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Normal lung development needs self-eating
David Warburton1 and Saverio Bellusci1,2

1The Saban Research Institute, Children’s Hospital Los Angeles, USC, Los Angeles, California, USA. 2Justus Liebig University, Giessen, Germany.

Autophagy in the lung
Autophagy is a Greek-derived neologism 
meaning “self-eating.” It is a normal phys-
iological process by which cells and their 
constituent organelles can be eliminat-
ed and recycled during states of cellular 
stress, such as starvation. Over the previ-
ous decade, there has been a surge of inter-
est in autophagy, as both a cell and organ-
ism survival mechanism during starvation 
as well as a potential therapeutic target 
in various human diseases, including 
cancer and fibrosis. Since 2010, research 
into the role of autophagy in the lung has 
dramatically increased and focused on 
diverse areas, including chronic respira-
tory disease, fibrosis, lung cancer, inflam-
mation-mediated injury, and emphysema  
(1–15). Now, Yeganeh and colleagues (16) 
provide compelling evidence that intrin-
sic autophagy is required for normal 
progression of lung development. Early 
abrogation of autophagy via conditional 
deletion of beclin 1 (Becn1), which regu-
lates autophagy-programmed cell death 
via interactions with BCL-2 or PI3K, 
specifically within lung epithelial cells  

resulted in neonatal lethal respiratory 
distress. Induction of lung epithelium– 
specific Becn1 knockout at an early time 
point in gestation (E10.5) reduced airway 
branching and saccule formation and 
failed to optimally thin the lung mesen-
chyme. Animals in which the same dele-
tion was induced at a later time point in 
gestation (E16.5) presented with reduced 
terminal air sac formation and vascular-
ization. An important caveat to note about 
these experiments is that the double- 
transgenic approach used in this study 
[Becn1fl/fl mice crossed with Sftpc-rtTA 
tet(o)Cre mice] is notoriously inefficient 
for gene deletion; therefore, induction of 
Becn1 knockout at later stages could pos-
sibly be even more penetrant and severe if 
a stronger driver, such as sonic hedgehog–
Cre, were used for these experiments.

Conclusions and future 
considerations
Yeganeh et al. nevertheless draw poten-
tially insightful parallels between their 
observations in mice and the alveolar 
simplification that is characteristic of 

bronchopulmonary dysplasia (BPD) in 
premature human infants (16). This is an 
intriguing speculation that could perhaps 
be of clinical relevance, as BPD is charac-
terized by some of the defects, including 
altered saccule formation, airway branch-
ing, and mesenchymal thinning, that were 
observed in the mouse model. What makes 
the lung mesenchyme thin out during the 
latter part of gestation and how this con-
tinues postnatally into the alveolar phase 
of lung development have been something 
of a mystery. Apoptosis, particularly in 
the mesenchyme, is present, but has not 
been found to be definitively and entirely 
responsible for mouse lung remodeling 
during development.

The study by Yeganeh and colleagues 
has uncovered epithelial BECN1–mediated 
intrinsic autophagy as an important driver  
of cell death, cell differentiation, and 
remodeling of the lung epithelium during 
development; however, the role of intrin-
sic autophagy in the mesenchymal thin-
ning-out process is still unclear (16). For 
example, Yeganeh et al. did not address 
how inhibiting autophagy in the epithelium  
might prevent mesenchymal thinning and 
limit capillary vascular formation. More-
over, the mechanisms that link inhibition 
of epithelium-specific autophagy to lin-
eage differentiation are not at all clear. 
In addition, both FGF10 signaling and 
miRNA142-Ep300 have been implicated 
in these very same processes (17). If stim-
ulating epithelial autophagy might indeed 
be helpful to prevent BPD, a practical 
challenge would be to develop a gain-of- 
function stimulation strategy to elicit auto-
phagy in the right places and at the right 
times. Yeganeh et al., however, do point out 
that physiological waves of autophagy in 
the developing mouse lung appear to coin-
cide with waves of AMPK activation; there-
fore, drugs such as caffeine, metformin, or 
other phosphodiesterase inhibitors might 
be somewhat effective as AMP-mediated, 
but fairly nonspecific, autophagy stim-
ulants to potentially reverse bleomycin- 
induced lung fibrosis and perhaps eventu-
ally to treat BPD (18, 19).
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Autophagy is a Greek-derived concept that means “self-eating” and 
is increasingly recognized as an important regulator of homeostasis 
and disease. In this issue of the JCI, Yeganeh et al. report the important 
finding that intrinsic autophagy is required for normal progression of 
lung development. Conditional deletion of the beclin 1–encoding gene 
(Becn1) specifically within lung epithelial cells of embryonic mice resulted 
in neonatal lethal respiratory distress that was associated with negative 
impacts on airway branching and differentiation of airway epithelial 
cell lineages. The authors draw speculative parallels with the alveolar 
simplification phenotype of bronchopulmonary dysplasia in premature 
human infants and suggest that stimulation of autophagy by AMP-
dependent kinase activation might conceivably rescue these phenotypes.
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