
EDITORIAL

Disruption of the lung structure maintenance

programme: a comprehensive view of emphysema

development
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T
he lung is highly exposed to the external environment
and must cope with a number of challenges from
inhaled particles, toxic gases and invading microorgan-

isms. Defence against these external injuries depends on
various mechanisms (antioxidants, antiproteases and the
immune response), and an efficient system for removing and
replacing apoptotic cells. Failure to cope with external injury
may lead to lung damage and destruction.

Emphysema is a characteristic feature in the lungs of patients
with chronic obstructive pulmonary disease (COPD). Its
pathogenesis is far from being completely understood. More
than 40 yrs ago, investigators reported that the instillation of
proteolytic enzymes in rats caused airspace enlargement [1]
and that genetic deficiency in the neutrophil elastase inhibitor
a1-antitripsin was also associated with emphysema [2]. These
observations led to the hypothesis that emphysema was the
result of an imbalance between proteolytic and antiproteolytic
agents. The subsequent demonstration of increased numbers of
neutrophils and macrophages in the lungs of smokers, and the
known capacity of these cells to produce proteolytic enzymes,
pointed to a connection between the inflammatory reaction
characteristic of COPD and proteolytic/antiproteolytic imbal-
ance, leading to the prevalent theory of an inflammatory–
proteolytic origin of lung destruction in COPD. This theory
does not, however, explain all the features in the lung of
patients with COPD [3]. In recent years, alternative or
complementary hypotheses have been proposed, including
oxidative stress [4], apoptosis [5], cell senescence [6] and
autoimmunity [7], providing a more complex and comprehen-
sive view of the pathogenesis of emphysema in COPD.

Central to our current understanding of the pathogenesis of
emphysema is the concept of a lung structure maintenance
programme [8, 9], which considers that the lung is a
metabolically active organ designed for gas exchange and the
processing of endogenous substances constantly exposed to
the environment. The lung’s metabolic functions can only be
guaranteed if the organ’s structure is maintained and defended

against external and internal injuries. Defence and mainten-
ance of the lung is achieved at various levels by means of
antioxidants, antiproteases and the immune system, as well as
stem cells that substitute apoptotic cells. In this scenario,
destruction of the lung parenchyma may occur if there is
ineffective antioxidation, unopposed proteolysis, excessive
apoptosis, impaired clearance or substitution of apoptosed
cells, cellular senescence without adequate cell replacement, or
a switch from an innate toward an autoimmune response.
Accordingly, the pathogenesis of emphysema can be broadly
viewed as the disruption of the lung structure maintenance
programme through various mechanisms that may synergise.
This comprehensive concept may include and frame the
various theories proposed for the pathobiology of emphysema.

In the process of lung destruction, both epithelial and
endothelial cells die, and their apoptosis has been shown in
human and animal lungs [10–12], suggesting that apoptosis
may play a role in the pathogenesis of emphysema [5]. 10 yrs
ago, investigators drew attention to the loss of alveolar
capillary endothelial cells as a crucial event in the pathogenesis
of emphysema [12]. Survival of endothelial cells is largely
achieved through the action of vascular endothelial growth
factor (VEGF), which is abundantly expressed in the lung [13].
Circumstantial and experimental evidence suggests that VEGF
deficiency may play a role in the pathogenesis of emphysema
in COPD patients. Emphysematous lungs of patients with
advanced disease show decreased VEGF mRNA and protein
expression, and decreased VEGF receptor 2 (VEGF-R2) [12].
Cigarette smoke extract reduces VEGF production in epithelial
cells [14], and exposure to cigarette smoke causes significant
decreases in VEGF and VEGF-R2 expression in rodent models
of emphysema [15]. Furthermore, treatment of rats with the
VEGF receptor blocker SU5416 induces alveolar septal cell
apoptosis, pruning of the pulmonary arterial tree and enlarge-
ment of the air spaces [16], while the genetic deletion of VEGF
[17] or the generation of anti-endothelial cell antibodies
(including antibodies against VEGF-R2) [18] cause airspace
enlargement. Accordingly, emphysema appears as a state of
VEGF deficiency that compromises the survival of endothelial
cells and, hence, the lung structure maintenance programme.

The mechanisms responsible for the reduced VEGF gene and
protein expression in the lungs of COPD patients are poorly
understood. In this issue of the European Respiratory Journal,
YASUO et al. [19] investigate the role of the hypoxia inducible
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Sunyer, University of Barcelona, and #Centro de Investigación Biomédica en Red de Enfermedades

Respiratorias, Barcelona, Spain.
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factor (HIF)-1a in VEGF deficiency in COPD. HIF-1a is a major
factor regulating VEGF gene transcription [20]. The article by
YASUO et al. [19] shows reduced protein expression of HIF-1a in
the lungs of patients with COPD, particularly in those with
more severe disease. In their study, expression of HIF-1a was
related to the degree of airflow obstruction, as well as to the
expression of VEGF and some downstream genes. These
findings are important, since they provide a mechanism for the
reduction of VEGF in emphysematous lungs that was not
previously apparent. However, they are surprising because
HIF-1a is upregulated by hypoxia and inflammation [20],
which are major features of advanced COPD. At first glance,
one would have expected the opposite. To solve this apparent
contradiction, YASUO et al. [19] explored the expression of
histone deacetylase (HDAC)2 and p53 in the lungs of their
patients. They investigated these molecules because inhibition
of HDAC downregulates hypoxia response genes and
hypoxia-induced angiogenesis by suppressing HIF-1a activity
[21]. Such an inhibitory effect on HIF-1a activity impedes the
induction of VEGF in response to hypoxia, at both transcrip-
tional and translational levels [21]. The expression of the
proapoptotic tumour suppressor protein p53 is increased in
lungs of COPD patients [22] and p53 may also contribute to
regulating the transcription of the HIF-1a gene.

Previous studies have shown that the levels and activities of
HDAC are decreased in response to oxidative stress and
exposure to cigarette smoke [23, 24]. Since these factors are
involved in the pathogenesis of COPD, decreased HDAC
activity could eventually explain the reduction of VEGF
expression in emphysema. Furthermore, HDAC2 negatively
regulates p53 activity by inhibiting p53–DNA binding.
Accordingly, the decrease in HDAC activity and, conse-
quently, the upregulation of p53 could promote cell apoptosis.
YASUO et al. [19] demonstrate reduced expression of HDAC2
and increased expression of p53 in patients with severe
emphysema. As oxidative stress impairs the expression of
HDAC2 [25] and upregulates p53 [26], the authors suggest that
oxidative stress elicited directly by cigarette smoke or
inflammation products might be at the origin of the reduction
in HIF-1a, and that of VEGF, in emphysematous lungs [19].

The hypothesis proposed by YASUO et al. [19] is interesting as it
links oxidative stress, a well-established mechanism of lung
damage [4], with the impairment of VEGF, a critical factor for
endothelial survival, and, therefore, the smooth running of the
lung maintenance programme. However, single time-point
observations do not provide mechanistic data and single
correlations do not prove causality. The overall picture is far
more complex. The authors propose oxidative stress as the
mechanism for HDAC2 reduction, but oxidative stress is also
related to the degree of inflammation, which in turn may
induce HIF-1a through the action of growth factors and
cytokines [20, 27]. Unfortunately, arterial blood gases were
not measured and, therefore, there are no data in the study by
YASUO et al. [19] on the potential role of hypoxaemia, a major
factor regulating HIF-1a expression, in these complex interac-
tions. Furthermore, it remains to be seen whether the reduced
expression of HIF-1a affects the lung exclusively or whether it
is a more widespread phenomenon. The latter does not seem to
be the case, since lung tumours express HIF-1a [28] and
patients with COPD may also show increased expression of

HIF-1a in skeletal muscle [29]. It should also be noted that, if
downregulation of HIF-1a is the origin of decreased levels of
VEGF and accounts for the development of emphysema, HIF-1a
should be reduced in the early stages of the disease. The latter
was not the case in the group of patients with mild COPD in the
study by YASUO et al. [19], who had HIF-1a protein levels similar
to that observed in the control group. There is also evidence that
VEGF may be upregulated in pulmonary muscular arteries
of patients with mild COPD [30]. Therefore, the hypothesis
proposed by YASUO et al. [19] in their article requires the support
of experimental studies addressed to test whether HIF-1a
suppression results in reduction of VEGF and subsequent
development of pulmonary emphysema.

Despite the many questions pending solution, the article by
YASUO et al. [19] represents an important advance in our
understanding of the pathobiology of emphysema at the level
of gene transcription of factors critically relevant to cell
survival. The hypothesis proposed by the authors is linked to
tissue damage induced by oxidative stress and it is framed
within the concept of a disrupted lung maintenance pro-
gramme. Better knowledge of the specific mechanisms
involved in the pathogenesis of emphysema, and their place
in a wider context where various pathways may converge and
interact, will eventually provide the clues for therapeutic
interventions capable of repairing lung destruction in COPD.
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