
EDITORIAL

Is COPD in adulthood really so far removed from early

development?
W. Shi and D. Warburton

C
hronic obstructive pulmonary disease (COPD), includ-
ing chronic bronchitis and emphysema, is commonly
thought of as an adult onset lung disease most often

seen in aging people with a tobacco smoking history [1]. Yet,
conversely, only ,20% of cigarette smokers develop full-blown
emphysema, while COPD may also be seen in nonsmokers.
Therefore, genetic susceptibility is a hot topic in recent COPD
research. A wealth of information has been accumulating
regarding genetic polymorphisms and the incidence and
severity of COPD in patients. However, the mechanisms by
which these genetic alterations contribute to COPD pathogen-
esis are as yet barely understood. Accumulated research
evidence from gene knockout and transgenic mouse models
suggest that some of these genetic mutations may affect lung
developmental processes in early life, which may later function
as an antecedent of apparently adult onset COPD. For
example, conventional gene knockout of latent transforming
growth factor-b binding protein 4 or Smad3 results in retarded
lung alveogenesis during early postnatal life with further
subsequent alveolar enlargement [2, 3]. Mutations of these
genes interfere with transforming growth factor (TGF)-b
signalling, which regulates lung growth in early life. A lung
with developmental abnormalities may thus be predisposed to
further disruption of lung homeostasis that may be caused by
imbalanced protease/anti-protease activities, for example
matrix metallopeptidase 9. However, blockade of TGF-b
signalling in lung epithelial cells alone is not sufficient for
spontaneous development of emphysematous pathology [4],
suggesting that disruption of TGF-b signalling in multiple
systems including immune regulation, contributes to the
subsequent development of alveolar destruction. As a further
multisystem protease/antiprotease balance example, a disin-
tegrin and protease gene, disintegrin and metalloproteinase
domain-containing protein 33, has been identified as relevant
in lung development [5], in lung function in the pre-school
years [6], as well as in asthma and COPD [7, 8]. Interestingly,
the studies of DIDON et al. [9], as published in this issue, report

that lung epithelium-specific deletion of the transcription
factor CCAAT-enhancer binding protein a disrupts normal
fetal mouse lung development, including altered airway and
lung cell differentiation as well as vascularity in early life. This
is followed by spontaneous development of chronic bronchial
inflammation, together with excess mucus production, as well
as emphysema in adulthood, a phenotype that closely mimics
human COPD.

In general, most genetic alterations including genetic poly-
morphisms are related to germline inheritance. Therefore,
changes in the affected gene expression and/or related gene
product function are assumed to occur from the beginning of
life, i.e. during development. Severe genetic mutation in some
genes that play critical roles during embryogenesis and
organogenesis may result in prenatal lethality, which may be
related to natural abortion and stillbirth. Moderately severe
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FIGURE 1. A postulated mechanism by which deficiency in some genes may

contribute to chronic obstructive pulmonary disease susceptibility, and harmful

environmental factors such as smoke exposure exacerbate the pathogenic

process. Wild-type lungs growing in room air (–––––) achieve the greatest

functional capacity and thus remain relatively healthy in spite of age related

degradation [1]. Smoking exacerbates degradation of lung function, even in healthy

individuals (– – –). Genetic alteration, as discussed in this editorial, decreases the

potential to develop maximal lung capacity compared with wild type (..........).

Smoking exacerbates loss of lung capacity faster, especially in a lung already

compromised by genetic mutation (- - -). Also, some steroid-resistant asthmatics fail

to develop normal lung functional capacity [10].
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genetic alteration in the genes involved in early development
may disturb normal structural formation and function in one
or more affected organs/systems, and hence cause clinically
diagnosed congenital diseases in children. In addition to the
genetic alterations described previously, genetic changes such
as DNA polymorphism may only have minor or negligible
immediate impact on developing organs/systems, resulting in
an apparently normal phenotype in childhood by routine
medical examination. However, the affected organ/system
may have reduced compensatory capacity and insufficient
repair function, leading to a defective response to injury
imposed by other factors, including external environmental
challenges. As a result, people born with these polymorphisms
may be predisposed to certain diseases later in life, so that
these diseases appear to have onset during adulthood.
Alternatively, genes that are not involved in early develop-
ment, or that have redundant functions with other genes, may
have adverse impacts on certain organs/systems only in
adulthood rather than during early development.

In the case of the lung, genetic alteration can affect both normal
lung development and function, starting early during the
embryonic developmental stage. This may result in both
reduction of the eventual maximum lung capacity in terms
of gas exchange capacity and lung function, as well as in
disturbance of normal lung homeostasis. In particular, upon
chronic exposure to harmful environmental factors, such as
cigarette smoke or vehicular pollution, the lungs may be
predisposed to excessive stress responses, including mechan-
ical and immunological responses in airways and terminal
alveolar structures, resulting in activation of pulmonary
degenerative cascades that degrade both physiological func-
tion and anatomic structure faster than would otherwise occur
with normal aging (fig. 1).
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