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A randomized, double-blind trial of the effect of glucocorticoid, antileukotriene
and B-agonist treatment on IL-10 serum levels in children with asthma

I. Stelmach, J. Jerzynska and P. Kuna*

Department of Paediatrics and Allergy, The M. Curie Hospital, Zgierz, and *Department of Allergy and Pneumonology, Medical University, Lodz, Poland

Introduction

Summary

Background Levels of an immunoregulatory and anti-inflammatory cytokine IL-10 are reduced in
asthmatic airways, potentially contributing to more intense inflammation. Triamcinolone has anti-
inflammatory properties and the anti-inflammatory effects of montelukast and formoterol have been
discussed.

Objective The purpose of this study was to define the effect of treatment with triamcinolone,
montelukast and formoterol on the serum level of IL-10, eosinophil blood counts, eosinophil
cationic response (ECP) and clinical parameters (symptom score, FEV; and PC,yH) in children
with moderate asthma.

Methods An 8-week, placebo-controlled and randomized, double-blind trial was carried out. The
subjects were 91 children with moderate atopic asthma who were allergic to dust mite. Patients were
randomly allocated to receive 400 g triamcinolone (2=19), 5 or 10mg (according to age) montelu-
kast (n=18), 24 g formoterol (n=18) or placebo (n=36).

Results  Seventy-nine children completed the study. After treatment with triamcinolone and mon-
telukast the level of IL-10 in blood serum significantly increased, eosinophil blood counts and ECP
levels significantly decreased and all clinical parameters improved; treatment with formoterol had no
effect on IL-10 level, eosinophil blood counts in serum and bronchial hyper-reactivity; ECP level
significantly decreased after treatment and asthma symptoms and FEV, improved significantly.
Mean IL-10 levels in serum before and after treatment with triamcinolone were 7.23 pg/mL with 95%
Cl, 6.74-7.72% and 14.24pg/mL with 95% CI, 11.6-16.88%, respectively (P<0.001); with montelu-
kast they were 6.59pg/mL with 95% CI, 6.26-7.23% and 10.94pg/mL with 95% CI, 8.24-12.65%,
respectively (P<0.002); with formoterol they were 7.06 pg/mL with 95% CI, 6.61-7.52% and 7.04
pg/mL with 95% CI, 6.15-7.93%. We found statistically significant correlations between serum level
of IL-10 and serum level of ECP after treatment with triamcinolone and montelukast.

Conclusion This study demonstrates that one possible way by which triamcinolone and montelu-
kast contribute to inhibition of inflammation is by increasing IL-10 levels.
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(IL-1B, IL-6, IL-8, IL-12 and TNF-a), growth factors, [CAM-1
and chemokine (MIP-1a) production by mononuclear phago-
cytes, as well as IFN-y and TNF-ao by natural killer cells. These

The normal respiratory tract is characterized by elevated con-
centrations of IL-10 [1]. Thus, IL-10 production in the lungs of
non-asthmatic patients may play a role in limiting pathology-
inducing inflammatory Th2 responses [2]. IL-10 levels are re-
duced in asthmatic airways, potentially contributing to more
intense inflammation. Subsequent studies have demonstrated
IL-10 production by human Thl and Th2 lymphocytes [3], as
well as cytotoxic T cells, mast cells, monocytes, B lymphocytes,
keratinocytes, eosinophils and various tumour cells [4]. This
cytokine inhibits proliferation of T cells activated by anti-CD3
antibodies in the absence of antigen-presenting cells at the tran-
scriptional level. IL-10 also inhibits pro-inflammatory cytokines
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in vitro findings were corroborated by in vivo studies in which a
single intranasal dose of IL-10 concurrent with antigen chal-
lenge in previously sensitized mice specifically inhibited airway
neutrophilia and eosinophilia and TNF production induced by
antigenic challenge [5,6]. The inhibitory effects of IL-10 are in
contrast to its effect on B lymphocytes, in which it functions
as an activating factor that stimulates cell proliferation, IgG
secretion and the y-isotype switch. Other pro-inflammatory
activities of IL-10 include the abilities to enhance IL-2- and
IL-3-dependent T cell proliferation and the local accumulation
of T cells in vivo. The fact that IL-10 inhibits cytokine produc-
tion by Th2 lymphocytes has led to the concept that IL-10 might
be beneficial in mitigating allergic inflammation.

There are limited data on changes in I1-10 levels in the serum
of children with asthma. The presence of both pro- and anti-
inflammatory activities for IL-10 points to the need to carefully
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study its role in allergic inflammation. Corticosteroids are well-
established anti-inflammatory drugs with an inhibitory effect
on pro-inflammatory mediators. The leukotriene modifiers are
the new safe agents for the treatment of asthma and their
possible anti-inflammatory properties have been studied.
Some published studies showed inhibitory effect of antileuko-
trienes on bronchial hyper-reactivity [7] and production of IL-4,
IL-5 and GM-CSF in patients with bronchial asthma [8]. An
anti-inflammatory effect of op-agonists has been discussed.
Their possible anti-inflammatory effect is based on in vitro
studies and provocation testing in both animals and humans
[9] and has not been thoroughly studied in vivo.

As IL-10 inhibits cytokines associated with cellular immunity
and allergic inflammation while stimulating humoral and cyto-
toxic immune responses, we investigated the effect of 4 weeks of
treatment with triamcinolone, montelukast and formoterol on
the serum level of IL-10, eosinophil blood count, ECP, bronchial
hyper-reactivity, asthma symptoms severity and lung function
in children with moderate asthma, allergic to dust mite.

Materials and methods

Patients

Ninety one children with moderate atopic asthma and sensitive
to house dust mites, participated in an 8-week study. The study
took place from May to September, when the exposure to dust
was at a constant level and all children remained in the same
environment. Subjects were recruited from our Clinic Center in
Zgierz, Poland. Asthma symptoms were assessed using a ques-
tionnaire. Atopy was measured by skin prick tests and serum
IgE. In the 4 weeks preceding the study, all patients had not been
treated with inhaled corticosteroids, nor leukotriene antagon-
ists nor long-acting B-agonists.

Study design

This was a randomized, double-blind, placebo-controlled trial
comparing the effect of triamcinolone acetonide (Azmacort,
Aventis, Bridgewater, NJ, USA) aerosol, one puff four times
daily, 400pg/day, inhaled formoterol (Foradil, Novartis,
Switzerland), one puff twice daily, 24 pg/day, delivered by dry
powder capsules, montelukast sodium (Singulair, MSD,
Whitehouse Station, NJ, USA), Smg tablets in children aged
9-14 years or 10mg tablets in children over 14 years old, and
placebo, on serum levels of IL-10 and clinical parameters (score,
FEV1 and PC,oH) of asthma. There were three study visits. At
the first visit we enrolled 91 patients and put them on B,-agonist
(Ventolin, GlaxoWellcome, London, UK) 100pg four times
daily for 4weeks. They were informed of the purpose of the
study and were told how to score asthma symptoms and use the
inhaler. At the second visit, the subjects were randomized
according to a computer-generated allocation schedule to treat-
ment with:
e triamcinolone, formoterol placebo, montelukast placebo (19
patients, triamcinolone group);
e montelukast, triamcinolone placebo, formoterol placebo (18
patients, montelukast group);
e formoterol, triamcinolone placebo, montelukast placebo (18
patients, formoterol group);
e triamcinolone placebo, formoterol placebo, montelukast pla-
cebo (36 patients, placebo group).
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The third visit was after 4 weeks of treatment. Blood sampling
and lung function testing in individual patients always took
place on the same day of the week and on the same time at the
second and third visit. At each visit a short history was taken
and the patients’ diary was evaluated. At visits two and three a
blood sample was taken for measurement of IL-10, ECP and
eosinophil blood count. At each visit baseline spirometry was
performed as well as a histamine challenge test. Before lung
function testing formoterol was withheld for 24h and ventolin
was withheld for at least 6h.

Skin prick tests

Skin prick tests for common inhaled allergens (Allergopharma,
Reinbek, Germany), were performed to identify the presence of
atopy. A mean weal diameter > 3mm and > the histamine
control was defined as a positive response. Patients with at
least one positive response to an allergen were regarded as
atopic. Skin prick tests were positive against both D. farinae
and D. pteronyssinus extract in 77/91 patients, against only D.
farinae in 8/91 and only D. pteronyssinus in 6/91. Skin sensitivity
to house dust mites was similar in all groups. Out of the 91
children tested, six also showed positive skin prick tests to dog,
and four to cat. None of these 10 patients had a cat or dog at
home, nor did they have any clinical symptoms after contact
with one.

Questionnaire

An asthma-screening questionnaire was based on the Paediatric
Asthma Quality of Life Questionnaire and scales previously
shown to have acceptable evaluative measurement properties
[10,11]. Daytime asthma symptoms score and nocturnal awa-
kenings were scored subjectively, each morning and evening, as
follows: 0=no symptoms during the day/night; 1 =symptoms,
but they do not affect any activities during the day/night sleep;
2=symptoms which affect at least one daily activity/disturb
night sleep; 3=symptoms which affect two or more daily acti-
vities/disturb sleep all night or most of the night. In addition,
use of B-agonists was scored: 0=none, 1 =once a day, 2=two to
three times a day, 3=more than three times a day. Minimum
score for each day was 0 (no symptoms daytime, no symptoms
at night and no use of B-agonists) and maximum score was 9
(severe symptoms daytime and night and more then three uses
of B-agonists). The mean value from a 1-week period before a
visit was taken.

Lung function measurements

Forced expiratory volume in one second (FEV) was measured
by a spirometer (Lungtest 1000) taking the highest of three
successive measurements. Reference values were computed
according to the recommendations of the ECSC report on
standardized lung function testing in children. Histamine
inhalation provocation tests were performed following the
method described by Cockcroft [12], using the 1-min tidal
breathing method, with a De Vilbiss nebulizer (DeVilbiss
Health Care Inc., Somerset, PA, USA) with an output of 0.33
mL/min and the Lungtest 1000 spirometer. After baseline
measurements of FEVy, subjects inhaled five puffs of saline
solution; this FEV, value was taken as the control, and if
FEV, variations were within 10% of baseline, the patients
were entered into the study. Patients then inhaled successively
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Table 1. Patient baseline characteristics. All values are expressed as means + SD

Treatment groups

Triamcinolone Montelukast Formoterol Placebo
No. patients 15 15 15 34
No. male 8 9 6 15
Age 12.0+2.28 11.6+1.7 11.6+1.5 122+1.7
Duration of asthma 3.8+0.6 39+05 3.7+ 0.6 3.9+0.5
Asthma symptoms (score)* 71+0.8 6.0+0.8 7.3+0.7 6.5+ 1.1
FEV (%n) 746+ 4.1 76.7 +3.9 743+43 75.3+5.1

Before: before four-week treatment. After: after four-week treatment. P: statistical significance rate.

greater concentrations of histamine, ranging from 0.03 to 8
mg/mL. FEV; was measured 90s after each concentration
step. The provocation was terminated when FEV, fell by at
least 20% from the post-saline value or after having gone
through all the concentrations of histamine. The result was
expressed as the provocative concentration of histamine caus-
ing a 20% fall in FEV (PC,oH).

Laboratory tests

Two-millilitre blood samples were drawn from each patient at
visits two and three. Blood was collected into serum separator
tubes (S-Monovette, Sarstedt, Germany) that were allowed to
stand at room temperature (22 °C) for 1 h, and then centrifuged
at 3000g at 4°C for 10min Aliquots of serum were stored for
analysis. All specimens were stored at —70°C before being
analysed. In each sample, serum IL-10 and ECP were measured
using a commercially available immunoassay technique
according to the instructions of the manufacturer. IL-10 was
measured using the ELISA kit (R & D Systems, Minneapolis,
MN, USA) with sensitivity <3.9pg/mL. ECP was measured by
Pharmacia CAP, Sweden kit; the intra-assay correlation coeffi-
cient was 0.97. Number of eosinophils was measured by an
automated haematology analyser K-4500 (Sysmex, Kobe,
Japan) and expressed as the number of cells per mm?.

Statistical methods

The results were analysed according to known statistical
methods by using StatSoft Statistica for Windows, release 5.0
(StatSoft, Inc., Tulsa, OK, USA). Data were presented as mean

with 95% confidence intervals (CI), except for PC20, which was
assessed by geometric mean with 95% CI. On demographic
data, mean with standard deviation (SD) was used. All param-
eters were analysed using a one-way analysis of variance
(aNovA). All analysis were determined by Student’s z-test and
confirmed by non-parametric Fisher and Wilcoxon tests.
Significance of difference was determined by Wilcoxon’s
w-test. P-values <0.05 were considered to be significant. Test
Tukey ‘a’ was used to determine the difference in the effect on
IL-10 levels between groups. Pre-study power analysis was
made to estimate the number of patients needed to demonstrate
a difference between the intervention group and the control
group.

Ethics

The study was approved by the Medical Ethical Committee of
the Medical University and all the patients’ parents or guard-
ians gave their written consent for participation in this study.

Results

Seventy-nine subjects completed the study: 15 in the triamcino-
lone group (triamcinolone, formoterol placebo, montelukast
placebo), 15 in the montelukast group (montelukast, triamci-
nolone placebo, formoterol placebo) 15 in the formoterol
group (formoterol, triamcinolone placebo, montelukast pla-
cebo) and 34 in the placebo group (triamcinolone placebo,
formoterol placebo, montelukast placebo). Twelve patients
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were withdrawn from the study because of: asthma exacerba-
tion (eight patients during first 4 weeks of treatment with vento-
lin alone), lost to follow-up (two patients) and patient withdrew
consent (two patients). Characteristics of the patients who com-
pleted the study are given in Table 1.

At the beginning of the study, serum levels of IL-10 did not
differ between the groups. After 4weeks of treatment, triamci-
nolone and montelukst, compared with placebo, significantly
increased the level of IL-10 (Fig. 1), and significantly decreased
levels of ECP and eosinophil count in serum in children with
moderate asthma. All parameters of clinical manifestation of
asthma, FEV,, PC, H and clinical score, improved in both
groups as well. Formoterol had no effect on IL-10 levels in
serum; ECP and eosinophil count significantly decreased.
Clinical score and lung function, but not PC,, significantly
improved after treatment with formoterol. Data are presented
in Table 2.

Correlations

We found statistically significant correlations between serum
IL-10 and serum ECP after treatment with triamcinolone
(r=-0.8069) (Fig. 2) and montelukast (r=—0.5418) (Fig. 3).
We found no correlations between any other measured
parameters.

Discussion

Our study showed that a 4-week treatment with triamcinolone
and montelukast increased serum levels of IL-10, decreased
level of ECP and eosinophil blood count and was associated
with clinical improvement of asthma, measured by FEV, and
clinical score of asthmatic well-being and attenuation of bron-
chial hyper-reactivity. The effect of triamcinolone on IL-10
level was greater than that of montelukast. Treatment with
formoterol had no effect on IL-10 level in serum and eosinophil
blood count; ECP decreased significantly. Clinical score and
lung function, but not PC,yH, improved after treatment with
formoterol.

According to Borish et al., corticosteroids (GCS) inhibit
(in no dose-dependent manner) production of IL-10 in periph-
eral blood mononuclear cells in vitro [1]. They suggest that
although diminished IL-10 production by corticosteroids may

paradoxically enhance cellular and allergic immunity, this may
be predicted to have an anti-inflammatory effect on humoral
and cytotoxic influences mediated by IL-10. Another study also
showed inhibition of IL-10 by glucocorticosteroids in the
human monoblast cell line [13]. In contrast, Taieb et al. showed,
that during steroid therapy in patients with hepatitis, plasma
levels of the anti-inflammatory cytokine IL-10 increased [14].
Hodge et al., in their study, examined the effects of GCS on
IL-10 production by individual cells (monocytes, T lympho-
cytes and NK cells) in whole blood [15]. Monocyte production
of IL-10 was enhanced at low concentrations of GCS, suggest-
ing that one anti-inflammatory mechanism of GCS action may
be through upregulation of the anti-inflammatory cytokine
IL-10. Another study in mild-asthmatic subjects showed that
inhaled budesonide (800 g twice daily) did not alter IL-10 from
blood monocytes, but both IL-10 mRNA and protein expres-
sion from stimulated alveolar macrophages were increased,
suggesting beneficial actions of steroids in asthma by enhancing
IL-10; budesonide also reduced bronchial hyper-responsiveness
and improved baseline FEV in these patients [16]. Our study
showed that treatment with corticosteroids increased levels
of IL-10 in all patients and it was always associated with
better clinical outcome of asthma-PC,oH, FEV, and clinical
score, probably due to various anti-inflammatory effects of
steroids.

In the literature there are no data on the effect of antileuko-
triene drugs on IL-10 levels in serum. Our study showed that
treatment with montelukast significantly increased serum
level of IL-10, decreased ECP, cosinophil blood count and
bronchial hyper-reactivity, improved FEV, and provided better
symptom control. These data suggest possible reasons for the
anti-inflammatory effects of leukotriene modifiers.

In our study, treatment with beta-agonists had no effect on
IL-10 level, eosinophil blood count and bronchial hyper-
reactivity; formoterol decreased serum ECP level and improved
asthma symptoms. Suberville et al., in their study, showed that
isoproterenol (a specific B-adrenergic agonist) increased 1L-10
release from activated mouse peritoneal macrophages [17].
Another study indicated also that production of IL-10 was
increased after the cells were treated with B-agonist [18].

Some studies have shown that anti-inflammatory treatment
of asthma has an effect on IL-10 [14-16], which suggests that
IL-10 could be a marker in monitoring of disease. Our research
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showed that patients treated with montelukast and triamcino-
lone had increased serum levels of IL-10 and improved asthma
symptoms and airway hyper-reactivity. We cannot rule out the
possibility that increased levels of IL-10 were the effect of
treatment on other mediators and better asthma control and
didn’t necessarily reflect a direct effect of treatment on IL-10.
We used ECP as a clinical marker in asthma and we found
statistically significant correlation between serum IL-10 and
serum ECP after treatment with triamcinolone and montelu-
kast (Figs 2 and 3). Our data show that another possible way by 10
which antileukotrienes and glucocorticoids contribute to inhib-

ition of inflammation is by increasing IL-10 levels. With our 1
understanding of the role of IL-10 in inflammation, it seems
that clinical trials in asthma may show promise and help to
answer the question of whether IL-10 can be a good marker of
disease. 1
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