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Abstract

Background: Chronic inflammation and airway remodeling are important characteristics of human asthma.
Increased deposition of extracellular matrix in the airway wall contributes to airway remodeling in asthmatics.
Glycosaminoglycans (GAGs) are polysaccharides attached to a protein core to form proteoglycans, a component of
the ECM.

Objective and method: In this study, urinary GAGs levels of asthmatic children were investigated in relation to
disease control and medication. Sixty asthmatic children (48 boys, 12 girls), aged 4-14 years, were recruited in the
study; twenty were controlled asthma on inhaled fluticasone, twenty were uncontrolled asthma due to incompliance
on inhaled fluticasone and twenty uncontrolled who were only on relief medications. Age and gender matched 20
healthy controls were also included. GAGs were precipitated from collected early morning urine samples, isolated
and quantified then expressed in μg GAGs/mg creatinine/m2. Urinary GAGs levels were significantly lower among
healthy controls than asthmatics (58.0 ± 31.0 and 98.1 ± 41.0 μg/mg creatinine/m2 respectively) with significant
higher values in children on inhaled corticosteroids (ICS) whether controlled or uncontrolled (113.3 ± 56.8 and 88.9 ±
49.7 μg/mg creatinine/m2 respectively) than asthmatics on relief medications (32.2 ± 23.5 μg/mg creatinine/m2).
Furthermore, we found a positive correlation between daily doses of inhaled fluticasone and urinary GAGs values.

Conclusion: Urinary GAGs secretion is reduced in asthmatic children using only relief medication but it is
increased in those on long-term treatment with ICS which plays an important role in preventing remodeling.
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Introduction
Asthma is a prevalent chronic disease which is not optimally

controlled in about 50% of cases even in developed countries. It has a
high burden of morbidity especially if not controlled [1]. Airway
inflammation, a major element of asthma pathophysiology, and
related to asthma severity [2,3] and asthma control [4] and causing
systemic signs of inflammation as well [5]. Easily obtainable markers
of systemic inflammation especially those related to clinical control of
asthma may help in clinical decision-making. Recently, a number of
studies investigated the sensitivity of circulating inflammatory markers
in the evaluation of asthma control. Increase in proinflammatory
cytokines, such as interleukin-6 [6] and tumor necrosis factor-α
[7,8] have already been described in asthmatic patients as well as
elevated circulating C-reactive protein levels in non-allergic [9], and
neutrophilic asthma [10]. In steroid-naive asthmatic patients C-
reactive protein levels negatively correlated with indices of lung
function (forced expiratory volume in one second (FEV1), FEV1/
forced vital capacity and forced mid-expiratory flow) and positively
with sputum eosinophil count [11].

Chronic inflammation and airway remodeling are important
characteristics of human asthma. These include the infiltration of

inflammatory cells and an abnormal accumulation of extracellular
matrix (ECM) in the sub-epithelial basement membrane region and
sub mucosa [12,13]. Therefore, increases in ECM degradation
products may be associated with airway fibrosis, and decline in lung
function [12-14]. Glycosaminoglycans (GAGs) are long straight chain
polysaccharides composed of repeated disaccharide units which occur
in free form or attached to a protein core to form proteoglycans.
Proteoglycans are important structural and functional components of
the extracellular matrix (ECM) and basement membrane [15-17].

Airway remodeling is associated with poor clinical outcomes among
asthmatic patients. Early diagnosis and prevention of airway
remodeling has the potential to decrease disease severity, improve
control and prevent disease expression [12,15]. The relationship
between structural changes and clinical and functional abnormalities
clearly deserves further investigation and understanding the
contribution of ECM accumulation to asthma pathogenesis may lead
to new therapeutics for patients with asthma.

Therefore, we conducted this study to evaluate the impact of
asthma control by long-term treatment with inhaled corticosteroids on
airway remodeling compared to relief medication through the
evaluation of urinary excretion of GAGs.
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Methods

Study population
Sixty asthmatic children (48 boys, 12 girls), aged 4-14 years, were

randomly recruited from the Pediatric Chest Clinic, Children’s
Hospital, Ain Shams University. Patients were selected according to
the global initiative for asthma "GINA"5. Twenty were controlled
asthma on the inhaled fluticasone "ICS+"; twenty were uncontrolled
asthma due to incompliance on the inhaled fluticasone "ICSˉ"; and
twenty uncontrolled who were only on relief medications "non-ICS".

"ICS+" group were free from acute exacerbations during the three
months prior to study .They were treated with low to medium doses of
ICS at a constant dose for at least three months. According to GINA5,
controlled asthma was taken as the need for rescue medications (short-
acting β2-agonists) twice or less a week, no limitation of day activity,
no nocturnal symptoms, twice or less a week day time symptoms and
FEV1%>80% predicted. There was no use of systemic steroids in the
previous 12 months.

While uncontrolled asthma among both "ICSˉ" and "non-ICS”
groups, was defined as having three or more features of the following:
need for rescue medications more than twice a week, any limitation of
day activity, any nocturnal symptoms, more than twice a week day-
time symptoms and FEV1%>80% predicted or had required
hospitalizations for asthma in the last year [13]. Age and gender
matched non-atopic, non-asthmatic healthy children (n=20) were
chosen as controls. They were selected from the geographic area
surrounding the place of study. There was no significant difference in
school grade between children participating in the study.

All patients’ groups and controls were examined, underwent
spirometry then urine samples were collected to determine urinary
GAGs.

This study has complied with the principles laid down in the
Declaration of Helsinki, adopted by the 18th World Medical Assembly,
Helsinki, Finland, June 1964, and recently amended at the 59th World
Medical Assembly, Seoul, Korea, and October 2008. The entire
protocol was approved by institutional ethical committee. All parents
or care givers provided signed informed consent for participation in
the study as required.

Spirometry
At least 8 hrs before the test, short-acting bronchodilators were

stopped. Dynamic spirometry (Jaeger, Germany) was performed, with
measurement of forced expiratory volume in 1 sec (FEV1)% of
predicted, according to standards of both European Respirator Society
and American Thoracic Academy [18]. The highest values of FEV1 of
three forced expiratory maneuvers were used.

Urine samples collection and processing: Each participant was
asked to void early morning urine sample in a sterile container. Each
urine sample was centrifuged at 3000 rpm for 25 min and the
supernatant was divided into two aliquots stored at -80°C until used;
one without preservative used for measurement of creatinine using
creatinine Biolabo kit (BIOLABO SA, Maizy, France) according to
manufacturers’ instructions and the second aliquot was preserved by
the immediate addition of methanol (0.1 ml methanol/10 ml urine)
used for measurement of glycosaminoglycans.

Quantitative determination of urinary glycosaminoglycans: Urinary
glycosaminoglycans ˝GAGs ̎ were precipitated according to the
method of Di Ferrante [19] and adapted by Pennock [20]. Twenty five
milliliters of each preserved sample was centrifuged at 3000 rpm for 25
min and 5 ml of supernatant was precipitated with 10%
cetylpyridinium chloride purchased from Sigma–Aldrich Chemie
GmbH, Steinheim, Germany. The precipitate was collected by
centrifugation, washed twice with 95% ethanol containing 10%
potassium acetate and dissolved in 1 ml of 0.05 M NaOH.
Glycosaminoglycans were determined in urine according to the
previously described method of Whitley et al. [21], using chondroitin
sulfate sodium salt (from shark cartilage, no. immunoassay C4384)
purchased from Sigma-Aldrich Chemie GmbH, Steinheim, Germany
as a standard. Briefly, a 10X stock solution (0.35 mmol/L) of 1,9-
dimethylmethylene blue (DMB) dye (Sigma-Aldrich Chemie GmbH,
Steinheim, Germany) was made by dissolving 122 mg of dye in 10 ml
of 95% ethanol which was then diluted to1 liter with sodium formate
buffer (pH 3.5, 0.2 mmol/L). 40 µl of each urine sample (or standard)
was mixed with 1.0 ml of freshly prepared working DMB dye (1X).
The absorbance was measured after 30 min incubation at 535 nm
against buffer. The measured values were corrected for reagent blank
and sample blank absorbances. Glycosaminoglycans concentrations
(µg/ml) were determined from the standard curve and normalized to
urinary creatinine then to body surface area and the results were
expressed in µg GAGs/mg creatinine/m2.

Statistical analysis
Collected data were reviewed, coded, entered personal computer

then analyzed statistically by SPSS software version 15 (SPSS Inc.,
Chicago, IL, USA). Obtained data were presented as count and
percentage for categorical variables. Data are presented as mean ± SD.
The Mann Whitney–U test was used to analyze differences between
two groups. Comparison of three groups was performed using analysis
of variance (ANOVA) and Fisher’s protected least significant
difference test or Chi-squared test. Kruskal-Wallis (χ2) test was used
for comparison of more than two groups in non-parametric
variables.Correlations between data were analyzed using Spearman’s
rank correlation test. Statistical significance was set at a value of
p<0.05.

Results

Asthma Control p

ICS+ ICS- Non-ICS

Subjects, nǂ 20 20 20 20 1

Age in years,
Mean ± SDǂ 6.77 ± 3.48 8.62 ± 2.99 8.55 ±

2.96 8.62 ± 2.46 0.108

Gender (male/
female)ǂ 17/3 15/5 16/4 8-Dec 0.294

Passive
smokingǂ, n (%) 10 (50%) 10 (50%) 8 (40%) 6 (30%) 0.283

Dose of I.C.S
(µg/day); Mean
± SD*

350 ± 125 750 ± 100 0 0 <0.001

Positive history
for atopy*, n (%) 14 (70%) 14 (70%) 9 (45%) 0.0 (0.0%) <0.001
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FEV1% pred.,
Mean ± SD* 94.50 ± 11 73 ± 5.0 83 ± 7.0 94 ± 9.0 <0.001

FEV1/FVC,
Mean ± SD* 86.5 ± 12 71 ± 5.0 74 ± 6.0 88 ± 18 <0.001

FEF 25-75%%
pred., Mean ±
SD*

69 ± 23 55 ± 27 58 ± 27 100 ± 20 <0.001

Urinary GAGs
(μg/mg
creatinine/m2),

Mean ± SD*

113.3 ±
56.8 88.9 ± 49.7 32.2 ±

23.5 58.0 ± 31.0 <0.001

Table 1: Demographic and Clinical Data of Asthmatic Patients and
Control Groups.

ICS: inhaled corticosteroid [Fluticasone]; FEV1: forced expiratory
volume in one second; FVC: forced vital capacity; FEF 25-75%: forced
mid-expiratory flow; % pred: percentage of the predicted value for age
and sex. ǂp>0.05(non-significant),*p<0.05 is significant.

Characteristics of asthmatic patients' groups and healthy control
group are shown in Table 1. Age, sex distribution and positive history
for passive smoking did not differ among the three studied groups
(p>0.05). Distribution of atopy did not differ between both groups of
asthmatics (p>0.05). However, asthmatic children were significantly
exposed to passive smoking in comparison to healthy controls
(p<0.05). Most studied children belonged to an urban residence near
to our center (Cairo, Egypt), so residence could not be attributed as a
predisposing factor for asthma in the current study. FEV1%,
FEF25-75% of predicted for age and gender, and FEV1/FVC were
lower with statistical significance among uncontrolled asthmatics
when compared to ICS+ responsive controlled asthmatics and healthy
controls (p<0.05).

Correlation
s

ICS+ group ICSˉ group Non-ICS
group

Healthy
controls

r p r p r p r p

Age in years -0.46
5

0.039
*

-0.60
6 0.005* -0.445 0.049

* -0.571 0.043
*

FEV1% Pred 0.47 0.009
* 0.361 0.048* 0.386 0.036

* 0.466 0.007
*

FEF 25-75%
pred 0.42 0.020

* 0.391 0.049* 0.473 0.040
* 0.518 0.001

*

Daily Dose
of ICS 0.456 0.037

* 0.324 0.045* --- --- …… ……

Table 2: Significant Correlations between Urinary GAGs and Other
Studied Parameters among Asthmatic Groups and healthy controls.

*p<0.05 is significant. r: Spearman's correlation coefficient. ICS:
Inhaled Corticosteroid [Fluticasone]; FEV1: Forced Expiratory
Volume in one second; FVC: Forced Vital Capacity; FEF25-75%:
Forced Mid-expiratory Flow; % pred: percentage of the predicted value
for age and gender.

Urinary GAGs levels were significantly lower among healthy
controls than asthmatics (58.0 ± 31.0 and 98.1 ± 41.0 μg/mg
creatinine/m2 respectively). Significant higher values were found in
children on ICS whether controlled "ICS+" group or uncontrolled

"ICSˉ" group (113.3 ± 56.8 and 88.9 ± 49.7 μg/mg creatinine/m2

respectively) than asthmatics on relief medications (32.2 ± 23.5 μg/mg
creatinine/m2).There were positive correlations between urinary
GAGs values and FEV1%, FEF25-75% of predicted for age and gender,
in addition to daily doses of inhaled fluticasone. Whilst, age was
negatively correlated with urinary GAGs (Table 2).

Discussion
As inhaled corticosteroids (ICS) are considered the corner stone of

chronic asthma management as they reduce symptoms and frequency
of asthma exacerbation and improve lung function current study was
designed to evaluate the urinary glycosaminoglycans (GAGs) as an
objective marker for response to anti-inflammatory treatment of
asthmatic children on inhaled corticosteroids (ICS) and reflect degree
of disease control in addition to airways remodeling. The results of this
study demonstrated a significant association between asthma control
by long-term treatment with inhaled corticosteroids and airway
remodeling among Egyptian children. It was noticed that children on
inhaled corticosteroids, specifically controlled children, had a
significantly higher urinary excretion of GAGs than asthmatics on
relief medications and healthy controls. Thus, these findings represent
another evidence for the role of corticosteroids in preventing airway
remodeling.

Structural and cellular changes within the airway wall in asthma,
notably increased airway smooth muscle (ASM) mass [22], vascular
remodeling [23], thickening of the reticular basement membrane
(RBM), and fibroblast numbers in the lamina propria [24], have been
shown to correlate with airflow limitation. Furthermore, cellular
infiltration of the airway wall in asthma is related to decline in lung
function [25].The increase of the ECM deposition in the airway wall
contributes to the airway remodeling in asthmatics [26]. Proteoglycans
are important structural and functional components of ECM, peri-
cellular and basement membranes [27]. Proteoglycans influence cell
adhesion, migration and proliferation, properties which largely
depend on the nature of GAGs side chain [28]. Moreover; GAGs are
involved in inflammatory mechanisms of asthma by interacting with
cytokines [29-31]. Endo-bronchial biopsies obtained from patients
with mild asthma showed that proteoglycans deposition was
significantly increased in ECM as compared with that of healthy
controls [32].

There was higher urinary GAGs mean values in asthmatic children
when compared to normal children, that comes in agreement with
Shute et al. [33,34] who concluded that the degradation of matrix
proteoglycans and that increased levels of GAGs in the urine occurs
following an episode of acute severe asthma.

In consideration to the fact that ICS is the corner stone in treating
asthma and preventing airway remodeling, current study showed that
urinary GAGs mean values were highest in ICS+ controlled group
(113.3 μg/mg creatinine/m2) followed by ICS-uncontrolled group (88.9
μg/mg creatinine/m2) then non- ICS group (32.2 μg/mg creatinine/
m2). Similarly, Priftis et al. [17] reported that urinary GAGs levels
were increased in asthmatic children on ICS more than normal
children and that levels of GAGs decreased in non ICS group
compared to normal children. They also found that long term anti–
asthmatic treatment with ICS is accompanied by decreased
proteoglycans deposition on the basement membrane of asthmatic
children and therefore by increased GAGs secretion in the urine.
Similarly, Vanacker [35] reported that allergen-induced structural
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alterations could not be reversed by treatment with inhaled
corticosteroids (fluticasone propionate), but concomitant treatment
could partly prevent these changes and this was accompanied by an
improved airway responsiveness. Also, they concluded that treatment
with steroids inhibits the structural airway changes induced by
repeated allergen exposure. Furthermore, de Kluijver J [36] found that
inhaled steroid treatment decreases mucosal inflammatory cells, alters
proteoglycans density and prevent changes in the ECM in the
bronchial wall.

This supports the hypothesis that early intervention with ICS could
prevent airway remodeling in asthma. However, symptoms of
uncontrolled asthma should be revised for compliance or pseudo-
compliance with revision of other causes of poor control e.g. co-
morbidity (e.g. rhinitis), ongoing exposure to triggers (e.g. pets, mite
etc.), misdiagnosis, inadequate treatment, ineffective delivery of
treatment (e.g. poor inhaler technique),limited treatment effectiveness
(e.g. smoking interfering with steroid actions), low patient and
physician expectations, low adherence with agreed asthma therapy,
functional and psychological problems affecting willingness to use
therapy and/or not attending medical consultation [37].

Current study also showed that there was a highly statistical
significant reduction in urinary GAGs secretion in non–ICS asthmatic
group compared to normal children (32.2 and 58.0 μg/mg
creatinine/m2 respectively) Shute [38] explained that by fibroblast
growth factor -2 (FGF2) in asthmatic subjects that co-localizes heparin
sulphate proteoglycans in epithelial and endothelial basement
membranes thus contributes to tissue remodeling by increase
epithelial expression and release of FGF-2 from heparin sulphate
binding sites in bronchial tissue. Consequently, decreased urinary
GAGs could be associated to the marked deposition of proteoglycans
in the airway wall. Whilst, Engstrom et al. [39] attributed that to,
limited physical activity of asthmatics as a protective mechanism of
exercise induced asthma.

Urinary GAGs correlated positively to FEV1%, FEF25–75% of
predicted for age and sex, in addition to daily doses of inhaled
fluticasone; thus urinary GAGs could be considered as a non-invasive
effortless marker of disease control and an indirect marker for airway
remodeling and inflammation. Urinary GAGs correlates negatively
with age since airway mechanics change with growth and
development, thus functional consequences of remodeling will be age
dependent [40].

A limitation of our study is that no specific GAGs28.31
measurements were made; however, our observations should be
considered as a tiny step toward identifying an alternative objective
marker of the activity of the remodeling process in childhood asthma
as well as the role of ICS on such activity. So measurement of urinary
GAGs prior to initiating treatment with ICS or before stepping down
would have been worthy.

In conclusion, our data demonstrated that urinary GAGs secretion
is reduced in children receiving usual relief medication while it is
increased in asthmatics on long-term treatment with ICS. A dose
dependent effect of ICS was noticed. Researchers are needed to clarify
the possible role of urinary GAGs as a marker of the effectiveness of
the anti-asthmatic treatment.
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