
Background: Both IL-5 and intracellular adhesion molecule-1
(ICAM-1) have been shown to play important roles in the pro-
duction of allergic inflammation, including atopic asthma.
Objective: The aim of this study was to investigate the effects
of recombinant human IL-5 on changes of soluble (s) ICAM-1
concentrations in induced sputum from allergic asthmatic
subjects.
Methods: In a randomized, double-blind, placebo-controlled
study design, 8 nonsmoking patients with allergic asthma and
6 nonallergic normal subjects were administered recombinant
human IL-5 by nebulization, and the concentrations of
sICAM-1 in induced sputum from each subject were deter-
mined before and at 2, 24, 48, and 72 hours after inhalation.
Results: sICAM-1 levels in sputum within the control group
did not appear to change from baseline at any time throughout
the study. In allergic asthmatic subjects vehicle challenge was
not able to cause any changes in sputum sICAM-1 concentra-
tions. However, there were increases in sputum sICAM-1 con-
centrations after IL-5 inhalation, which increased with time to
significantly greater levels than those at baseline, reaching a
maximum at 48 hours and lasting no less than 72 hours. The
concentrations of sICAM-1 in sputum after IL-5 challenge
exceeded levels that could be accounted for by passive transu-
dation from the circulation on the basis of the magnitude of
increases in sputum albumin concentration.
Conclusion: Our results indicated that IL-5 inhalation was
capable of inducing an elevation of sputum sICAM-1 concen-
tration by stimulating its local release in allergic asthmatic,
but not in nonallergic normal, subjects. (J Allergy Clin
Immunol 1999;103:463-7.)
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It has become common parlance that inflammation is
an important component of the acute, subacute, and
chronic phases of asthma in humans.1,2 TH2 T lympho-
cyte–derived IL-5 is of particular interest in the patho-
physiology of asthma because it is associated with

eosinophilic inflammation. Increased expression of IL-5
mRNA has been found in sensitized animals and asth-
matic patients.3-5 It has also been demonstrated6 that as
compared with normal controls, the numbers of IL-5
immunopositive cells, as well as eosinophils, were
increased significantly in asthmatic bronchial mucosa
and that the degree of airway eosinophilia is associated
with an increased expression of IL-5 protein. Our previ-
ous studies indicated that IL-5 can not only induce
eosinophil infiltration into the asthmatic airways but also
activate the infiltrating eosinophils.7

Intracellular adhesion molecule-1 (ICAM-1) is a
member of the immunoglobulin supergene family con-
sisting of a 90 to 114 single-chain glycoprotein with a
polypeptide core containing 5 domains,8,9 and it is also a
ligand for lymphocyte function–associated antigen-1.10

ICAM-1 expressed on cell surfaces has been considered
to play a critical role in mediating cell-cell adhesion dur-
ing inflammatory responses and is important not only for
trafficking of inflammatory cells through endothelium
and epithelium10 but also for cellular presentation of
antigen to lymphocytes during allergic inflammatory
processes in the airways.11

Soluble (s) ICAM-1 contains most of the structure of
the extracellular portion of membrane-bound ICAM-1
and can also bind to lymphocyte function–associated
antigen-1.12,13 In previous studies we and others have
demonstrated that elevated concentrations of sICAM-1
were observed in the serum and sputum of asthmatic
patients.14-16 In this study we therefore investigated the
effects of IL-5 on changes of sICAM-1 concentrations in
allergic asthmatic subjects by administering recombinant
human (rh) IL-5 by nebulization to asthmatic subjects
and measuring concentrations of sICAM-1 in induced
sputum in a blinded crossover study.

METHODS

Subjects

Eight nonsmoking patients (5 men and 3 women; age range, 19
to 58 years) who met the criteria for a diagnosis of asthma as
defined by the American Thoracic Society17 were enrolled in this
study. All patients had mild atopic asthma, with baseline FEV1
greater than 70% of predicted value (mean ± SEM, 92% ± 3% of
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predicted value), requiring only intermittent use of inhaled β2-ago-
nists. All patients had a provocative concentration of methacholine
producing a 20% fall in FEV1 of less than 8 mg/mL. Each patient
had one or more documented positive skin prick test responses to
aeroallergens, but none was receiving immunotherapy or corticos-
teroid therapy. Six nonsmoking nonallergic normal healthy subjects
(3 men and 3 women; age range, 20 to 48 years) served as control
subjects. Each had a negative history for lung, heart, liver, or kidney
disease, as well as a normal chest radiograph and pulmonary func-
tion test results. No acute respiratory illness had occurred in the pre-
ceding 6 weeks. The study protocol was approved by the Ethics
Committee of Guangxi Medical University, PR China, and all sub-
jects provided written consent.

Study design

A randomized, double-blind, placebo-controlled study design
was used in which each subject acted as his or her own control.

At a preliminary visit, a methacholine inhalation test and skin
prick tests to a panel of common aeroallergens were performed. At
the same time, induced sputum and serum samples were obtained
for determining concentrations of sICAM-1 and albumin. The fol-
lowing afternoon (24 hours after baseline measurements), 10 µg of
rhIL-5 (Genzyme Co, Boston, Mass) in vehicle (0.1% BSA in 0.9%
saline) or vehicle only was inhaled as a 0.5 mL nebulized solution,
the chamber was refilled twice with 0.5 mL vehicle, and the nebu-
lization was repeated to scavenge any remaining rhIL-5. At least 4
weeks were allowed to elapse between the 2 inhalations, and the
order of inhalation of rhIL-5 or vehicle was randomized. Induced
sputum and sera were obtained 2, 24, 48, and 72 hours after the
inhalation of rhIL-5 or vehicle.

Blood samples

Venous blood samples were obtained from each subject. Sam-
ples were collected in tubes to obtain sera, and sera were stored at
–70°C.

Sputum induction and examination

Sputum induction was performed by the method described pre-
viously.18 Briefly, subjects inhaled nebulized 3.5% saline and
lavage orally with water before voluntary coughing every 2.5 min-
utes until 20 minutes had elapsed or until 5 mL of sputum had been
expectorated. The induced sputum samples were added with an
equal volume of 1 mmol/L dithiothreitol (Sigma Chemical Compa-
ny, St Louis, Mo) in Hank’s buffered salt solution and then were
mixed gently by vortex mixer and incubated at 37°C for 15 minutes
to ensure complete homogenization. After incubation, the homoge-
nized sputum was centrifugated at 2000 rpm for 5 minutes. The
supernatants were aspirated and stored at –70°C.

sICAM-1 assay

Induced sputum and serum samples previously stored at –70°C
were thawed. Concentrations of sICAM-1 were determined with
commercially available sICAM-1 ELISA kits (Boehringer
Mannheim, Germany). This is a sandwich ELISA based on the
binding of 2 mAbs that recognize different epitopes of sICAM-1.
Both antibodies recognize natural, cell line–derived sICAM-1 and
recombinant sICAM-1 from Escherichia colito the same extent. All
assays were done in duplicate.

Albumin assay and calculation of the expect-

ed increase in concentration of sICAM-1 in IL-

5–treated induced sputum

Both serum and sputum samples were assayed for albumin con-
centrations by using a sensitive ELISA method in which rabbit anti-
human albumin polyclonal antibody and peroxidase-labeled rabbit
anti-human albumin antibody (both purchased from Dako Corp,
Carpinteia, Calif) were used. As shown in the Results section, rhIL-
5 inhalation was capable of inducing elevations of sputum sICAM-
1 concentrations in allergic asthmatic subjects, but not in normal
subjects. To distinguish between increased local cleavage of cellu-

TABLE I. Changes of sputum sICAM-1 concentrations from allergic asthmatic subjects and nonallergic normal 
subjects after IL-5 or vehicle inhalation*

sICAM-1 (ng/mL)

Groups Baseline 2 h 24 h 48 h 72 h

Asthmatic subjects (n = 8)
IL-5 7.0 ± 2.4 7.8 ± 2.7 10.5 ± 2.6† 11.9 ± 2.5† 10.7 ± 2.4†
Vehicle 6.9 ± 2.2 7.1 ± 2.3 6.7 ± 2.1 7.3 ± 2.5 6.9 ± 2.3

Control subjects (n = 6)
IL-5 1.3 ± 0.5 1.4 ± 0.6 1.2 ± 0.6 1.2 ± 0.4 1.1 ± 0.5
Vehicle 1.5 ± 0.6 1.6 ± 0.6 1.6 ± 0.7 1.4 ± 0.5 1.5 ± 0.4

*Data are presented as means ± SEM.
†P < .01 compared with baseline.

TABLE II. Changes of serum sICAM-1 concentrations from allergic asthmatic subjects and nonallergic normal subjects
after IL-5 or vehicle inhalation*

sICAM-1 (ng/mL)

Groups Baseline 2 h 24 h 48 h 72 h

Asthmatic subjects (n = 8)
IL-5 245.6 ± 30.8 252.0 ± 31.5 327.4 ± 35.4† 338.1 ± 32.8† 326.8 ± 30.9†
Vehicle 242.3 ± 29.6 241.4 ± 31.1 245.9 ± 35.4 243.6 ± 33.1 249.2 ± 34.0

Control subjects (n = 6)
IL-5 100.0 ± 12.9 96.8 ± 15.3 103.0 ± 16.5 108.4 ± 15.6 107.5 ± 9.2
Vehicle 102.5 ± 12.2 108.0 ± 12.8 104.2 ± 12.3 106.7 ± 10.8 103.3 ± 9.9

*Data are presented as means ± SEM.
†P < .01 compared with baseline.
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lar ICAM-1 versus vascular leakage of sICAM-1 found in the
serum, we calculated the expected increase in sICAM-1 concentra-
tions in IL-5–treated sputum samples obtained from asthmatic sub-
jects, assuming the difference was caused simply by nonspecific
transudation from serum as with albumin. This value was then com-
pared with that of the actual increase measured by assay. Making
the assumption that the measured increase in albumin in induced
sputum should be accompanied by the same proportional amount of
sICAM-1 associated with it in the serum, the expected values for
each sICAM-1 concentration were calculated as follows:

Expected increase = (albumin
concentration in IL-5–challenged
sputum – albumin concentration
in sputum before challenge)×

Statistical analysis

All data are presented as means ± SEM. Statistical analysis was
done by repeated-measures ANOVA for data conforming to a nor-
mal distribution and by Friedman’s test for those data with a non-
parametric distribution (confirmed by the Shapiro-Wilk W test). A
paired t test was used to compare the data obtained at the same time
points between expected and actual increases in sICAM-1 concen-
trations. Probability (P) values less than .05 were considered signif-
icant.

RESULTS

All subjects tolerated the procedures without compli-
cation. The effects of rhIL-5 and vehicle inhalation on
changes of sputum sICAM-1 concentrations are shown in
Table I. In allergic asthmatic subjects, vehicle challenge
was not able to cause any changes in sputum sICAM-1
levels. However, there were increases in sputum sICAM-
1 levels after IL-5 inhalation, which, increased with time,
was significantly greater than baseline value, reaching a
maximum at 48 hours and lasting no less than 72 hours.
We noted that in nonallergic normal control subjects, nei-
ther rhIL-5 nor vehicle inhalation caused any changes in
sputum sICAM-1 levels at any time throughout the study.
Similar increases were observed in serum sICAM-1 con-
centrations after rhIL-5 inhalation in asthmatic subjects
but not in normal control subjects (Table II).

We also determined the concentrations of albumin in
both sputum and serum from all asthmatic subjects stud-
ied before and after rhIL-5 inhalation, and the results are
shown in Table III. To provide insight into the source of
IL-5–induced increase in sputum sICAM-1, a compari-
son was made of sICAM-1 and albumin concentrations

sICAM-1 concentration in
IL-5–challenged serum

Albumin concentration in
IL-5–challenged serum

in serum and sputum before challenge. If albumin is used
as an index of serum transudation into the airways under
baseline conditions, its concentration would predict com-
parably low levels of circulation-derived sICAM-1 in
sputum. In fact, however, the ratio of sICAM-1 in sputum
to that in serum before IL-5 inhalation was almost 6-fold
higher than the ratio of albumin in these 2 compartments.
These data suggest that the movement of circulating
sICAM-1 into airway luminal spaces is greatly facilitat-
ed compared with that of albumin or that sICAM-1 in
luminal spaces was derived from an additional source.
We also calculated an expected sICAM-1 value on the
basis of assayed concentrations of albumin and compared
expected increase with the actual increase in sICAM-1
concentrations observed after rhIL-5 inhalation. As
shown in Fig 1, the actual increases in sputum sICAM-1
concentrations after versus before rhIL-5 challenge were
significantly greater than expected. These results suggest
that significantly more sICAM-1 was recovered from the
airways after IL-5 inhalation than could be accounted for
by passive transudation with serum.

DISCUSSION

In recent years the role of airway inflammation in
asthma has received much attention. The development of
airway inflammation in asthmatic subjects is accompa-
nied by a highly complex sequence of events at both cel-
lular and hormonal levels in response to various stimuli
against airway epithelium. The course of any inflamma-
tory response depends on efficient antigen presentation
to relevant leukocytes, the mobilization of these cells to
the inflammatory site, and their attachment to target
cells, with all of these mechanisms being dependent on
cell-cell contacts. One of the mechanisms allowing this
close cell-cell contact is dependent on the expression of
cell adhesion proteins, such as ICAM-1, which is a sign
of cell activation.19 It has been reported that there is
increased expression of ICAM-1 in bronchial mucosa
and sputum cells obtained from allergic asthmatic sub-
jects, and this was associated with a significant airway
eosinophilia and a significant airway hyperresponsive-
ness.11,20,21When sensitized Brown-Norway rats were
administrated anti-ICAM-1 mAb, the infiltration of
eosinophils into the airways, as well as airway reactivi-
ty, were both inhibited.22 All these data suggest that
ICAM-1 is involved in the pathogenesis of bronchial
asthma.

TABLE III. Changes of albumin concentrations in sputum and serum from 8 allergic asthmatic subjects after IL-5
inhalation*

Albumin

Samples Baseline 2 h 24 h 48 h 72 h

Sputum (µg/mL) 198.5 ± 28.2 247.1 ± 24.6† 295.8 ± 32.0† 403.5 ± 54.1† 350.9 ± 37.1†
Serum (mg/mL) 39.3 ± 2.4 40.8 ± 2.8 39.8 ± 2.5 38.5 ± 2.1 38.9 ± 2.6

*Data are presented as means ± SEM.
†P < .01 compared with baseline.
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The most important finding in this study was that
rhIL-5 inhalation, but not vehicle inhalation, by allergic
asthmatic subjects produced a marked increase in con-
centrations of sICAM-1 in induced sputum. The changes
were time course–related in that the response was most
marked at 48 hours. Compared with baseline measure-
ment before challenge, increased sputum sICAM-1 lev-
els were observed from 24 hours after rhIL-5 challenge
and could last no less than 72 hours. We also found that
serum sICAM-1 levels were elevated in asthmatic sub-
jects by rhIL-5 inhalation in a similar manner. Our results
demonstrated directly that inhalation of 10 µg rhIL-5 in
patients with allergic asthma was able to induce an
increase in concentrations of sICAM-1 not only in air-
ways but also in circulation. On the other hand, we did
not observe that inhaled rhIL-5 had any effects on the
changes of sICAM-1 concentrations in nonallergic nor-
mal subjects. We also noted that the concentrations of
sputum sICAM-1 in asthmatic subjects after rhIL-5
inhalation exceeded those predicted to result from pas-
sive transudation from the circulation on the basis of the
magnitude of the increases in sputum albumin concentra-
tions. Although the possibility of active transport cannot
be excluded, these results suggest that sICAM-1 appear-
ing in sputum after rhIL-5 challenge came from a source
or sources other than the circulation.

The exact mechanism by which IL-5 contributes to ele-
vations of sICAM-1 in sputum is still unknown. In atopic
asthmatic subjects local endobronchial allergen instillation
leads to an increased expression of ICAM-1 in bronchial
mucosa, and this is accompanied by a significant recruit-
ment of eosinophils into the airways.23 IL-5 and TNF-α
have been reported to be able to upregulate the expression

of ICAM-1 in human eosinophils.24 These data suggest
that IL-5 makes a contribution to the upregulation of
ICAM-1 expression on eosinophils. Actually, stimulation
of rhIL-5 was directly shown to induce ICAM-1 gene
expression in the upper airway mucosa of allergic sub-
jects.25 In a similar study design to that of this study, we
also found that there were increases in the eosinophil num-
bers and eosinophil cationic protein in induced sputum
after rhIL-5 inhalation, which increased with time and was
significantly greater than that in control inhalation.18

Taken with previous results,7 it could be concluded that
IL-5 not only induces eosinophil infiltration into the asth-
matic airways but also results in the activation of infiltrat-
ing eosinophils. Therefore one mechanism by which IL-5
induced an elevation of sICAM-1 in induced sputum
observed in this study might be that eosinophils recruited
and activated by IL-5 in the asthmatic airways had an 
elevated ICAM-1 expression and thus produced and
released an increased concentration of sICAM-1 protein
into sputum. In addition, other sources of sICAM-1 might
also contribute to the IL-5–induced elevation of sputum
sICAM-1 concentrations. In human subjects lymphocytes,
mononuclear cells, granulocytes, fibroblasts,9,24 vascular
endothelium,26 alveolar macrophages,27 lung dendritic
cells,28 bronchial epithelial cells,29 and airway smooth
muscle cells30 are all potential candidates. It is possible
that IL-5 stimulates these cells to secret more sICAM-1.
We have shown previously that rhIL-5 inhalation can also
induce an increase in the number of activated eosinophils
in circulation in atopic asthmatic subjects,31 and therefore
the increase of sICAM-1 production from increased blood
eosinophils might be an explanation for the elevation of
serum sICAM-1 concen trations caused by rhIL-5 inhala-

FIG 1. Comparison of expected increase in sICAM-1 concentrations in sputum with that actually found in sputum
after rhIL-5 inhalation in 8 patients with allergic asthma. Comparison with paired t test; *P < .05, **P < .01.
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tion in this study. On the other hand, the observed
increase may have been caused by local production of
sICAM-1 in the IL-5–challenged airways followed by its
release into the circulation.

In conclusion, we have shown in this study that rhIL-
5 inhalation was capable of inducing an elevation of spu-
tum sICAM-1 concentration in allergic asthmatic sub-
jects but not in nonallergic normal subjects.
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