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A possible role for VEGF in the pathology of asthma and COPD

I

t has been recognised for several
hundred years that the bronchial
vasculature is an extensive one with
early descriptions by Ruysch and possibly Da Vinci.1 However, its function and
regulation in health and in disease
remain poorly understood. Studies a
number of years ago suggested an
increased number of bronchial vessels
in asthma where increased collagen IV
staining, a marker of new vessels, was
seen in bronchial biopsies of asthmatic
airways compared with controls.2
Subsequent studies by the same group
and by Salvato and colleagues have
confirmed the presence of angiogenesis
in the bronchial circulation in asthma.3 4
There are a number of candidate angiogenic factors for these changes, perhaps
the most important of which are vascular endothelial growth factor (VEGF)
and the angiopoietins which are distinct
molecules that act together at different
stages of angiogenic processes in several
biological systems.5–11 Other molecules
with angiogenic potential are fibroblast
growth factor,9 angiogenin,9 and chemokines such as interleukin (IL)-812 and
eotaxin.13 Interestingly, angiogenesis
seems to be a feature of inflammatory
diseases at a number of sites in the body
including the joints14 and the gut.15
The study published in this issue of
Thorax by Kranenburg and colleagues16
suggests that bronchial vascular
changes may also occur in chronic
obstructive pulmonary disease (COPD).
The authors measured the cellular
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expression pattern of VEGF and its
receptors Flt-1 and KDR/Flk-1 by immunohistochemistry in central and peripheral
airways obtained from ex-smokers with
or without COPD. They found that
VEGF Flt-1 and KDR/Flt-1 immunostaining was localised in vascular and
airway smooth muscle cells, epithelial cells,
and macrophages. In contrast, the
endothelial cells did not express VEGF
but did express its receptors, consistent
with them being effector cells for VEGF to
act on rather than an important autocrine
source.
VEGF expression on bronchial tissues
was higher in patients with COPD than
in those without COPD. VEGF exists as
at least five gene products A–E with
VEGF-A being the most potent.17 VEGFA has several spliced variants which are
expressed by airway cells.17 A number of
conditions relevant to COPD have been
shown to increase VEGF expression and
release including cigarette smoke,18
hypoxia,19 and cytokines such as IL-1b
and transforming growth factor (TGF)b.20
What is the significance of VEGF
expression patterns in the bronchial
vessels in asthma and COPD and how
might VEGF contribute to the pathology
of these diseases? Increased airway wall
thickening would cause enhanced airway narrowing on stimulation with
constrictor agents, thereby contributing
to bronchial hyperresponsiveness. An
increased bronchial vasculature would
increase inflammatory cell trafficking
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and exudation and transudation of
mediators, particularly if vascular permeability was altered. The increased
vasculature could also contribute to
airway hyperresponsiveness by supporting the increased airway smooth muscle
mass which is a feature of both asthma
and COPD.21 Interestingly, the study by
Kranenburg et al16 showed increased
staining in bronchial smooth muscle
consistent with this hypothesis. An
alternative hypothesis, however, is that
the increase in the bronchial vasculature
is a protective mechanism which results
in increased clearance of proinflammatory mediators and cytokines from
inflamed airways. Studies in mouse
models have helped to shed light on
this issue. Lee et al22 showed that VEGF
was increased in the lungs in a mouse
model of asthma and that VEGF receptor inhibitors inhibited cellular influx as
well as inhibiting airway hyperresponsiveness and reducing microvascular
leakage.
Interestingly, a number of treatments
for airway diseases can modify VEGF
production. Glucocorticoids reduce
VEGF secretion by structural17 and
inflammatory airway cells23 in vitro
and both glucocorticoids and long acting b agonists have been shown to
reduce the vascularity of asthmatic airways in vivo.2 3 The effect of these
agents on VEGF expression and angiogenesis in COPD has not yet been
studied but would be interesting to
determine. This suggests that strategies
targeting VEGF may have a beneficial
effect on bronchial wall inflammation
and remodelling, at least in asthma. The
situation may be more complex in
COPD, however, due to coexisting
emphysema and pulmonary hypertension.
In addition to studying VEGF expression in bronchial and bronchiolar walls,
Kranenburg et al16 also looked at VEGF
staining in the alveolar spaces and
pulmonary vessels. They found that the
epithelial and endothelial cells in the
alveolar spaces and the distal airways
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that strategies specifically targeting
VEGF in COPD would have unpredictable and possibly opposing effects on
some of the different processes.
Over the next few years we are likely
to find out a great deal more about the
importance of the role of angiogenic
processes in a number of different lung
diseases and the role that VEGF, its
receptors, and other angiogenic factors
play in several situations.
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were intensively positive for VEGF in
patients with COPD. They hypothesise
that VEGF secreted by these cells may
be involved in the establishment and
maintenance of the function of the
blood-gas interface. Studies in animal
models suggest that VEGF and its
receptors play a protective role in the
development of emphysema. Kasahara
et al24 have shown that inhibition of
VEGF receptors with the specific receptor inhibitor SU5416 can cause alveolar
cell apoptosis and the development of
emphysema in rats. These findings are
of interest as they suggest that the
increased VEGF expression in the distal
airspaces seen by Kranenburg et al16 may
be a protective compensating mechanism. Collectively, these studies suggest a
paradoxical role for VEGF in the bronchi
and air spaces in COPD—with a protective role in the alveolus but a detrimental function in the bronchi and
bronchioles.
The situation becomes more complex
still when changes in the pulmonary
circulation are taken into account.
Kranenburg et al16 showed that VEGF
expression was increased in the pulmonary vessels in COPD, suggesting a
potential role in the development of
pulmonary hypertension. There is an
extensive literature going back over
10 years looking at the role of VEGF
and its receptors in pulmonary hypertension. Pulmonary hypertension is
characterised by plexiform lesions in
pulmonary vessels and VEGF is
expressed inside the plexiform lesions
as well as in smooth muscle adjacent to
the lesions.25 Data from animal models
suggest that VEGF may have a protective role as inhibition of the VEGF
receptor II combined with chronic
hypoxia causes cell death dependent
pulmonary endothelial cell proliferation
and severe pulmonary hypertension.26
Moreover, overexpression of VEGF
using cell based gene transfer reduced
monocrotaline
induced pulmonary
hypertension in rats,27 and similar findings were reported with adenoviral
mediated overexpression in a chronic
hypoxia rat model.28
The paper by Kranenburg et al is
therefore an important one which raises
many questions about VEGF in COPD.
VEGF and its receptors are involved in
many processes in COPD including
bronchial wall remodelling, emphysema, and pulmonary hypertension.
The complexity of these roles suggests
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