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Acute respiratory distress syndrome (ARDS) is a life-threatening form of respiratory failure characterised
by widespread inflammatory lung injury. Damage to the delicate alveoli and microvasculature leads to
significant alveolar oedema, impaired gas exchange and, ultimately, hypoxaemia [1]. ARDS can be triggered
by a variety of different insults, which can be either infectious or non-infectious in nature, and common
causes include pneumonia, sepsis, aspiration, noncardiogenic shock, trauma, blood transfusion and
inhalation injury [1]. The initial insult leading to ARDS may directly or indirectly involve the lung (e.g.
trauma to the lung versus extremities), yet a robust immune response is observed in the lung in both cases.
ARDS affects ∼10% of patients admitted to the intensive care unit and 23% of those requiring mechanical
ventilation, and has a mortality rate of 35–46% [2]. There are no therapies available for these patients
and, as such, understanding the underlying mechanisms of ARDS is key to future interventional therapy.

The innate immune system plays an integral role in the pathophysiology of ARDS, but multiple views of
who the culprits are exist. One view suggests that in the initial inflammatory stage, activated alveolar
macrophages resident in the lung release a plethora of pro-inflammatory mediators [3]. This activates the
surrounding tissue and causes other inflammatory cells, like neutrophils and monocytes, to accumulate in
the microvasculature and migrate into the airways [3]. An alternative view is that a factor in blood
activates the intravascular immune system, leading to the infiltration of neutrophils into the lung
capillaries, adhesion and/or trapping within these small vessels, and disruption of the critical
oxygen-exchanging alveolar–capillary unit. In both scenarios, activated neutrophils recruited to the lung
will promote tissue injury by releasing oxidants, proteases, other inflammatory mediators and neutrophil
extracellular traps (NETs) [4]. This robust inflammatory reaction leads to platelet aggregation and
microthrombus formation in the lung vasculature, endothelial and epithelial cell death, loss of barrier
function, and flooding of the interstitial space and alveoli [5]. While ARDS is used as an umbrella term to
denote this inflammatory lung condition, whether this is one disease or multiple diseases is unknown.
Nevertheless, numerous therapies aimed at suppressing or modulating inflammation for the treatment of
ARDS have been investigated clinically, yet have failed to show a mortality benefit [3, 5]. Thus, further
research, particularly human research, is still needed to better understand the complex and heterogeneous
immunological processes involved in the pathophysiology of ARDS.
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ARDS can be triggered by a number of different stimuli and insults; however, pneumonia- and
sepsis-induced ARDS constitute the majority of cases (∼60% and ∼15%, respectively [2]) and are the most
well studied. During an infection, neutrophils can release NETs (web-like structures of DNA and proteins)
to help trap and kill pathogens and prevent dissemination. However, NETs can also induce significant
collateral damage to surrounding tissues and have been shown to directly contribute to lung injury by
inducing epithelial and endothelial cell death [6]. An interesting study by LEFRANÇAIS et al. [7] showed that
a partial reduction of NETs reduced lung injury and improved survival in an animal model of bacterial
acute lung injury, while complete NET inhibition increased lung bacterial load and enhanced
inflammation, suggesting that a balance is needed during infection.

In order for ARDS to resolve, inflammation needs to be shut down so that reparative processes can begin
and the host can recover. As inflammation subsides, barriers are re-established, fluid is reabsorbed, and
cells begin to proliferate [5]. Dead or dying cells, including apoptotic neutrophils, need to be cleared and
this occurs by a process called efferocytosis [8]. NETs deposited during the acute phase also need to be
effectively cleared from the lung. Notably, it is thought that these mechanisms may be impaired in ARDS,
leading to sustained inflammation and tissue injury and, thus, a high mortality rate as the host is unable to
attain homeostasis.

It is the latter subject that was tackled in the study published in the current issue of the European
Respiratory Journal by GRÉGOIRE et al. [9]. They investigated the role and clearance of neutrophils and
NETs in human ARDS and offer new insights into these processes. In this study, blood and
bronchoalveolar lavage (BAL) fluid samples were obtained from ARDS patients admitted to an intensive
care unit in France, of which 88% of the cases were related to bacterial pneumonia and 12% were related
to sepsis. The authors found that the BAL fluid of these ARDS patients had significantly increased
frequencies of neutrophils, inflammatory cytokines and chemokines (i.e. interleukin (IL)-6, IL-8, CCL2
and CXCL10), and NETs (cell-free DNA) compared to the BAL fluid obtained from control patients.
Moreover, the concentrations of plasminogen activator inhibitor (PAI)-1 and high-mobility group box 1
(HMGB1), which have been shown to inhibit neutrophil apoptosis [10] and promote NET release [11],
respectively, in animal models of acute lung injury were also found to be elevated in the BAL fluid of the
ARDS patients. Based on these results, the authors then used several different in vitro assays to further
investigate NET production and clearance, as well as neutrophil apoptosis and efferocytosis.

GRÉGOIRE et al. [9] found that circulating neutrophils isolated from the ARDS patients produced
significantly more NETs when stimulated with phorbol myristate acetate (PMA) compared to neutrophils
obtained from healthy donors. While PMA causes lytic neutrophil NET release (referred to as NETosis)
and has limited biological relevance, much more interesting was the finding that when neutrophils were
exposed to BAL fluid obtained from either control or ARDS patients, only the ARDS BAL fluid stimulated
NET release. This NET release is claimed by the authors to be non-lytic (i.e. vital) NETosis. While it is
difficult, if not impossible, to detect lytic and non-lytic NETosis in humans, if correct this would be the
first discrimination between these two types of NET release mechanisms in human disease.

The authors then examined neutrophil apoptosis and found lower proportions of apoptotic neutrophils in
the circulation among the ARDS patients. Furthermore, they demonstrated that the BAL fluid of ARDS
patients had the capacity to significantly reduce neutrophil apoptosis in culture. Subsequent experiments
demonstrated that the capacity of macrophages to clear NETs and apoptotic neutrophils is also impaired
during ARDS. Thus, this study provides new insights into human ARDS, suggesting that combined local
and systemic effects of reduced neutrophil apoptosis, an increased capacity to release NETs, and decreased
NET clearance and efferocytosis by macrophages contribute to the pathology of this deadly syndrome.
Another clearance mechanism of neutrophils that could be impaired and is not considered by the authors
is the huge number of neutrophils cleared via sputum. For example, apoptotic neutrophils may adhere less
avidly to the epithelium allowing for greater clearance via sputum and, if so, reduced neutrophil apoptosis
in ARDS could additionally affect this process. While often less studied than the more sexy molecular
death pathways, mechanical airway clearance of neutrophils may be the dominant exit for neutrophils
from lungs.

It is interesting to speculate why neutrophils migrate to the lung to induce ARDS even in situations where
the injury is at arm’s length from this organ. For example, major fractures, ischaemia/reperfusion of the
gut or limb, and pancreatitis can all lead to subsequent ARDS and this begs the question “Why?” Recent
work in a model of sterile liver injury revealed that neutrophils help heal the liver then re-enter the
vasculature and go to the lung, where they are somehow told to upregulate specific receptors, including
CXCR4, causing them to home back to the bone marrow to die [12]. Whether during large injuries the
same thing is intended to happen and simply fails, and is overwhelmed due to the huge influx of
neutrophils into the pulmonary circulation, remains to be seen.
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In a final set of experiments, GRÉGOIRE et al. [9] evaluated possible therapeutic targets to increase NET
clearance and efferocytosis by the ARDS patients’ monocyte-derived macrophages. They found that
neutralising HMGB1 increased the clearance of apoptotic neutrophils, yet had no effect on NET uptake.
Notably, however, the authors found that AMP-activated protein kinase (AMPK) activity was significantly
reduced in the ARDS macrophages and that treatment with an AMPK activator, metformin, restored their
phagocytic capacity to uptake both apoptotic neutrophils and NETs. AMPK is a central regulator of
cellular metabolism and its activity has been shown to increase in neutrophils and macrophages during
phagocytosis [13]. Thus, it is intriguing that this signalling pathway is defective during ARDS. Moreover,
metformin is a widely used, clinically approved drug and these results from GRÉGOIRE et al. [9] therefore
provide a compelling rationale for further investigation into its use in ARDS.

ARDS is a destructive lung syndrome with severe systemic effects. Patients who develop ARDS have a high
risk of death and even those who survive are likely to suffer lifelong effects. Research into new treatment
strategies for ARDS is complicated by the fact that this syndrome can be triggered by a number of
different insults and that the timing of when ARDS develops after the initial insult can vary widely
between patients. Moreover, clinical recognition of ARDS, particularly of less severe forms, is difficult and
this probably contributes to high mortality rates even for mild ARDS [2]. It has long been known that
ARDS is an inflammatory lung condition, yet research into the immunological processes that cause this
syndrome is still ongoing. Animal models cannot fully recapitulate the human condition; thus,
bench-to-bedside and bedside-back-to-bench approaches will be important for developing effective
treatment strategies for ARDS. The current study by GRÉGOIRE et al. [9] provides some intriguing new
insights into human ARDS, including a potential therapeutic target that could help in the resolution of
inflammation. ARDS is a complex syndrome and further research into the mechanisms involved and new
therapeutics is needed to improve its prevention and treatment.
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