 26). This study demonstrated increased se-
rum concentrations of sVCAM-1 in children with
acute bronchiolitis as compared to healthy controls.
VCAM-1 seems to contribute to the recruitment of
T cells and eosinophils in tissue inflammation (1,
27). Hence, the high levels of sVCAM-1 may have
influenced the mobilization of these leukocytes into
the inflamed lungs of children with acute bronchi-
olitis.

Recently, it has been reported that children with
wheezing continuing 5 months after the first episode
of bronchiolitis, demonstrate increased production
of interleukin-4 after stimulation, compared to lym-
phocytes from subjects who did not wheeze (28). As
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interleukin-4 is associated with a TH-2 response, the
results suggests a link between a TH-2 response and
wheezing at this age group (28, 29). Interleukin-4 is
the main cytokine that stimulates the upregulation
of VCAM-1 on endothelial cells (1). Thus, elevated
levels of sVCAM-1 in our children with bronchioli-
tis are consistent with a role for this interleukin and
a TH2-dependent cellular response even at the first
episode of bronchiolitis.

The children with acute bronchiolitis had signifi-
cantly higher levels of sL-selectin than the control
children. As eosinophils seem to be involved in the
inflammation in bronchiolitis (30), increased levels
of sL-selectin may suggest a role for this molecule
in the regulation of eosinophil recruitment even in
bronchiolitis.

RSV infections of respiratory epithelial cell mon-
olayers enhance the cellular expression of ICAM-1
in vitro, promoting adhesion of neutrophils and eosi-
nophils to infected epithelium (14, 15). Recently,
slightly elevated sICAM-1 levels have also been
demonstrated in serum from infants with RSV bron-
chiolitis (16). On the basis of these findings it has
been postulated that ICAM-1 could play a role in
the inflammation of the lower airways during RSV
infection (15, 16). In our study, neither RSV posi-
tive or RSV negative bronchiolitis was associated
with increased levels of SICAM-1.

The results of measurements of circulating cellu-
lar adhesion molecules in asthma and other inflam-
matory lung diseases should be interpreted with
caution for several reasons (5). First, the measured
levels do not determine the amount of bioactive ad-
hesion molecules, and the fraction of active material
may vary between disease states. Second, the con-
centrations of circulating adhesion molecules do not
necessarily reflect the levels in the affected pulmo-
nary tissue. Third, a significant proportion of shed
adhesion molecules may also be captured on com-
plementary receptor-bearing cells. Fourth, little is
known on the rate of clearance of circulating adhe-
sion molecules. Thus, further studies should be
carefully designed to elucidate both the mechanisms
controlling the release of adhesion molecules and
their clearance, and their possible relevance for pa-
tient management.

Children with obstructive pulmonary disease dur-
ing the first years of life represent a heterogeneous
group, and distinct subgroups may be difficult to de-
fine (31). Moreover, the pathogenesis of early
wheezing and its relation to subsequent develop-
ment of asthma is poorly understood. However, our
data indicating differential elevation of circulating
molecules in children with acute bronchiolitis, sta-
ble and acute asthma suggest that there are differ-
ences in the underlying inflammatory responses in



these obstructive pulmonary disorders. The possible
clinical use of monitoring serum levels of circulat-
ing adhesion molecules remains to be determined.
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