
EDITORIAL

Does "A" stand for alveolization?

J.S. Torday, V.K. Rehan

The current issue of the European Respiratory Journal
(ERJ) publishes a report by HIND and MADEN [1] showing
vitamin A induction of alveolization which has been read with
great interest. Vitamin A is a nutrient that is important for
lung organogenesis, homeostasis and repair. It was more than
60 years ago that WOLBACH and HOWE [2] first demonstrated
that vitamin A deprivation caused squamous metaplasia of
conducting airway epithelium, that could be reversed by
vitamin A repletion. Since this report many clinical studies
and animal models, have supported the importance of dietary
retinoids in lung morphogenesis and repair. These studies
have generated optimism that retinoic acid might be useful for
promoting alveolization in both the premature neonatal and
emphysematous adult lung. Premature infants who are at risk
of developing bronchopulmonary dysplasia (BPD) have low
retinoid liver stores and blood levels at birth [3, 4]. In fact,
infants who develop BPD show squamous metaplasia of the
conducting airways and show alveolar arrest, findings similar
to those occurring in vitamin A-depleted animals. Therefore,
it is not surprising that several investigators suggest that
the course of BPD in very low birth-weight infants can be
ameliorated by supplemental vitamin A [5, 6]. In a rando-
mised, controlled multicentre clinical trial, vitamin A
supplementation caused a small, but significant reduction in
BPD [7].

The involvement of vitamin A, not only as a preventive but
also as a therapeutic role in lung injury, has previously been
suggested by many investigators. For example, MASSARO and
MASSARO [8] showed that in rat pups whose alveolization
process had been arrested by exogenous corticosteroids,
retinoic acid administration caused a dramatic increase in
the number of alveoli, through the proliferation of secondary
septa. The studies by HIND and MADEN [1], reported in this
issue extend the work by MASSARO and MASSARO [8] and
their own previous work, by showing that in a mouse model
firstly that disulphiram, a retinoic acid (RA) synthesis
inhibitor, disrupts alveolar development, and secondly that
RA, when administered to adult mice, restores the lung
cytoarchitecture that had previously been disrupted by the
postnatal administration of dexamethasone.

Although it is becoming clear that retinoic acid, a bio-
logically active derivative of vitamin A, plays an important role
in both the biochemical (surfactant) and structural (alveoliza-
tion) maturation of the developing lung, the molecular
mechanisms involved remain poorly understood. In fact, the
molecular signals responsible for the normal initiation of
alveolization and its developmental regulation are largely
unknown. However, the following lines of observation suggest
that retinoids play a key regulatory role in this process. These

include: 1) the abundant presence of retinol-rich lipofibro-
blasts in the alveolar wall during the period of normal
septation, and their significant diminution after septation has
been completed [9]; 2) high concentrations in the lung of RA
synthesising enzymes, receptors, and cytoplasmic proteins
during the period of septation [8]; 3) dexamethasone-induced
inhibition of septation is associated with a diminution in
the concentration of cellular retinol binding protein (CRBP)-I
messenger ribonucleic acid (mRNA) and up-regulation of
CRBP-I mRNA on treatment with RA [10]. More direct evid-
ence that RA regulates septation is shown by the following:
1) mice made mutant for RA receptor-gamma, fail to form
alveoli normally [11]; 2) RA treatment of neonatal rats during
the period of spontaneous septation causes a 50% increase in
alveolar number without an increase in alveolar volume [7]; 3)
dexamethasone treatment during the period of spontaneous
alveolization arrests this process and RA treatment during
this period prevents the dexamethasone-induced inhibition of
alveolization [7]; 4) RA treatment of adult rats, previously
made emphysematous by the intratracheal instillation of
elastase, causes the induction of septation [12]; 5) RA induces
septation in foetal mouse lung explants; 6) treatment of
prematurely delivered sheep with retinol increases alveolar
number; and 7) the current work of HIND and MADEN [1] can
be added to this growing list for the evidence of RA
involvement in alveolization. However, more work has to
be done and many questions need to be answered before these
findings can be extrapolated to retinoic acid for human
studies. As acknowledged by HIND and MADEN [1] not all
studies have shown that retinoic acid can rescue alveolar
regeneration in all lung injury models. Some have shown only
a partial rescue of alveolar surface area in elastase-treated rats
[13, 14] and some have, in fact, reported no effect at all [15,
16]. More importantly, almost no data are available to assess
the functional capacity of the rescued lung. It is crucial that
these measurements are made both at the cellular (e.g.
surfactant synthesis by type II cells and lipid uptake by the
lipofibroblasts) and at the whole animal level (ventilation/
perfusion matching) before these studies can be extended to
humans. In fact, rather disappointingly, when lung function
was assessed in a rat model, no effect could be demonstrated
with RA treatment [15].

The exact role of RA in alveologenesis and the underlying
molecular mechanisms involved, need to be clearly elucidated.
It is important to point out that retinoids may regulate only
the eruption of septa and their spacing (the distance between
the septa), and not the septal length, and therefore not the
ultimate alveolar size, which are probably determined by
other regulators that provide feedback inhibition of septal
elongation when optimal alveolar size has been attained. This
is supported by previous findings [8] in a dexamethasone-
induced lung injury rat model that RA only increased alveolar
number without increasing alveolar size/volume (gas-exchanging
area). Understanding how retinoids influence the sites of
secondary septal sprouting is fundamental to the process of
understanding alveolization [17]. Whether retinoids modulate
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pre-programmed sites for secondary septum formation or
provide a morphogenetic gradient for chosen sites for septal
formation needs to be explored. Or retinoids might work by
recruiting either dormant or circulating stem cells to sites of
septal sprouting during the process of alveolization. The
whole array of retinoid-responsive genes, their temporal and
spatial expression, their regulators (including coactivators
and corepressors), and species-specific information is now
needed to take the retinoid story to the next level.

Recent studies of the role of interstitial fibroblasts in
lung morphogenesis, homeostasis and pathogenesis [18] may
provide clues to how retinoic acid determines septation of
the lung alveolus-lipofibroblasts, which "traffick" the lipid
inclusions that retinoids are stored in [19], are strategically
positioned beneath alveolar type II cells [20], and can
transdifferentiate to myofibroblasts, the cellular core of the
alveolar septum [21]. Further understanding of the spatial and
temporal determinants of the lipo- and myofibroblast will
reveal the mechanisms of alveolar wall septation, remodelling
and regeneration. Using focused technologies such as in situ
hydridisation, laser capture microdissection coupled with
micro-arrays on these samples, and confocal microscopy
should be used to sort out the key players from a large
number of retinoid-responsive genes before a great deal of
progress can be made for retinoids to serve as preventive and/
or therapeutic modalities for human lung disease. Until these
questions are answered retinoic acid intervention is likely to
be limited only to specific experimental models of lung injury
that specifically involve disruption of retinoic acid-mediated
pathways, e.g., disulphiram- or dexamethasone-induced lung
damage rather than a "magic bullet" for many other forms of
lung injury. Even then, a large amount of work needs to be
performed to explore the effects of therapeutic doses of
retinoid administration on other organ systems, including the
developing heart and brain, before we can "take the ’A9 train"
safely.
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