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Effects of inhaled steroid treatment on serum

eosinophilic cationic protein (ECP) and low
affinity receptor for IgE (Fc E RII/sCD23) in
childhood bronchial asthma

Ipek Ttirktas, Sadik Demirsoy, Esin Koq, Nahide Gokqora, Sehri Elbeg

Abstract
Serum eosinophilic cationic protein
(ECP) and soluble low affinity receptor for
IgE (Fc ( RII/sCD23) concentrations were
measured in relation to symptom-
medication scores, pulmonary function,
and total IgE levels in 27 chronic allergic
asthmatic children (17 boys, 10 girls),
mean age 10.8 years, before and at the end
of a three month inhaled corticosteroid
(budesonide) treatment period. Serum
ECP and sCD23 concentrations were also
measured in age matched non-asthmatic
controls with allergic rhinitis. All asthma
patients had significantly higher serum
ECP and sCD23 than the controls,
whereas the mean serum IgE was not dif-
ferent. No correlation between total IgE
concentrations and serum sCD23 could be
detected in either group. At the end of the
treatment period, symptom-medication
scores and pulmonary function improved.
Serum ECP and sCD23 concentrations
were reduced; however, total IgE values
did not change significantly. A significant
relation was found between the improve-
ment of symptom-medication scores and
fall in both sCD23 and ECP concentra-
tions. Although there was a significant
correlation of pulmonary function values
with serum ECP, no such relation was
observed for sCD23. It appears that serum
sCD23 and ECP concentrations could be
good disease markers, particularly in
asthma. Monitoring of serum inflamma-
tion markers, especially ECP, may be use-
ful in the follow up of asthmatic children
on anti-inflammatory treatment.
(Arch Dis Child 1996;75:314-318)

Keywords: inhaled corticosteroid, soluble low affinity
receptor for IgE (FcERII/sCD23), eosinophilic cationic
protein (ECP).

In bronchial asthma, bronchial tissue is the site
of acute and chronic inflammatory cell infiltra-
tion. It is important to evaluate and grade
asthma inflammation because this is a major
risk factor for short and long term outcome.'
Since bronchial biopsy and bronchoalveolar

lavage are not practical procedures for investi-
gating bronchial inflammation, indirect inflam-
mation markers in the sputum or peripheral
blood samples are used more frequently in the
monitoring of asthma. Of these, eosinophil
cationic protein (ECP) is a specific indicator of
eosinophilic activation,2 and soluble low affin-
ity Fc receptor for IgE (Fc E RII/sCD23), which
can be detected in the serum, is important in
the regulation of IgE synthesis and allergic
inflammatory reactions by affecting the activa-
tion, proliferation, and differentiation of B
lymphocytes.'
To evaluate the effect of asthma treatment

on serum ECP and sCD23 concentrations, we
obtained measurements before and at the end
of a three month inhaled corticosteroid
(budesonide) treatment period in children with
chronic allergic bronchial asthma. The results
were compared with symptom-medication
scores, pulmonary function tests, and total IgE
level obtained before and after termination of
treatment. Serum ECP and sCD23 concentra-
tions were also measured in age matched non-
asthmatic controls with allergic rhinitis.

Methods
Twenty seven children with moderate chronic
perennial allergic asthma4 who had not re-
ceived previous inhaled corticosteroid treat-
ment or immunotherapy were studied. They
were referred from other hospitals or general
practitioners to the outpatient clinic of the
department of allergy. Sodium cromoglycate
and ketotifen treatment were stopped two
weeks prior to the entry. Children with strictly
seasonal allergic asthma were excluded from
the study. Before entering the study, the
patients discontinued their usual maintenance
treatment for at least two weeks (run-in
period). After the run-in period, the children
started treatment with inhaled budenoside
(Pulmicort inhaler, Astra) 600 jig twice daily
for the first month and 400 jLg twice daily for
the next two months with a valved spacer
device (Nebuhaler). In all patients inhaled P2
agonists were used as necessary to control the
respiratory symptoms. Fifteen healthy children
with perennial allergic rhinitis, but no previous
history suggestive of asthma, served as con-
trols. During the two weeks of run-in period
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Table 1 Effect of budesonide on asthma symptom-medication scores, pulmonary function, serum IgE, and sCD23 and
ECP concentrations in chronic allergic asthmatic children. Data are mean (SD) (range)

Mean changes Control (allergic
Before treatment After treament (SD) * p rhinitis) Pt

Asthma symptom score 4.26 (1.44) 1.58 (0.37) -2.45 (0.12) < 0.01 0
(max.6) (1.24-6.0) (0.04-2.90)

Relief medication (number 3.48 (1.27) 0.24 (0.6) -3.19 (0.17) < 0.001 0
of puffs/day) (1.86-5.34) (0.02-1.12)

PEF (am) (l/min)t 275 (67) 302 (78) 24 (11) < 0.01 318 (44) < 0.01
(120-430) (144-460) (158-465)

PEF (pm) 292 (60) 310 (66) 21 (10) < 0.01 322 (40) < 0.01
(140-458) (158-470) (164-477)

FEVy (l)§ 1.98 (0.62) 2.12 (0.54) 0.17 (0.23) < 0.05 2.30 (0.39) < 0.05
(1.35-2.88) (1.44-3.08) (1.80-3.25)

FEF25-75 (/min)¶ 1.80 (0.72) 1.96 (0.84) 0.18 (0.28) < 0.05 2.21 (0.36) < 0.01
(1.26-2.70) (1.38-3.0) (1.40-3.48)

Total IgE (IU/ml) 48.2 (11) 36.5 (18) -9.4 (0.6) > 0.05 52.4 (18) (12-100) > 0.05
(6.5-90.0) (2.0-82.5)

sCD23 (U/ml)** 84.26 (31.7) 66.72 (28.4) -15.0 (8.7) < 0.05 42.5 (12.3) < 0.02
(48-156) (34-130) (17-90)

ECP(jLg/1)jt 29.6 (2.4) 13.8 (2.9) -16.5 (1.4) < 0.01 9.5 (3.2) < 0.001
(15.2-42.7) (8.3-19.0) (6.0-18.4)

Data presented as mean (SD), (range).
* Mean compared from baseline at end point for efficacy variables.
t Compared with controls cases before therapy.
* Peak expiratory flow rate.
§ Forced expiratory volume in one second.
¶ Forced expiratory flow mid-expiratory phase.
** Soluble low affinity receptor for IgE.
tt Eosinophilic cationic protein.

and three months of follow up, the day and
night symptoms of the patients were deter-
mined separately with a scoring method (0, no
symptoms; 1, mild; 2, moderate; 3, severe; total
daily score = 6). Peak expiratory flows (PEF)
were measured two times daily at home with a
peak flow metre (Asses peak flowmeter, Health
Scan Products Inc, Cedar Grove, NJ, USA).
Forced expiratory volume in one second
(FEV1) and forced expiratory flow, mid-
expiratory phase (FEF25-75) were measured by
means offlow-volume curves with an autospiro
device (Minato, AS-600, Osaka, Japan) before
and after the inhaled corticosteroid treatment
by the same blinded technician. Patients were
seen monthly to monitor their progress.
Patients were diagnosed as having asthma
according to criteria of the American Thoracic
Society.5 Allergic rhinitis patients were defined
as those having rhinitis symptoms but showing
no evidence ofbronchial hyper-responsiveness.
Patients were tested by the skin prick test with
the 25 most common allergens (ALK, Copen-
hagen, Denmark). Atopy was defined as a
radioallergosorbent test score (RAST) (Phar-
macia Ltd, Uppsala, Sweden) more than 2 and
a positive skin prick test to at least three inha-
lant allergens with a mean of horizontal and
vertical diameters more than
3 mm.
Blood samples were obtained before and at

the end of third months of inhaled corticoster-
oid treatment at 8.00-8.30 am and stored at
-70°C until later analysis. Patients did not
receive antihistaminic drugs, theophylline, P2
agonist, and systemic steroid therapy for at
least two weeks before the assay. No asthmatic
attack or infectious disease were noted at least
for three weeks preceding the test. Total IgE
levels were studied with a microparticle
enzyme assay (Abbott Diagnostic Division,
USA), sCD23 was measured by sandwich
enzyme linked immunoassay (ELISA) (Cell-
free CD23 Test Kit, T Cell Diagnostics Inc,

Woburn, MA, USA). Serum ECP concentra-
tions were studied using radioimmunoassay
(Pharmacia, Uppsala, Sweden) as previously
described6 after the run-in period and at the
end of the study. The detection limit of the
ELISA for sCD23 was 15 U/ml and the intra-
assay coefficient of variation of the radioimmu-
noassay for ECP was 6.1%. All assays were
done blind.

STATISTICAL ANALYSIS
For within group comparisons, the Wilcoxon
matched pairs signed ranks test was used. For
comparisons between asthma and control
groups the Mann-Whitney U test was applied.
Spearman's rank correlation analysis was used
for correlations.

Results
Twenty seven asthmatic children (17 boys, 10
girls), mean age 10.8, SD 2.4 years, range 7.5
to 15.0 years, mean asthma duration 5.6 (2.0)
years, completed the study. Two children were
excluded from the study group because of
non-compliance and failure to complete the
symptom diaries. Fifteen healthy non-
asthmatic children (12 boys, three girls), mean
age 12.0 (1.8) years, range 9.0 to 14.5 years,
with perennial allergic rhinitis were recruited
as a control group. All children were allergic to
three or more inhalant allergens as determined
by skin prick testing and RAST. The most
common allergens were house dust mite and
grass pollens. At the end of the treatment, the
mean symptom and medication scores were
significantly reduced (p<0.01, p<0.001).
Mean morning and evening PEF, FEV1, and
FEF25 75 increased significantly (p<0.01,
p<0.01, p<0.05, and p<0.05 respectively)
from the run-in period in all patients within the
three months of treatment (table 1).
There was no significant difference (p>0.05)

in total serum IgE concentration between the
asthmatic and control groups, and serum IgE
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Change in serum ECP concentrations (ig/I)
Figure 1 Relation between the decrease in (A) mean
symptom score (r = 0. 62, p<0. 01) and (B) medication score
(r = 0. 57, p<0. 02) and the decrease in serum eosinophilic
cationic protein (ECP) during the treatment period.

did not change after budesonide treatment
(p>0.05). No correlation between total IgE
and serum sCD23 could be detected in either
group. The mean serum ECP and sCD23 val-
ues obtained before treatment were higher than
the values in the control group (p<0.001,
p<0.02 respectively). They decreased signifi-
cantly (p<0.01, p<0.05 respectively) to control
levels after treatment (table 1).

While there was a weak correlation between
the decrease in sCD23 levels and the reduction in
symptom scores (r = 0.42, p<0.05), a significant
correlation was observed with the decrease in
ECP concentrations (r = 0.62, p<O.01) (fig 1). A
similar correlation was present between the
reduction in P2 agonist requirement and decrease
in sCD23 and ECP concentrations (r = 0.36,
p<0.05; r = 0.57, p<0.02 respectively) (fig 1).
Likewise, the improvement in pulmonary func-
tion tests showed a significant relation with the
decrease in ECP concentrations (mean FEV1, r =

-0.46, p<0.04; FEF25-75, r = - 0.38, p<0.05;
morning PEFR, r = -0.41, p<0.05; evening
PEFR, r = -0.43, p<0.05) (fig 2), whereas no

significant association was observed between the
decrease in sCD23 concentrations and the
improvement in pulmonary function tests (mean
FEV1, r = -0.21; FEF25-75, r = -0.22; morning
PEFR, r = -0.16; evening PEFR, r = -0.18).

Discussion
Decision to start regular anti-inflammatory
prophylactic treatment is made based on the
frequency and severity of asthmatic symptoms,
along with the results of pulmonary function
tests, and the follow up is made according to
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Figure 2 Relation between the increase in (A) FEV, (r =
-0.46,p<O.04) and (B) FEV257S (r = -0.38,p<0.05)
and the decrease in serum eosinophilic cationic protein
(ECP) during the treatment period.

the same indices.4 However, it is known that
these variables are not always objective indica-
tors. In a recent study that was performed on

adult patients with asthma, worsening of
symptoms occurred without significant dete-
rioration in pulmonary function tests in 45% of
patients. In 10% of the patients there was a fall
in pulmonary function, although they were not
aware of any change in their symptoms. A rela-
tion between the asthma symptoms and
pulmonary function tests was found in only
45% of the patients.7 Therefore, in clinical
practice it was suggested that in addition to
pulmonary function testing, asthma symp-
toms, bronchodilator requirement, and inflam-
matory markers must also be evaluated.2 8 9

In a recent report it was shown that ECP
concentration was increased in both allergic
asthma and intrinsic asthma patients.'0 Simi-
larly, there was no difference in sCD23 levels
between allergic and non-allergic children after
3 years of age." Thus it is emphasised in pub-
lished reports that sCD23 and ECP concentra-
tions, particularly in bronchial asthma, are use-
ful as markers of disease rather than of allergy
as such.2 112 As in other studies, the concentra-
tions ofsCD23 and ECP in asthmatic children
were found to be higher than in non-asthmatic
children with allergic rhinitis in our study. In
allergic rhinitis the target tissue is smaller than
in asthma so the markers of inflammation may
not be detected in the peripheral blood. At
entry, although our asthmatic children were
asymptomatic they had higher concentrations
of sCD23 and ECP than non-asthmatic
children. This finding suggests subclinical
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inflammation in asthmatic children during
symptom-free intervals. This was already
reported by Van Bever et al,'3 who found that
asymptomatic asthmatic children have higher
levels of soluble interleukin-2 receptor and
ECP than normal children.

Inhaled corticosteroids are effective in all
patients irrespective of asthma severity. Gener-
ally, quite marked and rapid clinical improve-
ments and changes in pulmonary function tests
can be seen even with very low daily doses
(around 100 gg) even in children with moder-
ate and severe asthma,'4 whereas higher doses
(around 600 ,ug/day) and longer treatment are
required to control hyper-reactivity.'45 In our
patients after three months' treatment both
symptoms and pulmonary function tests im-
proved significantly and bronchodilator re-
quirement decreased in most ofthem. Recently
a long term study has provided information on
the beneficial clinical effects associated with
long term continuous use of inhaled budeso-
nide. It was realised that budenoside signifi-
cantly increased the rate of growth in lung
function with age in comparison with the chil-
dren not receiving inhaled steroids.'6 These
results suggest that bronchial inflammation
decreases with the inhaled corticosteroid
therapy.

Total IgE concentrations did not decrease
with inhaled steroid therapy in our patients and
there was no correlation between IgE and
sCD23 concentrations before and after the
treatment. In patients undergoing bone mar-
row transplantation, sCD23 concentrations
increase initially, followed several days later by
a rise in total IgE. This indicates that these two
variables do not increase concomitantly.'7
Despite there being no change in IgE levels
with inhaled steroid therapy, sCD23 concen-
trations decreased significantly. In an in vitro
investigation, the pharmacological modulation
of the CD23 expression on monocytes was
investigated. Corticosteroids (dexamethasone
or betamethasone) inhibited in a dose and time
dependent manner the interleukin-4 induced
CD23 expression on human monocytes. In
contrast to corticosteroids, ketotifen did not
alter the same reaction. 2 Agonists potentiated
the interleukin-4 induced CD23 expression.'8
While a weak correlation was found between
the improvement in the symptom-medication
scores and the reduction in sCD23 levels, no
correlation was found with pulmonary func-
tion tests in our study. Hoeger et al '" showed a
weak correlation between sCD23 levels and
asthma severity in asthmatic children older
than 10 years, while there was no significant
relation in younger children.

Studies in a large number of patients have
shown that the ECP concentrations are in-
creased in chronic asthmatics and decreased
during effective anti-inflammatory treat-
ment.2 10 20 21 In our study, serum EGP de-
creased significantly at the end of the inhaled
steroid treatment period. Studies by Dju-
kanovic et al 22 in patients with asthma and by
Lozewicz et al 23 in patients with allergic rhini-
tis have shown that treatmlent for two to six
weeks with topical corticosteroids decreased

the numbers of activated eosinophils in,
respectively, the bronchial and nasal mucosa of
these patients. In many studies, serum ECP
has shown a definite correlation with a disease
in activity of asthma.9 20 However, this has not
been the case in all studies.2' 24 A significant
correlation was observed between the reduc-
tion of symptom-medication scores with im-
provement in pulmonary function tests and the
decrease in ECP concentrations in our patients

In conclusion, our results show that inhaled
corticosteroids decrease the concentrations of
both ECP and sCD23 in serum, presumably
by inhibiting inflammation in the airways.
Monitoring of serum inflammation markers,
particularly ECP, may be useful in the follow
up of asthmatic children on anti-inflammatory
treatment.
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