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REVIEW

Inhaled Steroids and Airway Remodelling in Asthma
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Abstract. Bronchial asthma is a chronic inflammatory disease characterized by inflammatory cell infiltration
and by some long-lasting structural changes of bronchial wall, defined as airway remodelling. Airway re-
modelling can significantly affect two important functional characteristics of asthma, i.e. airway hyperre-
sponsiveness and bronchial obstruction reversibility. Airway remodelling might be responsible for most of the
inter-individual variability of bronchial hyperresponsiveness and might also determine the irreversible com-
ponent of the airway obstruction, sometimes detectable in asthmatic patients. Among anti-asthma drugs, in-
haled steroids are the most effective on inflammation and remodelling of airway wall. Recent evidences in-
dicate that high doses of inhaled corticosteroids can significantly reduce not only inflammatory cells but al-
50 some components of airway remodelling, such as the increased airway wall vascularity and the basement
membrane thickness. Conversely, low doses of inhaled corticosteroids can significantly act only on airway cell

infiltration.
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Introduction

Bronchial asthma is defined as a chronic inflam-
matory disease of airways (1). In asthma, airway in-
flammation is strictly related to bronchial hyperre-
sponsiveness and variable airflow obstruction and can
cause recurrent episodes of wheezing, breathlessness,
chest tightness and cough (1).

Chronic inflammatory changes in asthma are
characterized by airway wall accumulation of eosi-
nophils, lymphocytes, mast cells, macrophages, den-
dritic cells, and myofibroblasts and by some structural
changes of airway wall (2). These structural changes,
defined as airway remodelling, are considered to result
from increased activity of structural tissue components
in an attempt at tissue repair following repetitive bouts
of allergen (or other stimulus) -induced acute inflam-
matory changes and can play an important role in the
pathophysiology of asthma (3). The airway remodel-
ling consists in hypertrophy and hyperplasia of airway
smooth muscle (4), increase in mucous glands (5),

thickening of the reticular basement membrane (6),
and qualitative and quantitative changes of airway
blood vessels (7, 8) (Figure 1). Remodelling of the
airway wall can occur not only in asthma but also in
other chronic airway diseases, such as chronic obstruc-
tive pulmonary disease (COPD), however there are
some differences between asthma and COPD in the
affected structures and the prime anatomic site at whi-
ch airway remodelling occurs (Table 1).

This overview describes the functional conse-
quences of airway remodelling in bronchial asthma
and its treatment.

Functional Implications
Bronchial hyperresponsiveness
Bronchial hyperresponsiveness is a well-establi-

shed hallmark of airway function in asthma and is de-
fined by an exaggerated response of the airways to non
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Table 1. Characteristics of airway wall remodelling in asthma and COPD

Asthma COPD
Epithelium Fragile Metaplastic
Reticular Basement Membrane Thickened Not Thickened
Fibrosis Unlikely Present
Angiogenesis Present Likely
Bronchial Smooth Muscle Increased (Large Airway) Increased (Small Airway)
Glands Hypertrophy Hypertrophy

specific stimuli, which results in airway obstruction.
Bronchial hyperresponsiveness is present in almost all
patients with asthma, at least when they are having
current symptoms. The two main determinants of
bronchial hyperresponsiveness are an increase in reac-
tivity as well as sensitivity of the airways (9). The in-
creased sensitivity is reflected in a leftward shift of the
dose-response curve to the bronchoconstritor stimu-
lus. The increase in reactivity describes the increased
degree of maximal airway narrowing, which is quite
characteristic of asthma.

The airway remodelling is considered to contri-
bute significantly to both components of bronchial
hyperresponsiveness. Computational models suggest
that the increase in thickness of each layer has the po-
tential to contribute to bronchial hyperresponsiveness
by a different mechanism. Firstly, the adventitial
thickening can attenuate the load on airway smooth
muscle which is provided by lung elastic recoil. Se-
condly, the thickening of the inner wall can amplify
the effects of airway smooth muscle shortening. Fi-
nally, the increased muscle may increase the force ge-
nerating capacity of the muscle, allowing it to overco-
me the elastic loads provided by lung recoil, airway
mucosal folding and radial constraint (10).

Whether these computational models are appli-
cable in chronic asthma remains to be proven, even if
some methodological problems could limit this appli-
cability. Firstly, direct histological assessment of remo-
delling in vivo studies is limited to evaluation of thick-
ness of the subepithelial fibrosis in bronchial biopsies
in central airways. Moreover, correct reading of the
degree of subepithelial fibrosis is methodologically
difficult (11). Lastly, bronchial hyperresponsiveness is
generally expressed as the provocative concentration
of methacholine causing the 20 percent fall of the for-

ced expiratory volume at 1% second (PC, FEV)).
However, the PC,, FEV; does not allow to distingui-
sh between reactivity and sensitivity of airways (12).
These methodological limitations can explain also
conflicting results on relationship between bronchial
hyperresponsiveness and airway remodelling. In fact,
in some studies relationship was found (13-15), in
another study this relationship was not confirmed
(16). Additionally, when measured by high resolution
CT scan, thickness of airway wall was not related to
bronchial hyperresponsiveness (17).

Reversibility of airflow obstruction

Asthma is characterized by bronchial airflow ob-
struction which can be reversible both spontaneously
and after treatment. Although in most asthmatic pa-
tients, bronchial airflow obstruction is completely re-
versible after bronchodilator and/or corticosteroid
treatment, in patients with severe disease an irreversible
component of the airway obstruction can be observed
(18). Furthermore, this irreversible component of the
airway obstruction can be shown even in asthmatic pa-
tients without any symptoms and in clinical remission
(19). Moreover, bronchial asthma is associated with an
increase in the rate of decline in respiratory parameters.
Particularly, it has been demonstrated that the longitu-
dinal decline in FEV, is more than 80% greater in
asthmatic than in non asthmatic subjects (20).

To date there are no prospective studies providing
evidence that structural changes, lung function para-
meters and respiratory symptoms are longitudinally
related to asthma. However, it has been shown that
the clinical and functional severity of asthma is direc-
tly associated with the thickening of the reticular ba-
sement membrane (6).
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Table 2. Effects of anti-asthma drugs on airway remodelling in asthma

Effect Steroids Long-acting Leukotriene receptor

.-agonists antagonists
Epithelium Protection yes yes not known
RBM Thickness Reduction yes no not known
Inhibition of BSM proliferation no yes yes
Vascularity Inhibition yes not known not known
Edema Reduction yes yes yes

RBM = Reticular Basement Membrane; BSM = Bronchial Smooth Muscle

Treatment

According to the current international guidelines,
the therapeutic control of asthma is based on inhaled
steroids, long-acting f,-agonists and leukotriene re-
ceptor antagonists administration (1). Among anti-
asthma drugs, several evidences show that inhaled ste-
roids are the most effective on inflammatory process.
Particularly, inhaled steroids are able to down-regula-
te several airway inflammatory cytokines (21), to re-
duce cell infiltration of bronchial wall (22), and may
have some in vitro anti-angiogenic properties, becau-
se they directly inhibit the expression of the vascular
endothelial growth factor gene (23).

Inhaled steroids are also the most effective drugs
on airway remodelling in asthma (Table 2). Interestin-
gly, these drugs seem to act in a dose-response fashion.
Hoshino et al (24) showed that 800 ug beclomethaso-
ne dipropionate reduced airway wall vascularity in
asthmatic patients. Orsida et al. (25) showed an effect
of inhaled steroids on airway wall vascularity only
above 500 ug of beclomethasone dipropionate. Mo-
reover, another study by the same authors (26) failed
to demonstrate any effect of three months treatment
with a daily dose of 100 ug bid of fluticasone propio-
nate plus a background dose of inhaled steroids (200-
500 wg/day of beclometasone or 200-400 ug/day of
budesonide) on vascularity in asthmatic patients. In
order to reduce the basement membrane thickness of
asthmatic patients, high doses of inhaled steroids, su-
ch as fluticasone propionate given at 250 ug bid (27)
or at 750 ug bid (28) and beclometasone at 400 mg
bid (24) or at 500 ug bid (29), can be effective. On the
other hand, lower doses of inhaled steroids, such as
budesonide 200 ug bid, did not demonstrate any effect

on the thickening of basement membrane, despite a
significant change in airway mucosal inflammation
(30).

In a recent study, we provided evidence that
bronchial responsiveness to methacholine, asthma
symptom score and inflammatory cells decreased si-
gnificantly after both low (100 ug twice a day) and
high (500 ug twice a day) dose of fluticasone propio-
nate. Moreover, the airway remodelling features, such
as the increase in number of vessels and in the vascu-
lar area and the basement membrane thickness, de-
creased only after high dose of fluticasone propionate
(32).
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Figure 1. Schematic representation of the airway wall. The
structural changes defined as airway remodelling involve both
the inner and the outer wall and the airway smooth muscle.
Particularly, airway remodelling consists in hypertrophy and
hyperplasia of airway smooth muscle, increase in mucous
glands, thickening of the reticular basement membrane, and
qualitative and quantitative changes of airway blood vessels
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Conclusions

In the last decade, increasing evidences have
shown that airway remodelling is a constant morpho-
logical feature of chronic asthma. Though, the precise
functional consequences of airway remodelling in
asthma are still largely unknown, however several stu-
dies support the view that airway remodelling can play
an important role on bronchial hyperresponsiveness
and bronchial reversibility of airflow obstruction. In
particular, even if bronchial hyperresponsiveness could
not be dependent only on structural airway changes
within airways, however airway remodelling might be
responsible for most of the interindividual variability
of bronchial hyperresponsiveness. Moreover, though
the influence of the incomplete reversibility of airflow
obstruction on the natural history of asthma is not yet
well established, however, it is likely to assume that
the residual airway obstruction sometimes detectable
in asthmatic patients, may be associated with the re-
modelling of airway wall.

Inhaled steroids are quite effective on inflamma-
tory changes of airway wall in asthma. The studies on
this topic indicate that high doses of inhaled cortico-
steroids can significantly reduce not only inflamma-
tory cells but also some components of airway remo-
delling, such as the increased airway wall vascularity
and the basement membrane thickness. Conversely,
low doses of inhaled corticosteroids can significantly
act only on airway cell infiltration.
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