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ABSTRACT
Background Osteopontin (OPN) is a glycoprotein that
has been associated with inflammation and fibrosis.
Severe refractory asthma (SRA) is characterised by an
intense inflammatory and remodelling process. The aim
of this study was to investigate the levels of OPN in
sputum supernatants of patients with SRA, to compare
them with milder forms of the disease and to investigate
their possible association with mediators and cells
involved in the inflammatory and remodelling process.
Methods 33 patients with SRA, 29 with moderate
asthma, 21 with steroid-naı̈ve asthma and 20 healthy
subjects were studied. All subjects underwent lung
function tests, bronchial hyper-responsiveness
assessment and sputum induction for cell count
identification and measurement of OPN, vascular
endothelial growth factor, transforming growth factor b1
(TGF-b1), cysteinyl leukotrienes, interleukin 13 (IL-13),
eosinophilic cationic protein (ECP) and IL-8 in sputum
supernatants.
Results Median (IQR) OPN levels (pg/ml) were
significantly higher in patients with SRA than in those
with moderate asthma, steroid-naive asthma and healthy
control subjects (1840 (1125e11000) vs 130
(100e210) vs 100 (67e130) vs 50 (42e70),
respectively, p<0.001). Regression analysis showed
a significant association between log OPN and sputum
eosinophils, cysteinyl leukotrienes, IL-13, TGF-b1 and
ECP. TGF-b1 represented the strongest association with
OPN. The above associations were not observed in
milder forms of the disease or in healthy subjects.
Conclusions The results indicate that OPN levels are
higher in SRA than in less severe forms of the disease.
Moreover, OPN is associated with mediators involved in
both the inflammatory and remodelling process such as
TGF-b1, IL-13 and cysteinyl leukotrienes only in SRA.

INTRODUCTION
Asthma is characterised by eosinophilic airway
inflammation. Several mechanisms are involved in
its pathogenesis, such as enhancement of the Th2
immune response, migration of eosinophils into the
airways, airway mucus production and airway
remodelling.1 A range of inflammatory mediators is
involved in airway remodelling. Transforming
growth factor b1 (TGF-b1) is expressed in the
airways of patients with asthma, stimulates fibro-
blasts to produce extracellular matrix (ECM)
proteins (collagen, fibronectin) and plays an impor-
tant role in airway smooth muscle proliferation.1

Moreover, TGF-b1 is probably involved in the
dysregulated epithelial repair of asthmatic airways
possibly through the induction of epithelial mesen-

chymal transition of airway epithelial cells.2 Addi-
tionally, vascular endothelial growth factor (VEGF)
is one of the most potent pro-angiogenic factors and
it induces vascular endothelial cell proliferation,
migration and tubule formation.3 Interleukin-13
(IL-13) is a Th2 cytokine that has emerged as a crit-
ical regulator of inflammatory immune responses
with a key role in asthma remodelling.3

Severe refractory asthma (SRA) may present
with different inflammatory cellular profiles.4

Amplified inflammatory and structural and/or
remodelling changes in the airways may account
for the poor steroid response of patients with
SRA.4 5 Osteopontin (OPN) is a phosphorylated
acidic glycoprotein that can function both as an
ECM molecule and a cytokine.6 It has been asso-
ciated with tissue remodelling since it promotes
proliferation and migration of both murine smooth
muscle cells and fibroblasts and stimulates the
production of collagen.7 8 Moreover, OPN can
mediate interactions between cells and ECM,
recruit T cells, stimulate Th1 cytokine expression
and promote angiogenesis.9 10 Epithelial cells,
macrophages, T cells and fibroblasts have been
shown to express OPN.11e13

Increased levels of OPN have been found in bio-
logical fluids of patients with asthma.6 14 Interest-
ingly, in one of the above studies OPN levels in
bronchoalveolar lavage (BAL) fluid were signifi-
cantly correlated with fibrotic changes.6 In patients
with asthma OPN is upregulated in bronchial
epithelial cells and macrophages.15 Moreover, OPN
seems to play a role in the migration of eosinophils
into the asthmatic airways.14 Finally, animal
studies show that OPN is increased in allergen-
induced chronic airway remodelling, whereas its
deficiency protects against airway remodelling and
bronchial hyper-responsiveness (BHR).16

The aim of the present studywas tomeasureOPN
levels in sputum supernatants of patients with
asthma of different underlying severity and healthy
controls. We hypothesised that sputum OPN levels
would be higher in patients with SRA than in those
withmilder formsof thedisease, and that itwould be
associated with inflammatory cells and mediators
involved in the ongoing airway inflammation and
remodelling process in severe asthma.

MATERIALS AND METHODS
Subjects
Patients were recruited from an open cohort of
patients with asthma who were followed up in the
asthma clinics of the 1st and 2nd Respiratory Medi-
cine University Departments in Athens for at least
2 years. The diagnosis of asthma was established
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according to the Global Initiative for Asthma (GINA) guidelines17

and the diagnosis of SRA was established according to American
Thoracic Society criteria.18 Thirty-three patients with SRA were
finally recruited, as well as 29 patients with moderate asthma and
21 patients with mild intermittent (steroid-naïve) asthma diag-
nosed according to the 2005 GINA classification.17 The patients
with mild intermittent asthma had been asymptomatic for at least
3 months before entering the study. All the patients with asthma
were non-smokers. Twenty healthy non-atopic non-smoking
subjects comprised the control group. Subjects with any other
respiratory disease or any concomitant malignant, heart, renal,
liver or collagen disease were excluded. Patients with a respiratory
tract infection or asthma exacerbation in the past 8 weeks prior to
admission were also excluded.

Induced sputum
Sputum was induced as previously described19 using all the
modifications for safe measurements according to the underlying
asthma severity.20 Briefly, patients inhaled 3% saline at room
temperature nebulised by an ultrasonic nebuliser (DeVilbiss Co,
Heston, UK) at the maximal saline output (4 ml/min). The total
period of sputum induction was 15 min. Subjects were encour-
aged to cough deeply at 3 min intervals until the 15 min
induction time had been completed. Sputum was processed
using selected plugs as previously described.21 Dithiothreitol was
added in a volume equal to four times the weight of the sputum
specimen and it was further diluted with phosphate buffered
saline in a volume equal to the sputum plus dithiothreitol. Total
cell counts were performed on a haemacytometer using Trypan
blue stain. Slides were prepared by using cytospin (Shandon,
Runcorn, UK) and were stained with May-Grunwald and
Giemsa for differential cell counts. Cell counting was performed
by an observer blind to the clinical characteristics of the subjects.
At least 500 inflammatory cells were counted in each sample. A
sample was considered adequate when the patient was able to
expectorate at least 2 ml of sputum and the slides contained
<10% squamous cells on differential cell counting. The total cell
count (expressed as the number of cells 3106) and the
percentage of sputum inflammatory cells were used for analysis.
Sputum supernatants were kept at �70 8C for further
measurement of IL-8, IL-13, eosinophilic cationic protein (ECP),
cysteinyl leukotrienes, OPN, VEGF and TGF-b1.

Lung function
Forced expiratory volume in 1 s (FEV1), forced vital capacity
(FVC), FEV1/FVC ratio, static volumes (functional residual
capacity) and carbon monoxide transfer factor (TLCO) were
measured using Master Screen Body (Viasys Healthcare, Jaeger,
Hoechberg, Germany) according to the American Thoracic
Society guidelines.22

Bronchial hyper-responsiveness
BHR was measured as the dose of methacholine provoking a fall
in FEV1 of $15% (PD15) using a commercially available system
(APS; Viasys Healthcare, Jaeger) according to American Thoracic
Society guidelines.23

Measurement of fraction of exhaled nitric oxide
Fraction of exhaled nitric oxide (FeNO) was measured using
a portable nitric oxide analyser (NIOX MINO Airway Inflamma-
tion Monitor; Aerocrine, Solna, Sweden) as previously described.24

Atopic status
A positive skin prick test to any of 20 common aeroallergens
(including mites, grasses, trees, fungus, domestic animals) was
used to confirm atopy.

Mediator assays
ECP was measured using Unicap ECP kit (Pharmacia Diagnos-
tics; Uppsala, Sweden) with a detection limit of 0.5 ng/ml.
VEGF, IL-13 and IL-8 were measured using an ELISA kit (R&D
Systems, Minneapolis, Minnesota, USA) with detection limits
of 9 pg/ml, 32 pg/ml and 3.5 pg/ml, respectively. Cysteinyl
leukotrienes were measured using an ELISA kit (Cayman
Chemical; Ann Arbor, Michigan, USA) with a detection limit of
13 pg/ml. TGF-b1 and human OPN were measured by ELISA
kits (R&D Systems) with lower detection limits of 50 pg/ml and
6 pg/ml, respectively. All values were expressed as pg/ml. The
intra-assay and interassay variability were assessed according to
the manufacturers’ instructions for all the mediators measured
and were within acceptable coefficient of variation (%). For
OPN, the intra-assay and interassay variabilities were 4% and
6.5%, respectively. The recovery and linearity of the assays after
appropriate spiking experiments produced samples with values
within the dynamic range of the assay.

Study design
On day 1 all subjects underwent medical history and physical
examination by an experienced respiratory physician, lung
function measurements, measurement of body mass index
(BMI), FeNO measurement, BHR assessment and skin prick
tests. The day after, sputum induction was performed.

Statistical analysis
Normally distributed data are presented as mean6SD whereas
skewed data are presented as median (IQR). Normality of
distribution was checked with the KolmogoroveSmirnov test.
Statistical comparisons between groups were performed with
one-way analysis of variance (ANOVA) for normally distributed
data and with the KruskaleWallis tests for skewed data,
accompanied by appropriate post hoc tests for multiple
comparisons (Bonferroni and Dunn’s, respectively). Differences
in numerical variables within two groups were evaluated with
unpaired t tests or with ManneWhitney U tests for normally
and skewed data, respectively, whereas comparisons of propor-
tions were performed using c2 tests. In order to examine the
association between OPN, inflammatory and remodelling
mediators (ECP, IL-8, cysteinyl leukotrienes, IL-13, VEGF, TGF-
b1), sputum cells and lung function tests, linear regression
analysis was performed using OPN as the dependent variable.
All linear regressions were performed in a combined model for all
asthma groups after proper adjustments for age, gender, BMI,
atopy, duration of the disease and treatment regimens. Data
were interpreted as standardised coefficients with 95% CIs.
Values which were not normally distributed were log-trans-
formed to obtain normal distribution for regression analysis.
A p value <0.05 (two-sided) was considered significant. Statis-
tical analysis was performed using SPSS 16.0 (SPSS Inc; Chicago,
Illinois, USA) and Graph Pad Prism 5 (Graphpad Software;
California, USA).

RESULTS
Demographic characteristics
The demographic characteristics of the study patients are
summarised in table 1.
Patients with SRA were all receiving >1200 mg budesonide/

day or equivalent plus long-acting b2 agonists (LABA), whereas
patients with moderate asthma were receiving <800 mg bude-
sonide/day or equivalent plus LABA. Among the patients with
SRA, 17 were also receiving 5 mg prednisolone/day while 4 were
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receiving 7.5 mg prednisolone/day. The 5 patients receiving
omalizumab were all on their fourth month of anti-IgE treat-
ment. In the SRA group, 11 patients did not undergo BHR
measurement because the FEV1 was <60% of predicted. Sputum
induction was well tolerated by all patients.

Inflammatory variables in induced sputum according to asthma
severity
The inflammatory variables of the study patients are summar-
ised in table 2. OPN was undetectable in five healthy subjects,
three patients with steroid-naïve asthma and one patient with
moderate asthma; TGF-b1 was undetectable in four healthy
subjects and two patients with steroid-naïve asthma; and IL-13
was undetectable in six healthy subjects, three patients with
steroid-naive asthma, two patients with moderate asthma and
two patients with SRA.

OPN levels (pg/ml) were significantly higher in patients with
SRA than in patients with moderate asthma, those with steroid-

naive asthma or healthy control subjects (p<0.001, table 2,
figure 1(log scale)). Patients with moderate asthma had signifi-
cantly higher OPN levels than steroid-naïve patients and
healthy subjects (p¼0.01). A significant difference in OPN levels
was observed between steroid-naïve patients and healthy
subjects in favour of those with steroid-naïve asthma (p¼0.04).
OPN levels in patients with SRA treated with oral steroids
(n¼21, age 54614 years) did not significantly differ from levels
in those not receiving oral steroids (n¼12, age¼53615 years),
(median (IQR) 1800 (727e10575) vs 2960 (1330e11800),
p¼0.635).
Inflammatory mediators (IL-8, ECP, cysteinyl leukotrienes)

and mediators involved in airway remodelling (VEGF, TGF-b1,
IL-13) were significantly higher in patients with SRA than in the
other three groups (table 2). With the exception of VEGF levels,
all the remaining mediators were significantly higher in patients
with moderate asthma than in those with steroid-naïve asthma
and healthy subjects (p<0.05 for all comparisons, table 2).

Table 1 Demographic characteristics of study subjects

Variables SRA (n[33)
Moderate
asthma (n[29)

Naı̈ve
asthma (n[21)

Normal
subjects (n[20) p Value

Age (years) 54613 51617 5569 52610 0.825

Gender (F/M) 21/12 16/10 12/9 11/9 0.650

Atopy 19/33 17/29 12/21 0 0.726

Duration of disease (years) 37 (31e44) 31 (27e38) 32 (26e37) ND 0.345

BMI (kg/m2) 2865 2764 2764 2664 0.720

FeNO (ppb) 21 (18e61) 19 (16e44) 34 (17e74) 12 (10e13) 0.003y
BHR (PD15, mg) 0.0860.03 0.1560.06 0.260.09 >2 0.005*

FEV1 (% predicted) 66 (55e73) 81 (76e108) 86 (73e97) 94 (85e98) 0.001*

PB FEV1 (% predicted) 72 (59e84) 93 (84e114) 90 (81e98) 95 (88e99) 0.003*

FVC (% predicted) 87617 101616 95611 96610 0.005*

FEV1/FVC (%) 6367 7167 7268 8766 0.001*

TLCO (% predicted) 77612 88610 9267 9566 0.003*

FRC (% predicted) 110623 97615 90612 89612 0.001*

Treatment regimens

ICS (number-dosez) 33e1440 29e640 0 0

LABA 33 29 0 0

Oral CS 21 0 0 0

Omalizumab/LTRA 5/12 0/8 0 0

Normally distributed data are presented as mean6SD and skewed data are presented as median (IQR).
*Significant p values pertaining to differences among the four groups all in favour of SRA.
ySignificant p values pertaining to differences among the four groups in favour of those with steroid-naı̈ve asthma.
zDose expressed as equivalent to budesonide in mg.
BMI, body mass index; BHR, bronchial hyper-responsiveness; CS, corticosteroids; FeNO, fraction of exhaled nitric oxide; FEV1, forced expiratory volume in 1 s; FRC, functional residual capacity;
FVC, forced vital capacity; ICS, inhaled corticosteroids; LABA, long-acting b2 agonists; LTRA, leukotriene receptor antagonists; PB FEV1, postbrochodilation forced expiratory volume in 1 s;
SRA, severe refractory asthma; TLCO, carbon monoxide transforming factor.

Table 2 Inflammatory variables of study subjects

Variables SRA (n[33) Moderate asthma (n[29) Naı̈ve asthma (n[21) Normal subjects (n[20) p Value

Cells (3106/ml) 2.9 (0.9e3.5) 1.7 (1e2.4) 1 (0.7e1.6) 0.8 (0.6e1.1) 0.002*

Eosinophils (%) 11 (4e19) 6 (3e9) 4 (1e7) 0.5 (0e1) <0.001*

Neutrophils (%) 40 (28e46) 22 (20e42) 25 (44e40) 23 (17e25) 0.002*

Macrophages (%) 50 (37e59) 70 (48e73) 62 (48e70) 64 (56e70) 0.002*

Lymphocytes (%) 2 (1e3) 2 (1e3) 0.4 (0e1) 0.25 (0e1) 0.756

OPN (pg/ml) 1840 (1125e11000) 130 (100e210) 100 (67e130) 50 (42e70) <0.001*

VEGF (pg/ml) 1212 (882e1555) 400 (300e450) 564 (389e654) 210 (202e223) <0.001*

TGF-b1 (pg/ml) 2840 (2210e3055) 1500 (1320e1560) 1120 (890e1365) 850 (645e1005) <0.001*

ECP (3102 pg/ml) 2100 (900e4700) 1200 (800e1900) 835 (760e1450) 334 (221e487) 0.005*

IL-8 (pg/ml) 2090 (730e3500) 1670 (1350e1920) 670 (550e1200) 432 (314e556) <0.001*

CystLts (pg/ml) 243 (207e334) 121 (109e148) 121(96e125) 93 (75e121) <0.001*

IL-13 (pg/ml) 180 (73e228) 68 (48e87) 54 (47e60) 34 (33e38) <0.001*

Data presented as median (IQR).
*Significant p values pertaining to differences among the four groups, all in favour of SRA.
CystLts, cysteinyl leukotrienes; ECP, eosinophilic cationic protein; IL-8, interleukin 8; IL-13, interleukin-13; OPN, osteopontin; SRA, severe refractory asthma; TGF-b1, transforming growth factor
b; VEGF, vascular endothelial growth factor.
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Associations of osteopontin
After applying the adjustments mentioned above, log OPN
levels presented a significant positive association with sputum
eosinophils (p¼0.006). Significant positive associations were also
observed between log OPN levels and cysteinyl leukotrienes, IL-
13, ECP and TGF-b1 levels in patients with SRA (table 3).
Stepwise regression analysis showed that TGF-b1 represented
the strongest association with OPN (p<0.001). No significant
associations were observed between logOPN levels and the
remaining inflammatory cells and mediators in SRA.

There were no significant associations between OPN
levels, inflammatory and/or remodelling mediators or sputum
inflammatory cells in patients with moderate asthma, steroid-
naïve asthma and healthy subjects, with the exception of
a significant association between IL-13 levels and log OPN in
moderate asthma (p¼0.04). No significant association was
observed between OPN and BHR in all asthma groups. Finally,
no significant associations were observed between OPN levels
and lung function tests.

DISCUSSION
The novel finding of the present study is that OPN levels in
sputum supernatants of patients with SRA are significantly
higher than in patients with milder forms of the disease and
healthy subjects. Additionally, OPN is positively associated
with inflammatory cells and mediators involved in the ongoing
airway inflammation and the remodelling process (ie, eosino-
phils, ECP, cysteinyl leukotrienes, IL-13 and TGF-b1) in
patients with SRA but not in those with milder forms of the
disease.
Previous studies have found increased levels of OPN in

induced sputum and BAL fluid in patients with asthma
compared with controls.14 25 However, OPN levels in induced
sputum of patients with asthma were not related to underlying
severity. Our results are partially in agreement with the above
findings, suggesting a specific role for OPN in SRA. The main
differences between our study and previous ones are the larger
number of patients included and the accurate definition of severe
asthma which is based on established criteria.
The extremely low OPN levels in mild and moderate asthma

and the high percentage of undetectable OPN levels in normal
subjects might be attributed to the absence and/or inactivation
of OPN-producing cells. In accordance with our finding,
a previous study showed that no OPN expression was found in
tissue sections of a limited number of non-asthmatic control
subjects.6 Previous in vitro studies have shown that OPN is
produced by fibroblasts as well as by several murine immune cell
types such as macrophages, Tcells, B cells and mast cells.13 26 27

We were unable to identify the cells responsible for OPN
production in the current study since the inflammatory cells
assessed by induced sputum reflect the cellular content of the
lower airway lining fluid and not the subepithelial layers that
seem to represent the basic cellular source of OPN.6 15

With regard to the association of OPN levels with the
percentage of eosinophils in SRA observed in our study, it is
quite unlikely that eosinophils are the main OPN-producing
cells. In contrast, we believe that this association may suggest
that OPN might be related to the ongoing eosinophilic inflam-
mation in SRA. This is supported by recent studies showing that
OPN plays a role in the migration of eosinophils into the asth-
matic airways.14 25 However, OPN had an inhibitory effect on
eosinophilic inflammation in another study, while it was
a significant mediator of neutrophil chemotaxis in an experi-
mental animal model of chronic obstructive pulmonary
disease.15 28

A reasonable argument would be that the increased levels of
OPN observed in SRA may be influenced by treatment with oral
steroids. Steroids can increase OPN expression in cardiac
myocytes and microvascular endothelial cells.29 Additionally,
a region of the promoter sequence of the OPN gene contains an
element that is recognised by an activated glucocorticoid
receptor.30 Finally, the administration of dexamethasone for
1 week reduced the levels of OPN/protein in BAL fluid and lung
tissue of ovalbumin sensitised mice.31 In order to overcome the
above bias, we divided the patients with SRA on the basis of oral
steroid use and also adjusted for it in the regression analysis.
Both statistical analyses revealed that oral steroids did not affect
OPN levels in the current study.
In patients with SRA there was a strong association between

OPN and both IL-13 and TGF-b1. All structural and immune
cells in the lung can express and secrete TGF-b1.1 In addition,
TGF-b1 has been implicated in airway remodelling and has been
further upregulated in severe forms of the disease.32 Previous
studies have shown that OPN contributes to tissue fibrosis

Figure 1 Osteopontin values (log scale, pg/ml) in patients with severe
refractory asthma (SRA), moderate asthma, steroid-naı̈ve asthma and
normal subjects. *p<0.001 in favour of SRA.

Table 3 Regression analysis between log OPN, inflammatory cells,
mediators and lung function tests in patients with SRA

Variables
b standardised
coefficient (95% CI) Adjusted R2 p Value

Total cells (3106/ml) 0.12 (�943 to 1642) 0.05 0.614

Eosinophils (%) 0.6 (128 to 580) 0.27 0.006

Neutrophils (%) 0.16 (�140 to 284) �0.02 0.506

Macrophages (%) �0.22 (�289 to 101) �0.001 0.355

Lymphocytes (%) 0.07 (�1911 to 2557) �0.002 0.812

IL-8 (pg/ml) �0.23 (�51 to 17) 0.03 0.314

ECP (pg/ml) 0.6 (839 to 3847) 0.4 0.001

CystLts (pg/ml) 0.45 (2 to 64) 0.39 0.004

IL-13 (pg/ml) 0.68 (27 to 85) 0.45 0.001

TGF-b1 (pg/ml) 0.82 (576 to 1144) 0.68 <0.001

VEGF (pg/ml) �0.19 (�9 to 4) 0.03 0.450

FEV1 (% predicted) �0.01(�220 to 210) �0.05 0.820

FEV1/FVC (% predicted) 0.08 (�402 to 560) 0.04 0.723

FRC (% predicted) �0.2 (�239 to 50) 0.04 0.215

TLCO (% predicted) 0.09 (�290 to 301) �0.05 0.832

Regression analysis was performed after proper adjustments for age, gender, body mass
index, atopy and treatment regimens. Non-normally distributed data were logarithmically
transformed.
CystLts, cysteinyl leukotrienes; ECP, eosinophilic cationic protein; FEV1, forced expiratory
volume in 1 s; FRC, functional residual capacity; FVC, forced vital capacity; IL-8, interleukin
8; IL-13, interleukin-13; OPN, osteopontin; SRA, severe refractory asthma; TGF-b1,
transforming growth factor b; TLCO, carbon monoxide transfer factor; VEGF, vascular
endothelial growth factor.
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through modulation of TGF-b1.33 34 An altered epithelial repair
phenotype of the asthmatic airway epithelium is partially
mediated through the epithelial mesenchymal transition
induced by TGF-b1.2 The strong association between OPN and
TGF-b1 observed in our study supports an indirect role of OPN
in the above mechanism. IL-13 has been found to be increased in
sputum supernatant of patients with SRA35 and has been
implicated in the cellular process of airway remodelling by
activating mast cells and lung fibroblasts.36 OPN deficiency
significantly decreased IL-13 levels inmice lung homogenates,16 33

whereas the administration of OPN significantly increased the
production of IL-13.16 OPN may modulate lung fibroblast
activation and airway remodelling either via a direct effect on
these cells or via an indirect effect that involves the expression
of fibrotic mediators such as TGF-b1 and Th2 cytokines such
as IL-13. The association between OPN and cysteinyl leuko-
trienes in patients with SRA may be attributed to the release
of cysteinyl leukotrienes by increased numbers of eosinophils
which migrate into the airways through chemotaxis possibly
mediated by OPN. Unfortunately, we failed to find any
association between OPN and VEGF levels in patients with
SRA. However, previous data suggest that OPN promotes
angiogenesis and accounts, along with VEGF, for eosinophil-
mediated angiogenesis.25

Our study did not include bronchial biopsies, which is a limi-
tation because we did not have the opportunity to detect the
cellular source of OPN and to evaluate the subepithelial tissue
which is known to contribute significantly to angiogenesis and
remodelling. In a previous study subjects with severe asthma
with chronic persistent obstruction had increased features of
airway remodelling and Th1 and Th2 inflammation as assessed
in bronchial biopsies. However, in the same study, sputum
analysis was not able to identify such patients.37 This is in
accordance with the lack of association between OPN levels and
lung function parameters observed in our study.

In conclusion, OPN levels are significantly higher in induced
sputum of patients with SRA than in those with moderate and
mild asthma and healthy subjects. Since SRA is known to be
characterised by an intense inflammatory and remodelling
process, the correlation of OPN levels with cysteinyl leukotri-
enes, TGF-b1 and IL-13 amplifies its possible role in the patho-
genesis of SRA. Further studies are needed to elucidate the source
and exact role of OPN in the pathogenesis of asthma.
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