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a b s t r a c t

Acute respiratory distress syndrome (ARDS) is a multifactorial life-threatening lung injury,

characterized by diffuse lung inflammation and increased alveolocapillary barrier perme-

ability. The different stages of ARDS have distinctive biochemical and clinical profiles.

Despite the progress of our understanding on ARDS pathobiology, the mechanisms un-

derlying its pathogenesis are still obscure. Herein, we review the existing literature about

the implications of phospholipases 2 (PLA2s), a large family of enzymes that catalyze the

hydrolysis of fatty acids at the sn-2 position of glycerophospholipids, in ARDS-related pa-

thology. We emphasize on the versatile way of participation of different PLA2s isoforms in

the distinct ARDS subgroup phenotypes by either potentiating lung inflammation and

damage or by preserving the normal lung. Current research supports that PLA2s are asso-

ciated with the progression and the outcome of ARDS. We herein discuss the transcellular

communication of PLA2s through secreted extracellular vesicles and suggest it as a new

mechanism of PLA2s involvement in ARDS. Thus, the elucidation of the spatiotemporal

features of PLA2s expression may give new insights and provide valuable information about

the risk of an individual to develop ARDS or advance to more severe stages, and potentially

identify PLA2 isoforms as biomarkers and target for pharmacological intervention.
producing free fatty acids and lyso-phospholipids [1]. Phos-
Phospholipases A2 (PLA2s) compose a superfamily of enzymes

hydrolyzing, through surface-activated catalysis, esterified

fatty acids from the sn-2 position of glycerophospholipids
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pholipolysis is also required for the established bactericidal

activity of certain PLA2members and host defense activity [2].

Recently, PLA2 activity has even gained attention as a key

player in Covid-19 pathogenesis [3]. Furthermore, experi-

mental data indicate that certain functions of PLA2s are
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mediated independently of their catalytic activity by interac-

tion/binding with membrane receptors [4,5].

Their classification depends on topology, size, amino acid

sequencehomology,Ca2þandsubstraterequirements [6].Arough

classification of PLA2s expressed in lung is presented below:

Cytosolic PLA2s (cPLA2, PLA2G4)

This group includes a family of soluble cytoplasmic proteins

showingmМCa2þ requirementandpreference forarachidonate

[7]. They are expressed in human lung macrophages and con-

tributes to monocyte migration to sites of inflammation in a

variety of pathophysiological conditions [8]. cPLA2s are post-

transcriptionally regulated, whereas its biological function is

post-translationally controlled by phosphorylation and Ca2þ-
dependent translocation to perinuclear compartments [9].
Calcium-independent PLA2s (iPLA2s, PLA2G6)

This Ca2þ-independent group participates in membrane

remodelling and arachidonic acid generation. iPLA2 isoforms

show distinct cellular localization exerting key roles in

apoptosis during ER stress [10], regulate sPLA2IIA induction

[11] and the speed and directionality of human mono-

cytes(MC) during chemotaxis towards inflamed areas [12].
Lysosomal PLA2s (aiPLA2 and LPLA2, PLA2G15)

The acidic, Ca2þ-independent aiPLA2 (called peroxyredoxin-6,

prdx6) has an additional glutathione-peroxidase activity. It is

expressed by alveolar macrophages(AM) and airway epithe-

lium, identified in lamellar bodies, cytosol and extracellular

fluids. Bronchoalveolar fluid (BALF)-iaPLA2 levels are signifi-

cantly higher in acute respiratory distress syndrome (ARDS)

patients compared to control patients [13]. The othermember,

LPLA2, possessing also transacylase activities, is highly

expressed in AM and in the lung tissue overall, regulating lung

surfactant(LS) degradation [14,15].
Secretory PLA2s (sPLA2s, gene name varies depending on
the group)

They are small molecular weight, Ca2þ-dependent proteins,

encompassing 11 isoforms. This category has attracted

translational research interest due to their multiple roles in

lung host defense [16], especially in antimicrobial and anti-

coagulation activities [17,18], tissue injury [19], eicosanoid

generation [20], inflammation [21,22] and cell adhesion [23].

Post translational modifications might regulate the sPLA2IIA

shuttling and compartmentalization [24,25]. In recent years,

there is an increasing interest on sPLA2IIA as a regulator of

various cell functions.

Finally, PAF-Acetyl Hydrolase (PAF-AH, PLA2G7) show

preference for glycerophospholipids containing short or

oxidatively truncated acyl-chains. Its beneficial effect in

sepsis is disputed by the fact that injection of PAF-AH did not

bring the expected results, possibly due to the toxicity of

liberated products [26].
Certain sPLA2 members have been characterized as bio-

markers in lung diseases, ensuing consideration as pharma-

cological targets. However, in most cases, the term biomarker

is used mainly because of their high abundance in inflam-

matory diseases, rather than that they follow the re-

quirements of systematic validation procedures [27].

Concerning PLA2s, meta-analysis of original published data

regarding biomarkers in lung fluid for ARDS of different eti-

ologies, included PAF-AH as a biomarker [28]. In another

study, sPLA2IIA was characterized as a biomarker for sepsis

[29] and early diagnosis of bacteremia [30]. Apart from secre-

tory, other PLA2 groups are present in inflamed areas,

potentially demonstrating an emerging interplay between

different PLA2 groups [31]. Considering functional relation-

ships, interactions of PLA2s with newly identified agents of

the immune response, like neutrophil extracellular traps

should be considered.

In this review, we will focus on PLA2 isoenzymes associ-

ated with lung pathology or are characterized as biomarkers.

Moreover, we will provide additional information regarding

interplay, synergies, temporal fluctuation, topology and

shuttling through extracellular vesicles. Finally, we will

emplace sPLA2s in the frame of distinct phenotypes of ARDS

subgroups.
The diversal complexity of the inflammatory
response in ARDS

ARDS is a multifactorial syndrome associated with high

morbidity and mortality rates, which are reflected in hetero-

geneous phenotypes. It is characterized by acute onset and

dispersed inflammation, accompanied by increased alveolo-

capillary barrier permeability, presented inmild, moderate, or

severe forms [32]. It is known that LS deficiency is associated

with ARDS pathogenesis [33,34]. LS is a tensioactive material,

of specific phospholipid-protein composition, spread over the

liquid film covering the alveolar epithelium. It equilibrates the

pressure in the alveoli, prevents the formation of alveolar

oedema and consequently, protects alveoli from collapsing.

Primary LS deficiency is encountered in preterm neonates,

while in adults, LS can be destroyed secondarily, by direct or

indirect insults. Surfactant replacement therapy is one of the

first line of treatments in respiratory distress syndrome orig-

inating from primary LS deficiency. However, the effective-

ness of this treatment is hindered in individuals with

secondary LS deficiency possibly by its degradation into the

lung by PLAs expressed in the pulmonary system. Indeed,

experimental evidence in pediatric RDS revealed that all the

sPLA2 isoforms tested, sPLA2IIA predominating, were signifi-

cantly higher in the alveolar fluid of neonates with various

subtypes of RDS as compared to controls [35], prolonging the

duration of mechanical ventilation and morbidity of the

subjects.

Various PLA2 types including sPLA2 members such as

sPLA2IIA, sPLA2IID, sPLA2IB, and sPLA2V [36e38] have been

identified in chronic and acute lung diseases [39,40]. Up-to-

date knowledge has implicated PLA2s in the modulation of

immune status in the lung through twodifferentmechanisms:
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A) Through their catalytic activity: They can hydrolyze bacte-

rial membranes [16,41] lung cell membranes and LS as well.

The produced arachidonic acid can be metabolized into ei-

cosanoids mainly by lipoxygenases, cyclo-oxygenases and

cytochromes P450, and has been extensively studied in the

context of lung inflammation [42]. The specific catalytic action

of PLA2s highlights its involvement in inflammation and in-

dicates PLA2s as immune response modifiers through the

initiation of eicosanoid signaling pathway. In addition,

lysoPAF-acetyltransferases or transacetylases can catalyze

PAF production [43,44]. These molecules can elicit inflamma-

tory reactions and allergic responses in the lung such as

increased leukocyte adhesion, chemotaxis, respiratory burst,

and increased vascular permeability, leading to lung dysfunc-

tion andadverse clinical outcomes, both in adults and children

andeventually toARDS.Theresultingbioactive lipidmediators

exert their biological action in second-wave responses. B)

Through the concomitant production of the tensioactive lyso-

phospholipids, leading inevitably to disruption of alveolar

physicochemical homeostasis. In fact, lyso-

phosphatidylcholine (Lyso-PC) levels are increased in BALF,

especially from patients with late ARDS. Lyso-PC levels could

potentially be used as a marker for the late phase of the syn-

drome, distinguishing between the different phases of ARDS.

Lyso-phosphatidylcholine levels are increased in BALF, espe-

cially from patients with late ARDS [45]. Recent review on

sepsis [46] refers that serum LPC concentrations may have

utility in predicting sepsis severity. In human patients with

sepsis, serum and plasma LPC concentrations increase over-

time in survivors but not in nonsurvivors, while persistently

lower plasma LPC levels associate with 28- and 90-day mor-

tality [47]. However, Lyso-PC levels are tightly regulated not

only by PLA2 activity but also by several other isoenzymes of

lysophosphatidylcholine acyl-transferase (LPCAT) which are

responsible for the reacylationof LPC.Alternatively, LPCcanbe

further hydrolyzed by phospholipase D to produce lysophos-

phatidic acid (LPA).More studies areneeded in order to support

the above hypothesis.

PLA2s in phenotypes of ARDS subtypes

Several systematic scientific reviews and meta-analysis data

depict our current knowledge on biomarkers in ARDS phe-

notypes [48e50] [Fig. 1]. Data concerning PLA2 isoforms are

presented below:

Mechanical ventilation

Critically ill patients usually need mechanical ventilation to

confront severe hypoxemia and impairment in lung me-

chanics. This manipulation can cause lung injury due to shear

stress that activates the extracellular cell matrix/integrin/

cytoskeleton pathway [51]. Recent studies showed that

sPLA2IIA specifically binds to integrins [52]. Patients with

ventilator-associated lung injury express increased PAH-AH

levels in BALF compared to controls [53,54]. In the lung

epithelial cell line A549 even mild stretch can activate post-

translational phosphorylation of cPLA2 through the MEK/ERK

and PI3K pathways ending up to dipalmitoyl-glycero-

phosphatidylcholine synthesis [55,56]. The association of
sPLA2V with acute lung injury was shown in vitro and in vivo in

mice ventilated with high tidal volumes [57]. Other studies

provided evidence that the LPS-induced sPLA2V is considered

responsible for the alveolar-capillary barrier deterioration [58].

Direct vs indirect ARDS

ARDS can be generated either directly, from local insults,

including bacterial or viral pneumonia, inhalation of harmful

substances such as smoke, acid aspiration, mechanical

ventilation, near drowning, lung contusion, or indirectly, as a

result of acute systemic inflammatory response, usually due

to sepsis [59]. In direct ARDS the severe injury is expressed

primarily in the alveolar epithelium and less in endothelium,

whereas in indirect ARDS, endothelial injury prevails [60].

Differentiation of direct from indirect ARDS based on PLA2s

expression is quite limited. Considering PAF-AH, studies

showed that it was higher in patients with direct compared to

indirect ARDS [61], and more prominent in BALF than in

plasma, a fact that is consistent with PAF-AH levels in BALF

from patients with fat embolism syndrome [62] and in

parenteral nutrition using medium and long chain tri-

glycerides in early direct ARDS patients [63]. The positive

correlation of sPLA2IIA and cPLA2 with the severity of lung

injury has been known for several years [64]. In sheep animal

models, smoke inhalation caused an increase in cPLA2 [65].

Animal studies showed that cPLA2 participates in LPS-

induced lung injury, rendering this isoform an appropriate

target for pharmacological interventions [66]. The combina-

tion of CD64 and sPLA2IIA has been proposed as an early

biomarker for distinguishing sepsis from bacterial infections

in ARDS [67]. Furthermore, studies in ischemia-reperfusion

animal models showed increased PLA2 activities in BALF.

Interestingly, intestinal ischemic preconditioning used to

improve intestinal tolerance to subsequent sustained

ischemia, reduced PLA2 levels and ameliorated the accom-

panying markers characteristic for lung injury [68]. The as-

sociation of oxidative stress-induced lung injury with lung

tissue-PLA2 activity, measured as a marker of inflammation,

is supported by animal studies showing that infusion of the

iron chelator desferrioxamine, results in alleviated oxidative

stress with a concomitant decrease in PLA2 expression [69].

The synergistic effect between different members of PLAs has

also gained attention [11].

Phases of ARDS

In the acute exudative phase of ARDS, or early phase, non-

cardiogenic pulmonary edema is accumulated, while defense

cells are recruited in the alveoli from the circulation. After 7e14

days a proliferative phase follows, in which repairment pro-

cedures and fibroblasts proliferation occurs. Finally, a fibrotic

phase can ensue. Studies suggest that fibrosing mechanisms

start from the early phase of ARDS and influences the patients'
outcome [70]. Late ARDS is frequently associated with multiple

systems injury [71]. Despite the different pathophysiological

background between the two phases, the mortality rates are

not significantly different [72]. At the early phase, a significant

increase in biomarkers of epithelial and endothelial injuries,

pro- and anti-inflammatory agents, and markers of
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Fig. 1 Phospholipases A2 in ARDS. Normal alveolus (Panel A).

In the normal alveoli the epithelium is intact. Alveolar Type I

cells permit gas exchange, while Alveolar Type II cells

produce lung surfactant. Resident alveolar macrophages

under normal conditions express protein levels of cPLA2-IVA

and aiPLA2 but not sPLA2IIA. EVs contain sPLA2IIA mRNA

but not sPLA2IIA as a functional protein. Alveolus in early

b i om e d i c a l j o u r n a l 4 4 ( 2 0 2 1 ) 6 6 3e6 7 0666
coagulation/fibrinolysis are under investigation [28,44,45,73,74].

Analysis of BALF from patients with ARDS demonstrated an

increase in total PLA2 activity in the differential centrifugation

subfractions containing inactivated surfactant vesicles and

small-dense EVs. Most of this activity was Ca2þ-dependent, as
in plasma [75]. sPLA2IIA circulating levels, one of the major

components involved in innate host defense against bacteria,

increase significantly during infection or inflammation [76,77].

AM play a central role in innate immunity and are the first line

of defense against inhaled pathogens. Studies from Touqui's
lab in animals, documented that AMs are themajor pulmonary

source of sPLA2-IIA IIA in acute lung injury [78,79]. A potential

involvement of PLA2s to the inflammatory response can be

inferred by the fact that sPLA2IIA acts as an acute phase protein

induced by a variety of pro-inflammatory cytokines and LPS

through the NF-kB pathway [78,80]. The suppression of LPS-

induced sPLA2IIA expression in various cell types treated with

dexamethasone, or the antibiotic azithromycin, supports the

idea of sPLA2IIA utilization as a biomarker [81,82].

Immunoparalysis

Immunoparalysis is a common complication in septic

severely ill patients characterized by downregulated innate

and adaptive immune responses and is accompanied by

decreased pro-inflammatory cytokines release from defense

cells, significant apoptosis rates and increased mortality rates

[83]. Immunoparalysis is defined as the reduced (<30%) HLA-

DR expression in MC. A fine-tuning between pro- and anti-

inflammatory factors in ARDS is of utmost importance.

Therefore, standard therapeutic strategies targeting to reduce

the excessive inflammatory response in ARDS may not be

appropriate, since their unbalanced administration can lead

to secondary opportunistic infections. Primary cultures of

BALF cells from ARDS-immunoparalysed patients showed

attenuation in BALF-PLA2, but treatment with Interferon-g, a

macrophage primer, restored the HLA-DR expression in BALF

macrophages within 3 days after the treatment initiation,

followed by increased PAF-AH activity [84].
phase of ARDS (Panel B). Alveolar-capillary damage leads in

alveoli flooding with a proteinaceous liquid (blue color).

Activated alveolar macrophages and recruited monocytes

and neutrophils (NP) from the circulation secrete sPLA2IIA

and extracellular traps which participate in the clearance of

microbial intruders. At the same time, sPLA2IIA can

deteriorate lung surfactant. Lyso-PC, PAF and eicosanoids

production is an on-going process at this stage of ARDS.

sPLA2V and sPLA2IIA are linked with epithelial and

endothelial damage. EVs1 containing sPLA2IIA at both

mRNA and protein levels, as well as pcPLA2 are secreted into

the extracellular space. EVs containing sPLA2IIA mediate

transcellular communication locally or in distal locations.

Alveolus in late phase of ARDS (Panel C). A proliferative phase

follows the early phase of ARDS during which repairment

procedures and proliferation of fibroblasts is taking place.

Finally, a fibrotic phase may ensue contributing to chronic

inflammation. Lyso-PC levels are yet detectable at this

phase. EVs contain sPLA2IIA mRNA but not sPLA2IIA as a

functional protein.
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PLAs in extracellular vesicles (EVs)

Small (30e150 nm) and dense EVs of endosomal origin are

engaged in intercellular communication delivering proteins,

bioactive lipids, RNAs, miRNAs and transcription factors to

recipient cells, constitutively or after induction [85,86] and

have attracted scientific interest as biomarkers platforms for

ARDS [87,88]. It has been demonstrated in BRL cells that

various PLA2 groups are associated with EVs, each one having

distinct contribution on EVs formation, loading with bioactive

lipidmetabolites and release [89,90]. The inhibition of secreted

sPLA2IIA from rat cells by brefeldin A, an inhibitor of the

protein trafficking, suggests its association with EVs [91]. An

interesting study by Papadopoulos et al. provided evidence

that sPLA2IIA is a cargo of BALF-EVs in ARDS patients. More

specifically, data showed that while sPLA2IIA mRNA was

detected in exosomal type EVs from BALF, independently of

the presence of ARDS, the functional protein was detectable

only in vesicles of early ARDS. These findings provide a rela-

tionship between sPLA2IIA and the evolution of ARDS through

a novel mechanism involving exosomes and specific time

window in ARDS [92]. Thus, EV-derived sPLA2IIA from BALF

can serve not only as a marker of early-phase ARDS, but also

as a tracer of spatiotemporal events characterizing the prop-

agation and exacerbation of the syndrome.
Conclusions

The increased expression of PLA2s in ARDS and their response

to pharmacological treatments strongly support that they can

serve as biomarkers. However, dedicated clinical studies are

required for the establishment of a proof of concept. Overall,

we suggest that spatiotemporal features of PLA2s expression,

their shuttling to distal locations in conjunction with their

interactionwith sets of functional (extra)cellular components,

in a context of network biology, could give new insights into

the monitoring mechanisms of propagation and dissemina-

tion of ARDS and new drug discovery.
Conflicts of interest

The authors declare no conflict of interest.

Acknowledgments

This work was not supported by any funder or grant.
r e f e r e n c e s

[1] Jain MK, Rogers J, Berg O, Gelb MH. Interfacial catalysis by
phospholipase A2: activation by substrate replenishment.
Biochemistry 1991;30:7340e8.

[2] Birts CN, Barton CH, Wilton DC. Catalytic and non-catalytic
functions of human IIA phospholipase A2. Trends Biochem
Sci 2010;35:28e35.
[3] Barberis E, Timo S, Amede E, Vanella VV, Puricelli C,
Cappellano G, et al. Large-scale plasma analysis revealed
new mechanisms and molecules associated with the host
response to SARS-CoV-2. Int J Mol Sci 2020;21:8623.

[4] Hanasaki Κ, Arita Н. Characterization of a high affinity
binding site for pancreatic-type phospholipase A2 in the rat.
Its cellular and tissue distribution. J Biol Chem
1992;267:6414e20.

[5] Valentin E, Lambeau G. Increasing molecular diversity of
secreted phospholipases A2 and their receptors and binding
proteins. Biochim Biophys Acta 2000;1488:59e70.

[6] Schaloske RH, Dennis EA. The phospholipase A2 superfamily
and its group numbering system. Biochim Biophys Acta
2006;1761:1246e59.

[7] Hirabayashi T, Murayama T, Shimizu T. Regulatory
mechanism and physiological role of cytosolic
phospholipase A2. Biol Pharm Bull 2004;27:1168e73.

[8] Ohto T, Uozumi N, Hirabayashi T, Shimizu T. Identification
of novel cytosolic phospholipase A2s, murine cPLA2d, ε, and
z, which form a gene cluster with cPLA2b. J Biol Chem
2005;280:24576e83.

[9] Tay A, Maxwell P, Li ZG, Goldberg H, Skorecki K. Cytosolic
phospholipase A2 gene expression in rat mesangial cells is
regulated posttranscriptionally. Biochem J 1994;304:417e22.

[10] Lei X, Zhang S, Bohrer A, Ramanadham S. Calcium-
independent phospholipase A2 (iPLA2 beta)-mediated
ceramide generation plays a key role in the cross-talk
between the endoplasmic reticulum (ER) and mitochondria
during ER stress-induced insulin-secreting cell apoptosis. J
Biol Chem 2008;283:34819e32.

[11] Kuwata H, Fujimoto C, Yoda E, Shimbara S, Nakatani Y,
Hara S, et al. A novel role of group VIB calcium-independent
phospholipase A2 (iPLA2gamma) in the inducible expression
of group IIA secretory PLA2 in rat fibroblastic cells. J Biol
Chem 2007;282:20124e32.

[12] Mishra RS, Carnevale KA, Cathcart MK. iPLA2beta: front and
center in human monocyte chemotaxis to MCP-1. J Exp Med
2008;205:347e59.

[13] Yang D, Wang X, Liu J, Bao C, Song Y. Increased
bronchoalveolar lavage fluid peroxiredoxin 6 levels in acute
respiratory distress syndrome. Eur Respir J 2018;52:PA2302.

[14] Abe A, Hiraoka M, Wild S, Wilcoxen SE, Paine R 3rd,
Shayman JA. Lysosomal phospholipase A2 is selectively
expressed in alveolar macrophages. J Biol Chem
2004;279:42605e11.

[15] Fisher AB, Dodia C, Feinstein SI, Ho YS. Altered lung
phospholipid metabolism in mice with targeted deletion of
lysosomal-type phospholipase A2. J Lipid Res
2005;46:1248e56.

[16] Kim RR, Chen Z, Mann TJ, Bastard K, Scott F, Church WB.
Structural and functional aspects of targeting the secreted
human group IIA phospholipase A2. Molecules
2020;25:4459.

[17] van Hensbergen VP, Wu Y, van Sorge NM, Touqui L. Type IIA
secreted phospholipase A2 in host defense against bacterial
infections. Trends Immunol 2020;41:313e26.

[18] Yokoyama K, Kudo I, Inoue K. Phospholipid degradation in
rat calcium ionophore-activated platelets is catalyzed
mainly by two discrete secretory phospholipase as. J
Biochem 1995;117:1280e7.

[19] Malis CD, Weber PC, Leaf A, Bonventre JV. Incorporation of
marine lipid into mitochondrial membranes increases
susceptibility to damage by calcium and reactive oxygen
species: evidence for enhanced activation of phospholipase
A2 in mitochondria enriched with n-3 fatty acids. Proc Natl
Acad Sci USA 1990;87:8845e9.

[20] Ellies LG, Heersch JN, Vadas P, Pruzanski W, Stefanski E,
Aubin JE. Interleukin-1 alpha stimulates the release of

http://refhub.elsevier.com/S2319-4170(21)00105-0/sref1
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref1
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref1
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref1
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref2
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref2
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref2
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref2
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref3
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref3
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref3
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref3
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref4
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref4
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref4
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref4
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref4
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref4
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref5
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref5
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref5
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref5
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref6
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref6
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref6
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref6
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref7
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref7
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref7
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref7
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref8
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref8
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref8
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref8
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref8
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref8
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref9
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref9
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref9
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref9
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref10
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref10
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref10
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref10
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref10
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref10
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref10
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref11
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref11
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref11
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref11
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref11
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref11
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref12
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref12
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref12
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref12
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref13
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref13
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref13
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref14
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref14
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref14
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref14
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref14
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref15
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref15
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref15
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref15
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref15
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref16
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref16
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref16
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref16
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref17
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref17
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref17
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref17
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref18
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref18
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref18
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref18
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref18
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref19
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref19
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref19
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref19
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref19
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref19
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref19
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref20
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref20
https://doi.org/10.1016/j.bj.2021.08.005
https://doi.org/10.1016/j.bj.2021.08.005


b i om e d i c a l j o u r n a l 4 4 ( 2 0 2 1 ) 6 6 3e6 7 0668
prostaglandin E2 and phospholipase A2 from fetal rat
calvarial cells in vitro: relationship to bone nodule
formation. J Bone Miner Res 1991;6:843e50.

[21] Sato H, Taketomi Y, Murakami M. Metabolic regulation by
secreted phospholipase A2. Inflamm Regen 2016;36:7.

[22] Dennis EA. Diversity of group types, regulation, and function
of phospholipase A2. J Biol Chem 1994;269:13057e60.

[23] Yokote K, Morisaki N, Zenibayashi M, Ueda S, Kanzaki T,
Saito Y, et al. The phospholipase A2 reaction leads to
increased monocyte adhesion of endothelial cells via the
expression of adhesion molecules. Eur J Biochem
1993;217:723e9.

[24] Exeter HJ, Folkersen L, Palmen J, Franco-Cereceda A,
Cooper JA, Kalea AZ, et al. Functional analysis of two
PLA2G2A variants associated with secretory phospholipase
A2-IIA levels. PloS One 2012;7:e41139.

[25] Menschikowski M, Hagelgans A, Gussakovsky E, Kostka H,
Paley EL, Siegert G. Differential expression of secretory
phospholipases A2 in normal and malignant prostate cell
lines: regulation by cytokines, cell signaling pathways, and
epigenetic mechanisms. Neoplasia 2008;10:279e86.

[26] Opal S, Laterre PF, Abraham E, Francois B, Wittebole X,
Lowry S, et al. Recombinant human platelet-activating
factor acetylhydrolase for treatment of severe sepsis:
results of a phase III, multicenter, randomized, double-
blind, placebo-controlled, clinical trial. Crit Care Med
2004;32:332e41.

[27] Lassere MN, Johnson KR, Boers M, Tugwell P, Brooks P,
Simon L, et al. Definitions and validation criteria for
biomarkers and surrogate endpoints: development and
testing of a quantitative hierarchical levels of evidence
schema. J Rheumatol 2007;34:607e15.

[28] Wang Y,Wang H, Zhang C, Zhang C, Yang H, Gao R, et al. Lung
fluid biomarkers for acute respiratory distress syndrome: a
systematic review and meta-analysis. Crit Care 2019;23:43.

[29] Pierrakos C, Vincent JL. Sepsis biomarkers: a review. Crit
Care 2010;14:R15.

[30] Rintala EM, Aittoniemi J, Laine S, Nevalainen TJ,
Nikoskelainen J. Early identification of bacteremia by
biochemical markers of systemic inflammation. Scand J Clin
Lab Invest 2001;61:523e30.

[31] Murakami M, Shimbara S, Kambe T, Kuwata H,
Winstead MV, Tischfield JA, et al. The functions of five
distinct mammalian phospholipase A2s in regulating
arachidonic acid release. Type IIA and type V secretory
phospholipase A2s are functionally redundant and act in
concert with cytosolic phospholipase A2. J Biol Chem
1998;273:14411e23.

[32] ARDS Definition Task Force, Ranieri VM, Rubenfeld GD,
Thompson BT, Ferguson ND, Caldwell E, Fan E, et al. Acute
respiratory distress syndrome: the berlin definition. JAMA
2012;307:2526e33.

[33] Hallman M, Spragg R, Harrell JH, Moser KM, Gluck L. Evidence
of lung surfactant abnormality in respiratory failure. Study
of bronchoalveolar lavage phospholipids, surface activity,
phospholipase activity, and plasma myoinositol. J Clin Invest
1982;70:673e83.

[34] Touqui L, Arbibe L. A role for phospholipase A2 in ARDS
pathogenesis. Mol Med Today 1999;5:244e9.

[35] De Luca D, Lopez-Rodriguez E, Minucci A, Vendittelli F,
Gentile L, Stival E, et al. Clinical and biological role of
secretory phospholipase A2 in acute respiratory distress
syndrome infants. Crit Care 2013;17:R163.

[36] De Luca D, Shankar-Aguilera S, Autilio C, Raschetti R,
Vedovelli L, Fitting C, et al. Surfactant-secreted
phospholipase A2 interplay and respiratory outcome in
preterm neonates. Am J Physiol Lung Cell Mol Physiol
2020;1:L95e104.
[37] Hamaguchi K, Kuwata H, Yoshihara K, Masuda S,
Shimbara S, Oh-ishi S, et al. Induction of distinct sets of
secretory phospholipase A(2) in rodents during
inflammation. Biochim Biophys Acta 2003;1:37e47.

[38] Samuchiwal SK, Balestrieri B. Harmful and protective roles of
group V phospholipase A(2): current perspectives and future
directions. Biochim Biophys Acta Mol Cell Biol Lipids
2010;6:819e26.

[39] Bowton DL, Seeds MC, Fasano MB, Goldsmith B, Bass DA.
Phospholipase A2 and arachidonate increase in
bronchoalveolar lavage fluid after inhaled antigen
challenge in asthmatics. Am J Respir Crit Care Med
1997;155:421e5.

[40] Kitsiouli E, Nakos G, Lekka ME. Phospholipase A2 subclasses
in acute respiratory distress syndrome. Biochim Biophys
Acta 2009;1792:941e53.

[41] Hurley BP, McCormick BA. Multiple roles of phospholipase
A2 during lung infection and inflammation. Infect Immun
2008;76:2259e72.

[42] Yang HH, Duan JX, Liu SK, Xiong JB, Guan XX, ZhongWJ, et al.
A COX-2/sEH dual inhibitor PTUPB alleviates
lipopolysaccharide-induced acute lung injury in mice by
inhibiting NLRP3 inflammasome activation. Theranostics
2020;10:4749e61.

[43] Tarui M, Shindou H, Kumagai K, Morimoto R, Harayama T,
Hashidate T, et al. Selective inhibitors of a PAF biosynthetic
enzyme lysophosphatidylcholine acyltransferase 2. J Lipid
Res 2014;55:1386e96.

[44] Servillo L, Balestrieri C, Giovane A, Pari P, Palma D,
Giannattasio G, et al. Lysophospholipid transacetylase in the
regulation of PAF levels in human monocytes and
macrophages. Faseb J 2006;20:1015e7.

[45] Nakos G, Kitsiouli EI, Tsangaris I, Lekka ME. Bronchoalveolar
lavage fluid characteristics of early intermediate and late
phases of ARDS. Alterations in leukocytes, proteins, PAF and
surfactant components. Intensive Care Med
1998;24:296e303.

[46] Amunugama K, Pike DP, Ford DA. The lipid biology of sepsis.
J Lipid Res 2021;62:100090.

[47] Ferrario M, Cambiaghi A, Brunelli L, Giordano S, Caironi P,
Guatteri L, et al. Mortality prediction in patients with severe
septic shock: a pilot study using a target metabolomics
approach. Sci Rep 2016;6:20391.

[48] Matthay MA, Zemans RL, Zimmerman GA, Arabi YM,
Beitler JR, Mercat A, et al. Acute respiratory distress
syndrome. Nat Rev Dis Primers 2019;5:18.

[49] Spadaro S, Park M, Turrini C, Tunstall T, Thwaites R, Mauri T,
et al. Biomarkers for Acute Respiratory Distress syndrome
and prospects for personalised medicine. J Inflamm (Lond)
2019;16:1.

[50] van der Zee P, Rietdijk W, Somhorst P, Endeman H,
Gommers D. A systematic review of biomarkers
multivariately associated with acute respiratory distress
syndrome development and mortality. Crit Care 2020;24:243.

[51] Uhlig S. Ventilation-induced lung injury and
mechanotransduction: stretching it too far? Am J Physiol
Lung Cell Mol Physiol 2002;282:L892e6.

[52] Takada Y, Fujita M. Secreted Phospholipase A2 Type IIA
(sPLA2-IIA) activates integrins in an allosteric manner. Adv
Exp Med Biol 2017;925:103e15.

[53] Tsangaris I, Lekka ME, Kitsiouli E, Costantopoulos S, Nakos G.
Bronchoalveolar lavage alterations during prolonged
ventilation of patients without acute lung injury. Eur Respir J
2003;21:495e501.

[54] Nakos G, Tsangaris H, Liokatis S, Kitsiouli E, Lekka ME.
Ventilator-associated pneumonia and atelectasis: evaluation
through bronchoalveolar lavage fluid analysis. Intensive
Care Med 2003;29:555e63.

http://refhub.elsevier.com/S2319-4170(21)00105-0/sref20
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref20
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref20
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref20
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref21
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref21
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref22
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref22
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref22
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref23
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref23
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref23
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref23
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref23
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref23
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref24
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref24
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref24
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref24
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref25
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref25
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref25
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref25
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref25
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref25
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref26
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref26
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref26
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref26
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref26
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref26
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref26
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref27
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref27
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref27
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref27
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref27
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref27
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref28
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref28
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref28
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref29
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref29
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref30
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref30
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref30
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref30
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref30
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref31
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref31
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref31
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref31
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref31
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref31
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref31
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref31
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref32
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref32
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref32
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref32
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref32
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref33
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref33
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref33
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref33
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref33
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref33
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref34
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref34
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref34
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref35
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref35
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref35
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref35
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref36
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref36
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref36
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref36
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref36
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref36
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref36
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref37
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref37
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref37
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref37
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref37
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref38
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref38
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref38
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref38
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref38
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref39
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref39
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref39
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref39
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref39
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref39
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref40
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref40
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref40
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref40
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref41
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref41
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref41
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref41
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref42
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref42
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref42
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref42
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref42
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref42
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref43
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref43
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref43
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref43
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref43
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref44
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref44
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref44
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref44
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref44
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref45
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref45
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref45
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref45
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref45
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref45
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref46
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref46
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref47
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref47
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref47
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref47
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref48
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref48
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref48
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref49
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref49
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref49
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref49
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref50
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref50
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref50
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref50
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref51
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref51
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref51
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref51
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref52
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref52
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref52
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref52
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref53
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref53
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref53
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref53
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref53
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref54
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref54
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref54
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref54
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref54
https://doi.org/10.1016/j.bj.2021.08.005
https://doi.org/10.1016/j.bj.2021.08.005


b i om e d i c a l j o u r n a l 4 4 ( 2 0 2 1 ) 6 6 3e6 7 0 669
[55] Letsiou E, Kitsiouli E, Nakos G, Lekka ME. Mild stretch
activates cPLA(2) in alveolar type II epithelial cells
independently through the MEK/ERK and PI3K pathways.
Biochim Biophys Acta 2011;1811:370e6.

[56] Pantazi D, Kitsiouli E, Karkabounas A, Trangas T, Nakos G,
Lekka ME. Dipalmitoyl-phosphatidylcholine biosynthesis is
induced by non-injurious mechanical stretch in a model of
alveolar type II cells. Lipids 2013;48:827e38.

[57] Meliton AY, Mu~noz NM, Meliton LN, Birukova AA, Leff AR,
Birukov KG. Mechanical induction of group V phospholipase
A(2) causes lung inflammation and acute lung injury. Am J
Physiol Lung Cell Mol Physiol 2013;304:L689e700.

[58] Dudek SM, Mu~noz NM, Desai A, Osan CM, Meliton AY,
Leff AR. Group V phospholipase A2 mediates barrier
disruption of human pulmonary endothelial cells caused by
LPS in vitro. Am J Respir Cell Mol Biol 2011;44:361e8.

[59] Shaver CM, Bastarache JA. Clinical and biological
heterogeneity in acute respiratory distress syndrome: direct
versus indirect lung injury. Clin Chest Med 2014;35:639e53.

[60] Calfee CS, Janz DR, Bernard GR, May AK, Kangelaris KN,
Matthay MA, et al. Distinct molecular phenotypes of direct vs
indirect ARDS in single-center and multicenter studies.
Chest 2015;147:1539e48.

[61] Grissom CK, Orme Jr JF, Richer LD, McIntyre TM,
Zimmerman GA, Elstad MR. Platelet-activating factor
acetylhydrolase is increased in lung lavage fluid from
patients with acute respiratory distress syndrome. Crit Care
Med 2003;31:770e5.

[62] Karagiorga G, Nakos G, Galiatsou E, Lekka ME. Biochemical
parameters of bronchoalveolar lavage fluid in fat embolism.
Intensive Care Med 2006;32:116e23.

[63] Lekka ME, Liokatis S, Nathanail C, Galani V, Nakos G. The
impact of intravenous fat emulsion administration in acute
lung injury. Am J Respir Crit Care Med 2004;169:638e44.

[64] Kim DK, Fukuda T, Thompson BT, Cockrill B, Hales C,
Bonventre JV. Bronchoalveolar lavage fluid phospholipase A2
activities are increased in human adult respiratory distress
syndrome. Am J Physiol 1995;269:L109e18.

[65] Fukuda T, Kim DK, Chin MR, Hales CA, Bonventre JV.
Increased group IV cytosolic phospholipase A2 activity in
lungs of sheep after smoke inhalation injury. Am J Physiol
1999;277:L533e42.

[66] Nagase T, Uozumi N, Aoki-Nagase T, Terawaki K, Ishii S,
Tomita T, et al. A potent inhibitor of cytosolic phospholipase
A2, arachidonyl trifluoromethyl ketone, attenuates LPS-
induced lung injury in mice. Am J Physiol Lung Cell Mol
Physiol 2003;284:L720e6.

[67] Tan TL, Ahmad NS, Nasuruddin DN, Ithnin A, Tajul Arifin K,
Zaini IZ, et al. CD64 and group II secretory phospholipase A2
(sPLA2-IIA) as biomarkers for distinguishing adult sepsis and
bacterial infections in the emergency department. PloS One
2016;11:e0152065.

[68] Avgerinos ED, Kostopanagiotou G, Costopanagiotou C,
Kopanakis N, Andreadou I, Lekka M, et al. Intestinal
preconditioning ameliorates ischemia-reperfusion induced
acute lung injury in rats: an experimental study. J Surg Res
2010;160:294e301.

[69] Kostopanagiotou GG, Kalimeris KA, Arkadopoulos NP,
Pafiti A, Panagopoulos D, Smyrniotis V, et al.
Desferrioxamine attenuates minor lung injury following
surgical acute liver failure. Eur Respir J 2009;33:1429e36.

[70] Marshall RP, Bellingan G, Webb S, Puddicombe A,
Goldsack N, McAnulty RJ, et al. Fibroproliferation occurs
early in the acute respiratory distress syndrome and impacts
on outcome. Am J Respir Crit Care Med 2000;162:1783e8.

[71] Croce MA, Fabian TC, Davis KA, Gavin TJ. Early and late acute
respiratory distress syndrome: two distinct clinical entities. J
Trauma 1999;46:361e6.
[72] Vincent JL, Sakr Y, Groeneveld J, Zandstra DF, Hoste E,
Malledant Y, et al. ARDS of early or late onset: does it make a
difference? Chest 2010;137:81e7.

[73] Reilly JP, Bellamy S, Shashaty MG, Gallop R, Meyer NJ,
Lanken PN, et al. Heterogeneous phenotypes of acute
respiratory distress syndrome after major trauma. Ann Am
Thorac Soc 2014;11:728e36.

[74] de Souza Xavier Costa N, Ribeiro Júnior G, Dos Santos
Alemany AA, Belotti L, Zati DH, Frota Cavalcante M, et al.
Early and late pulmonary effects of nebulized LPS in mice: an
acute lung injury model. PloS One 2017;12:e0185474.

[75] Nakos G, Kitsiouli E, Hatzidaki E, Koulouras V, Touqui L,
Lekka ME. Phospholipases A2 and platelet-activating factor
acetylhydrolase in patients with acute respiratory distress
syndrome. Crit Care Med 2005;33:772e9.

[76] Weiss J, Inada M, Elsbach P, Crowl RM. Structural
determinants of the action against Escherichia coli of a
human inflammatory fluid phospholipase A2 in concert
with polymorphonuclear leukocytes. J Biol Chem
1994;42:26331e7.

[77] Laine VJ, Grass DS, Nevalainen TJ. Protection by group II
phospholipase A2 against Staphylococcus aureus. J Immunol
1999;162:7402e8.

[78] Arbibe L, Vial D, Rosinski-Chupin I, Havet N, Huerre M,
Vargaftig BB, et al. Endotoxin induces expression of type II
phospholipase A2 in macrophages during acute lung injury
in Guinea pigs: involvement of TNF-alpha in
lipopolysaccharide-induced type II phospholipase A2
synthesis. J Immunol 1997;159:391e400.

[79] Attalah HL, Wu Y, Alaoui-El-Azher M, Thouron F,
Koumanov K, Wolf C, et al. Induction of type-IIA secretory
phospholipase A2 in animal models of acute lung injury. Eur
Respir J 2003;21:1040e5.

[80] Crowl RM, Stoller TJ, Conroy RR, Stoner CR. Induction of
phospholipase A2 gene expression in human hepatoma cells
by mediators of the acute phase response. J Biol Chem
1991;266:2647e51.

[81] Nakano T, Ohara O, Teraoka H, Arita H. Glucocorticoids
suppress group II phospholipase A2 production by blocking
mRNA synthesis and posttranscriptional expression. J Biol
Chem 1990;265:12745e8.

[82] Kitsiouli E, Antoniou G, Gotzou H, Karagiannopoulos M,
Basagiannis D, Christoforidis S, et al. Effect of azithromycin
on the LPS-induced production and secretion of
phospholipase A2 in lung cells. Biochim Biophys Acta
2015;1852:1288e97.

[83] Galani V, Tsatsaki E, Bai M, Kitsioulis P, Lekka M, Nakos G.
The role of apoptosis in the pathophysiology of Acute
Respiratory Distress Syndrom (ARDS): an up-to-date cell-
specific review. Pathol Res Pract 2010;206:145e50.

[84] Nakos G, Malamou-Mitsi VD, Lachana A, Karassavoglou A,
Kitsiouli E, Agnandi N, et al. Immunoparalysis in patients
with severe trauma and the effect of inhaled interferon-
gamma. Crit Care Med 2002;30:1488e94.

[85] Letsiou E, Sammani S, Zhang W, Zhou T, Quijada H, Moreno-
Vinasco L, et al. Pathologic mechanical stress and endotoxin
exposure increases lung endothelial microparticle shedding.
Am J Respir Cell Mol Biol 2015;52:193e204.

[86] Fujita Y, Kadota T, Araya J, Ochiya T, Kuwano K. Extracellular
vesicles: new players in lung immunity. Am J Respir Cell Mol
Biol 2018;58:560e5.

[87] Mahida RY, Matsumoto S, Matthay MA. Extracellular
vesicles: a new frontier for research in acute respiratory
distress syndrome. Am J Respir Cell Mol Biol 2020;63:15e24.

[88] Zareba L, Szymanski J, Homoncik Z, Czystowska-
Kuzmicz M. EVs from BALF-mediators of inflammation and
potential biomarkers in lung diseases. Int J Mol Sci
2021;22:3651.

http://refhub.elsevier.com/S2319-4170(21)00105-0/sref55
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref55
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref55
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref55
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref55
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref56
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref56
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref56
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref56
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref56
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref57
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref57
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref57
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref57
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref57
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref57
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref58
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref58
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref58
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref58
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref58
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref58
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref59
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref59
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref59
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref59
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref60
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref60
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref60
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref60
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref60
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref61
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref61
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref61
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref61
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref61
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref61
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref62
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref62
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref62
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref62
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref63
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref63
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref63
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref63
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref64
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref64
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref64
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref64
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref64
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref65
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref65
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref65
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref65
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref65
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref66
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref66
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref66
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref66
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref66
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref66
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref67
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref67
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref67
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref67
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref67
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref68
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref68
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref68
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref68
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref68
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref68
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref69
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref69
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref69
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref69
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref69
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref70
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref70
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref70
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref70
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref70
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref71
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref71
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref71
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref71
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref72
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref72
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref72
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref72
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref73
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref73
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref73
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref73
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref73
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref74
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref74
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref74
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref74
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref75
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref75
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref75
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref75
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref75
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref76
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref76
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref76
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref76
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref76
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref76
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref77
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref77
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref77
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref77
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref78
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref78
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref78
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref78
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref78
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref78
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref78
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref79
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref79
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref79
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref79
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref79
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref80
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref80
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref80
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref80
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref80
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref81
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref81
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref81
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref81
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref81
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref82
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref82
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref82
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref82
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref82
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref82
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref83
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref83
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref83
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref83
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref83
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref84
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref84
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref84
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref84
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref84
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref85
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref85
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref85
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref85
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref85
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref86
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref86
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref86
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref86
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref87
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref87
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref87
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref87
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref88
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref88
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref88
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref88
https://doi.org/10.1016/j.bj.2021.08.005
https://doi.org/10.1016/j.bj.2021.08.005


b i om e d i c a l j o u r n a l 4 4 ( 2 0 2 1 ) 6 6 3e6 7 0670
[89] Egea-Jimenez AL, Zimmermann P. Phospholipase D and
phosphatidic acid in the biogenesis and cargo loading of
extracellular vesicles. J Lipid Res 2018;59:1554e60.

[90] Subra C, Grand D, Laulagnier K, Stella A, Lambeau G,
Paillasse M, et al. Exosomes account for vesicle-mediated
transcellular transport of activatable phospholipases and
prostaglandins. J Lipid Res 2010;51:2105e20.

[91] Sanchez RM, Vervoordeldonk MJBM, Schalkwijk CG, van den
Bosch H. Prevention of the induced synthesis and secretion
of group II phospholipase A2 by brefeldin A. FEBS Lett
1993;332:99e104.

[92] Papadopoulos S, Kazepidou E, Antonelou MH, Leondaritis G,
Tsapinou A, Koulouras VP, et al. Secretory phospholipase A2-
IIA protein and mRNA pools in extracellular vesicles of
bronchoalveolar lavage fluid from patients with early acute
respiratory distress syndrome: a new perception in the
dissemination of inflammation? Pharmaceuticals
2020;13:415.

http://refhub.elsevier.com/S2319-4170(21)00105-0/sref89
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref89
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref89
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref89
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref90
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref90
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref90
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref90
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref90
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref91
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref91
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref91
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref91
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref91
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref92
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref92
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref92
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref92
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref92
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref92
http://refhub.elsevier.com/S2319-4170(21)00105-0/sref92
https://doi.org/10.1016/j.bj.2021.08.005
https://doi.org/10.1016/j.bj.2021.08.005

	Phospholipases A2 as biomarkers in acute respiratory distress syndrome
	1
	Cytosolic PLA2s (cPLA2, PLA2G4)
	Calcium-independent PLA2s (iPLA2s, PLA2G6)
	Lysosomal PLA2s (aiPLA2 and LPLA2, PLA2G15)
	Secretory PLA2s (sPLA2s, gene name varies depending on the group)

	The diversal complexity of the inflammatory response in ARDS
	PLA2s in phenotypes of ARDS subtypes
	Mechanical ventilation
	Direct vs indirect ARDS
	Phases of ARDS
	Immunoparalysis
	PLAs in extracellular vesicles (EVs)

	Conclusions
	Conflicts of interest
	Acknowledgments
	References


