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What can we learn about airway smooth muscle from

the company it keeps?

S. Siddiqui, F. Hollins and C.E. Brightling

structure have been described, collectively referred to as

remodelling [1, 2]. Current dogma dictates that remodel-
ling reflects aberrant repair in response to ongoing inflamma-
tion and injury. However, the interplay between inflammation
and remodelling, and, more importantly, between airway
structure and function remains elusive, such that we remain
uncertain whether these changes protect the airways from the
effects of inflammation or are integral to disease progression.
To begin to unravel this conundrum we need to recognise the
complexity and heterogeneity of asthma.

I n severe and fatal asthma dramatic changes in airway

The asthma paradigm comprises several domains, including
ongoing symptoms, the presence of variable airflow obstruc-
tion and airway hyperresponsiveness. Together with such
disordered airway physiology, most subjects with asthma have
evidence of a chronic inflammatory response that is typically,
but not exclusively, eosinophilic, with the presence of mast
cells within the airway smooth muscle bundle [3-5]. In
addition, there is often evidence of structural remodelling of
the airway wall with thickening of the reticular lamina, mucus
gland hyperplasia, increased vasculature, and increased air-
way smooth muscle hyperplasia and hypertrophy. Impor-
tantly, some features of remodelling, particularly thickening of
the lamina reticularis, can occur early on in disease and even in
some children prior to the onset of asthma [6]. In contrast,
other aspects of the remodelling process have been associated
with disease duration [7].

In addition to structural and inflammatory cells, the airway
wall is comprised of extracellular matrix, the composition of
which varies between different compartments in the airway
wall, between asthma versus health, and across disease
severity. This matrix is not a benign bystander that simply
constitutes the scaffold to build airway structures and allow
inflammatory cell trafficking, but can alter the biophysical
properties of the airway wall and modulate cell function.

The increasing recognition of the importance of the extra-
cellular matrix composition and its interactions with cells has
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driven research into determining the make up of the
extracellular matrix in different airway compartments. In this
edition of European Respiratory Journal, ARAUJO et al. [8] describe
the extracellular matrix components and regulators within the
airway smooth muscle bundle in fatal asthma, subjects with
asthma that died of other causes and controls. They found that
in fatal asthma: elastin fibres, fibronectin, and matrix metallo-
proteinase (MMP)-9 and -12 were increased in the airway
smooth muscle bundle in large airways; and only elastic fibres
were increased in the airway smooth muscle bundle in small
airways. These observations add to our increasing knowledge
of the different extracellular matrix profile in the airway
smooth muscle in asthma versus health, and add to the pattern
observed in the lamina propria and lamina reticularis
summarised in figure 1. Critically, can we predict how these
patterns of extracellular matrix distribution will impact on
airway function?

Airway calibre is determined dynamically by the balance
between forces driving constriction (namely, airway smooth
muscle) and forces maintaining patency (such as lung elastic
recoil), and is moderated by the relative hysteresis of airways
and lung parenchyma. In fatal asthma, elastic fibres are
decreased in the airway periphery and in the subepithelium,
and their loss leads to loss of compliance [9, 10]. Subepithelial
fibrosis might prevent airway narrowing and increase airway
wall stiffness, resistance to compression and tension. In severe
and fatal asthma, the proteoglycans versican, biglycan and
lumican are increased in the lamina propria and around the
airway smooth muscle [11-13], although they are not increased
within the airway smooth muscle-bundle [12]. The increased
elastic fibres in the airway smooth muscle bundle and the
distribution of proteoglycans may increase resistance to airway
wall deformation and provide a preload to the airway smooth
muscle that opposes its shortening and, therefore, airway
narrowing. The effect of extracellular matrix composition on
airway hysteresis is uncertain but, interestingly, recent
evidence does support a role for mast cell-airway smooth
muscle interactions in the bronchodilator/constrictor response
to a deep breath [14]. The potential effect on airway function of
extracellular matrix composition in different airway compart-
ments is summarised in figure 1. Interestingly, the increased
MMP-9 and -12 expression in the airway smooth muscle
bundle provides evidence that extracellular matrix turnover is
a dynamic process and therefore may be amenable to therapy.
In addition to its effect on the structure of the airway wall,
extracellular matrix may also exert effects on cell function,
particularly airway smooth muscle.
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FIGURE 1. Anillustration of the changes in extracellular matrix composition in
asthma and the associated potential physiological effects.

Increased airway smooth muscle mass, well recognised within
both large and small airway walls, is evident in both fatal and
nonfatal cases of asthma [15], and is a major determinant in the
development of persistent airway obstruction in chronic
disease [16]. This increased airway smooth muscle mass may
be due to increased airway smooth muscle proliferation,
survival or recruitment of airway smooth muscle progenitors
[17]. In vitro asthmatic airway smooth muscle proliferates at an
increased rate [18], which is in part due to exaggerated
metabolic activity [19] and altered matrix deposition [20].
Extracellular matrix proteins promote airway smooth muscle
survival, and fibronectin and collagen III and V enhance
airway smooth muscle migration [21]. Therefore, the increased
fibronectin expression in the airway smooth muscle bundle
observed by ARAUJO et al. [8] may be critical to promoting
airway smooth muscle hyperplasia. Extracellular matrix
composition can also influence airway smooth muscle con-
traction (reviewed in [22]). In addition, airway smooth muscle
cells cultured from subjects with asthma are hypersecretory
compared with cells from healthy donors, which is in part due
to the autocrine secretion of fibronectin [23]. Therefore,
extracellular matrix can promote airway smooth muscle
survival, proliferation, migration, contraction and secretion.

To date, most studies have focussed on specific features of
remodelling in tissue, such as extracellular matrix composition,
and some have related this to lung function or airway
hyperresponsiveness. In order to further appreciate the role
of remodelling, and the contribution from extracellular matrix
on airway structure and function, there is a need to undertake
multi-modality studies [24]. Advances in noninvasive imaging,
such as high-resolution CT, or invasive imaging techniques,
such as in vivo confocal fluorescence microscopy to detect
changes in the autofluorescence spectra of deposited matrix in
the airway wall [25], as well as methods of assessing bronchial
wall thickening, such as endobronchial ultrasound and optical
coherence tomography [26], provide us with detailed informa-
tion on geometry. These data need to be coupled with a
detailed immunopathological assessment of the same indivi-
dual in order to determine the relative impact on airway
physiology of airway inflammation, the pattern of remodelling
and altered airway geometry. Importantly, such studies need
to consider going beyond spirometry, which is a blunt tool and
may fail to capture the effects of airway structure on airway
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mechanics, such as hysteresis. In addition to these approaches,
it is important to include longitudinal assessments to allow
researchers to unpick these complex structure—function
relationships.

Critically, we need to know whether modifying extracellular
matrix composition and airway remodelling in general impacts
upon asthma symptoms, exacerbations and disease progres-
sion. There is limited data on the effects of current therapies on
extracellular matrix composition. In stable disease, inhaled
corticosteroid therapy for 6 weeks did not affect collagen III
expression [27], and in an allergen challenge study, extra-
cellular matrix composition increased in response to allergen
and was augmented rather than inhibited by corticosteroids
[13]. Therefore, corticosteroids may paradoxically increase
certain extracellular proteins. The advent of thermoplasty
brings with it tremendous enthusiasm that we may have a tool
to modify airway remodelling [28]. Although the early studies
show some promise, it is too premature to know if this
technique will realise its potential, and to date, it is unclear
whether it alters extracellular matrix composition in the
airway. Parallels have been drawn between asthma and lung
fibrosis, leading some authors to question whether asthma is a
fibrotic disease [29]. Therefore, advances in the management of
lung fibrosis may shed light on potential therapies to modulate
airway remodelling in asthma. However, perhaps before we
focus on normalising extracellular matrix composition we need
to stand back and ask again whether altered extracellular
matrix composition in the airway smooth muscle bundle and
in the airway in general is good or bad in the pathogenesis of
asthma. Indeed, we are still uncertain whether we can judge
airway smooth muscle in asthma by the company it keeps.
Perhaps we should encourage aspects of remodelling whilst
discouraging others; which we should chose remains to be
determined.
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