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Autophagy Protects from Ventilator-induced Lung Injury Partly through Activation
of Haem Oxygenase-1 Pathway
D Liu, Y Yang, Y Qi, K Wu, S Zhao
ABSTRACT

Mechanical ventilation is an indispensable life supportive treatment in the intensive care unit (ICU) for
the critically ill patients with acute lung injury (ALI) or acute respiratory distress syndrome (ARDS).
But longer ventilation time has been proven to contribute to the lung injury and has been recognized as
ventilator-induced lung injury (VILI). Recent studies have suggested that haem oxygenase-1 (HO-1)
signalling pathways m ay play a critical role in the process of inflam m ationand autophagy, and
autophagy can reduce the damage of VILI partly by activating the HO-1 pathways. Thus, we propose
that autophagy, partly through activation of HO-1 pathway, may protect from VILI, which might be a
new potential therapeutic target. Although the exact mechanism of autophagy and its exact role in the
VILI need to be further explored, at least it provides a potential target in the future prevention of
VILI.
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INTRODUCTION
Mechanical ventilation is an indispensable life supportive
treatment in the intensive care unit (ICU) for the critically ill
patients with acute lung injury (ALI) or acute respiratory
distress syndrome [ARDS] (1). However, longer ventilation
time may initiate or exacerbate lung damage in both healthy
and diseased lungs, which is called ventilator-induced lung
injury [VILI] (2). Both traditional high tidal volume ventilation and low tidal volume cannot completely avoid
regional alveolar distension for the highly spatial heterogeneity in the lungs of ALI/ARDS (3). Because these complications may have potential relationships in patients
subjected to mechanical ventilation, it is very necessary to
find a potential treatment strategy to further eliminate or
alleviate VILI in the ICU.
Autophagy is a highly-conserved eukaryotic cellular
recycling process to degrade the cytoplasmic components,
such as damaged organelles, long-lived proteins and other
macromolecules (4). Autophagy was originally recognized
as a crucial pro-survival mechanism to supply the cell with
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ever, it is still unclear if autophagy promotes cell survival
during stress or induces autophagic cell death, which is often
termed as type II programmed cell death. Therefore, there is
still no consensus about the exact role of autophagy on cell
survival or death. We speculate that autophagy, partly
through activation of haem oxygenase-1 system (HO-1), may
protect from VILI. Our view suggests that inhibition of
autophagy may be a possible therapeutic modality for VILI in
the ICU.

BACKGROUND AND EVIDENCE
Recently, several reports have indicated that autophagy can
be induced during many different situations, such as energy
starvation, inflammation, cancer and other diseases (6).
Moreover, it is reported that autophagy can clear the cellular
components, such as inflammasomes and cytokines, thus
providing an important means of regulating inflammation
(7). It is reported that HO-1 upregulation by haemin may
play a protective role in ventilator-induced lung injury by
suppression of inflammatory process and oxidative stress (8),
which is one of the major regulation pathways of autophagy
(9), thus there is no doubt that autophagy can be activated
after VILI.
In fact, many reports have suggested that HO-1
signalling pathways have an important role in the regulation
of autophagy (10) and inflammation (11). In the C57BL/6
mice model, HO-1-mediated autophagy can protect against
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hepatocyte cell death and hepatic injury from infection/sepsis
in mice (12). Moreover, in myocardial dysfunction, HO-1
can prevent cardiac dysfunction in streptozotocin-diabetic
mice by reducing inflammation, oxidative stress, apoptosis
and enhancing autophagy (13). Furthermore, in the
C57BL/6N mice, sevoflurane can attenuate pulmonary
inflammation and ventilator-induced lung injury by upregulation of HO-1 mRNA expression in mice (14). In other
experiments, impairment of autophagy results in an
ameliorated inflammatory response to mechanical ventilation
and decreases lung injury in the mice lacking autophagin1/ATG4B (15). Thus, the above reports have shown that
autophagy activated during VIL I may be essential for the
protection regulated by the HO-1 pathway.
These studies have suggested that autophagy can act as
a survival pathway in the process of inflammation against
VILI. Previous studies have proven that HO-1 pathway, one
of the main regulators in autophagy, can decrease
VILI through inhibiting the inflammatory process and
oxidative stress (8, 16). Thus, we speculate that autophagy
may play a role as a survival pathway during the VILI
through the regulation of inflammatory response.

CONCLUSION
In recent years, the effect of autophagy during VILI has been
explored extensively. The exact role of autophagy and its
mechanism in the VIL I should be further investigated. At
least it provides possible therapeutic foci in the future
prevention of VILI in the ICU.
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