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Infection and remodelling: a 21st century model of

bronchiectasis?
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N
on-cystic fibrosis bronchiectasis is defined according to
morphological criteria as the permanent dilatation of
bronchi. Numerous causes have been identified, with a

common end-point of repeated, vicious cycles of infection,
inflammation and airway structural changes [1]. There is a
general belief that the incidence of bronchiectasis is falling,
but this is poorly researched [1, 2]. When assessed, prevalence
estimates vary widely between populations from 3.7 per 100,000
children in New Zealand to 52 per 100,000 adults in the USA [1].

Clinical descriptions of bronchiectasis made over 200 yrs ago by
René Théophile Hyacinthe Laennec, the inventor of the stetho-
scope, vividly reflect the considerable associated morbidity:
‘‘This affection of the bronchia is always produced by chronic
catarrh, or by some other disease attended by long, violent, and
often repeated fits of coughing’’ [3].

The spectrum of bronchiectasis can range from mild, almost
asymptomatic disease, through to disease showing accelerated
loss of lung function and leading to death. Such decline of lung
function in bronchiectasis is often associated with chronic
colonisation by Pseudomonas aeruginosa, the occurrence of severe
exacerbations, and evidence of systemic inflammation [1].

The British Thoracic Society clinical guidelines on bronchiectasis
have recently been published [2]. A notable aspect of the guide-
lines was that much of the evidence cited had the designation of
‘‘level D’’ i.e. non-analytic studies (e.g. case reports, case series) or
expert opinion.

In this issue of the European Respiratory Journal (ERJ), MARTIN

et al. [4] provide much-needed thorough research of potential
relevance to human bronchiectasis. Using epithelial cell lines,
primary human epithelia and a murine model, they investigated
the effects of Pseudomonas challenge, importantly assessing the
effect of both lab- and patient-derived pathogens. The study
showed that infection with P. aeruginosa induced vascular
endothelial growth factor (VEGF) synthesis in airway epithe-
lium and led to peribronchial angiogenesis in mice. Use of
epidermal growth factor receptor (EGFR) blockers indicated
that these observations were due in part to EGFR-dependent

mechanisms. Noting the finding of haemoptysis in human
bronchiectasis, MARTIN et al. [4] suggest that EGFR inhibitors
may have a role in reducing airway angiogenesis in chronic
airway diseases, characterised by infection. The authors also
noted that such findings need further examination in humans.

It is well recognised clinically that the airways in bronchiectasis
are hyperaemic in appearance, and bleed easily. There are ample
radiological and macro-anatomic data to back this up [5, 6] and it
has been well demonstrated that airway infection can stimulate
angiogenesis in animal models [7]. However, there has been little
research on the details of angiogenesis or abnormally dilated
vessels in the diseased bronchiectatic airway in humans, nor on
the cellular or mediator aetiology of such changes. More is
known about airway vessel changes in asthma, post-lung-
transplant bronchiolitis obliterans syndrome (BOS) and chronic
obstructive pulmonary disease (COPD). Some of the same
principles may apply to the airway in bronchiectasis, and the
interrelationships between bronchiectasis, asthma, COPD and
other airway diseases have been detailed [2, 8].

We know most about asthma, which has received the most study.
In this immuno-inflammatory airway remodelling pathophysiol-
ogy, there is well-established hypervascularity and angiogenesis
in the subepithelial lamina propria. These vessels are leaky [9],
and the combination of resulting oedema, plus the volume of the
vessels themselves in this physiologically strategic compartment
just inside the muscle layer, may contribute to the pathophysiol-
ogy of asthma especially during acute attacks. Hypervascularity
on the lamina propria has been related to airflow obstruction
[10], but especially to airway hyperresponsiveness [11]. A key
driving growth factor is likely to be VEGF [12], with also a
resetting of the VEGF receptor system towards an activated
endothelium [13].

In post-lung-transplant BOS, angiogenesis in the airways occurs
early and may not be progressive [14], although it may affect
lung function [15]. Unlike in asthma, this process seems not to
be driven by VEGF; indeed, VEGF underproduction may be part
of the pathology [12]. Furthermore, this is a neutrophilic process
and it may be the neutrophil chemokines, or their anti-microbial
peptide products [16, 17], that drive the angiogenic process. It is
noteworthy that neutrophilic variants of asthma are being
described [18], which means that further work is required to
understand what the implications of this condition are for vessel
changes.

COPD is in every way a complex disease, and in spite of its
major impacts socially and personally throughout the world,
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is relatively little studied, perhaps especially in terms of the
details of its airway pathology. The lung parenchymal compo-
nent of COPD may well be due to downregulation of VEGF
production [19]. The changes in the airway wall are especially
complex and data on angiogenesis in this compartment have
until recently been somewhat confusing and conflicting [20–22],
with changes perhaps more related to smoking than COPD itself
[12]. VEGF has been implicated in the airway component of
COPD [23].

Recent work has indicated that there is partitioning of con-
trasting vascular pathology in the airway wall: hypovascularity
with older larger vessels in the deeper lamina propria; and
hypervascularity with smaller new vessels in association with
the subepithelial reticular basement membrane [24]. There is
increased VEGF expression in association with the reticular
basement membrane vessel changes, and this is related to fixed
airflow obstruction. This indicates the potential complex nature
of angiogenic changes in airway pathophysiologies for which
animal models, such as that used by MARTIN et al. [4], may be
helpful.

When investigating the vascular structures of the lung, using
mice to model disease, it is however of utmost importance to
recognise the differences between mice and humans. An im-
portant example is differences in circulation. In humans, two
sets of circulatory systems (the bronchial and pulmonary
systems) supply the lung [25]. The bronchial circulation, origi-
nating in the aorta and thus part of the systemic circulation, does
not normally participate in gas exchange, which in contrast
constitutes the main function of the pulmonary circulation [25].
Importantly and in contrast to humans, mice do not have a
bronchial circulation originating from the systemic circulation:
the pulmonary circulation supplies the entire lung. Interestingly
in humans, this is also the case after lung transplantation.

In mice, inflammatory responses due to allergen exposure,
lipopolysaccharide or infection are known to induce vascular
remodelling of the pulmonary circulation, described in pulmon-
ary arteries, veins and parenchymal microvessels [26] in addition
to peribronchial microvessels [4]. The vascular remodelling
observed includes increased smooth muscle, increased collagen
synthesis and increased proliferation, although it predominantly
affects smaller vessels. In contrast, the parenchymal microvessels
are found to display a more muscularised phenotype [27, 28].

Persistent inflammation is a cardinal feature of bronchiectasis [1]
and there are potential interactions with the circulation. In-
terestingly, studies investigating pulmonary vascular physiol-
ogy in mice following allergic airway inflammation suggest that
inflammation results in a hyperreactive response to hypoxia [29]
and production of vasoactive mediators such as endothelin
(ET)-1 and serotonin [30].

In microvascular endothelial cells, hypoxia has been shown to
induce secretion of VEGF and ET-1 [31] through the expression of
hypoxia-inducible factor (HIF)-1, which in turn is known to evoke
recruitment of circulating monocytes and/or mononuclear
fibrocytes. HIF-1 consists of two subunits, HIF-1a and HIF-1b,
which, during hypoxic conditions, form a transcription factor that
regulates expression of about 100 genes, with some involved in
anaerobic metabolism and others in angiogenesis and apoptosis
[32]. Hypoxia also increases the expression of the chemokine

(CXC motif) ligand 12 (CXCL12) in endothelial cells, epithelial
cells and cells subjected to injury-induced stress. In addition to
CXCL12, expression of its receptor CXCR4 is also increased,
particularly on fibrocytes [33]. Binding of CXCL12 to fibrocytes
results in the release of VEGF, matrix metalloproteinase (MMP)-9
and nitric oxide, as well as cytoskeletal rearrangement that allows
increased mobility and chemotaxis [34]. Interestingly, increased
numbers of tissue fibrocytes have been related to pathological
remodelling of lung parenchyma and pulmonary vessels in BOS
[35], suggesting that fibrocytes can modulate the microenviron-
ment during or following hypoxia. Initial recruitment may result
in increased permeability of the bronchial/pulmonary circula-
tions, whereas chronic recruitment will ultimately lead to altered
composition of the extracellular matrix (ECM), as well as induc-
tion of damage-associated molecular patterns (DAMPs). DAMPs
are specifically generated upon tissue injury and activate re-
ceptors detecting danger signals, such as RAGE (receptor for
advanced glycation end products) and Toll-like receptors. These
receptors are also activated by a number of molecules, such as
versican, biglycan and fragments of hyaluronan and heparan
sulphate [36], and thus represent a key link between infection,
tissue injury and ultimately repair. Importantly, these ECM
molecules are also involved in activation of the CXCR4/CXCL12
axis as well as binding of both transforming growth factor
(TGF)-b and VEGF [35].

The article by MARTIN et al. [4] in this issue of the ERJ highlights
the importance of and the need to obtain more knowledge
about the link between angiogenesis and pathogen-associated
airway infection. The available literature indicates that it may
be of importance to consider the role of DAMPs together with
hypoxia in this interplay. Such research may have broad
significance in a variety of airway diseases and potentially
have modern therapeutic implications for pathophysiologies
first described in 19th century translational European research.
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