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Abstract

:

Acute Respiratory Distress Syndrome is a familiar and destructive clinical condition characterized by progressive, swift and impaired pulmonary state. It leads to mortality if not managed in a timely manner. Recently the role of imbalanced macrophage polarization has been reported in ARDS. Macrophages are known for their heterogeneity and plasticity. Under different microenvironmental stimuli, they (M0) can switch between classically activated macrophage (M1) and alternatively activated (M2) states. This switch is regulated by several signaling pathways and epigenetic changes. In this review, the importance of macrophage M1 and M2 has been discussed in the arena of ARDS citing the phase-wise impact of macrophage polarization. This will provide a further understanding of the molecular mechanism involved in ARDS and will help in developing novel therapeutic targets. Various biomarkers that are currently used concerning this pathophysiological feature have also been summarized.
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1. Introduction


Acute respiratory distress syndrome (ARDS) is characterized by the acute onset of pulmonary oedema of non-cardiogenic origin, along with bilateral pulmonary infiltration and subsequent failure of the respiratory system. Refractive hypoxemia and stiff lung are the clinical hallmarks of ARDS. Since its first description, ARDS has been redefined several times to ameliorate the accuracy of clinical diagnosis [1]. The first known description of the syndrome dates back to 1821 when Laennec described fatal “idiopathic pulmonary oedema”. Later, the first and the second World wars provided evidence that several traumatic insults could result in the eventual development of an edematous lung injury, so that and the term “shock lung” were developed to describe such a condition. In 1967, Ashbaugh et al. published a case series of 12 patients who had developed respiratory failure after a variety of insults [2], providing the first systematic description of this condition (Table 1).



At a microscopic level, ARDS is associated with capillary endothelial injury and diffusive alveolar damage, due to which it is also known as diffuse alveolar damage (DAD) disorder. When ARDS progresses, the subject undergoes different extents of pulmonary artery vasoconstriction that later develops into pulmonary hypertension. ARDS is associated with high mortality and there are few therapeutic options to combat this condition.




2. Etiology


Although numerous medical and surgical ailments lead to ARDS, the syndrome mainly develops in pneumonia and sepsis (>80%). Environmental triggers progressing ALI can be broadly divided into two categories, direct and indirect lung injury, also known as pulmonary and extra-pulmonary injury (See Table 2). Those with predisposing medical disorders including metabolic acidosis, pancreatitis, older age and chronic alcohol abuse are at risk of developing ARDS. Trauma cases with APACHE II score >16 have a 2.5 times higher chance of developing this syndrome [6].




3. Pathophysiology


The natural course of ARDS encompasses three phases: exudative phase (day 0–7), proliferative phase (day 7–21) and proliferative phase (>day 21) (Figure 1). In ARDS, also known as hyaline membrane disease, the injury at the endothelial and epithelial lining compromises the integrity of the alveolar–capillary membrane. There has been much evidence suggesting that ARDS arises from an inflammatory reaction initiated by a variety of pro-inflammatory cytokines. During the initial 30 min after an acute insult, there is increased synthesis of interleukin 8 (IL-8), a potent neutrophil chemotactic and activating agent, by pulmonary macrophages. Release of IL-8 along with other factors, such as IL-1 and tumor necrosis factor (TNFα), leads to endothelial activation and sequestration and activation of neutrophils in pulmonary capillaries. Activated neutrophils release a variety of products (e.g., reactive oxygen species, reactive nitric oxide species, and proteases) that damage the alveolar epithelium and endothelium membrane. The assault on the endothelium and epithelium causes vascular leakiness and loss of surfactant that dampens the alveolar unit in order to expand. Of note, the destructive forces unleashed by neutrophils can be counteracted by an array of endogenous anti-proteases and anti-oxidants that are up-regulated by proinflammatory cytokines. In the end, it is the balance between the destructive and protective factors that determines the degree of tissue injury and clinical severity of the ALI/ARDS [7].A detailed pathophysiological change has been discussed in the context of the macrophage at various phases, the “role of the macrophage in acute lung injury”, discussing the effect of the above-mentioned cytokines, factors and the various signaling pathways involved.



The heterogeneous nature of the syndrome itself, presence of additional comorbidities, potentially incomplete gene penetrance and complex gene–environment interactions lead to difficulty in assessing the underlying mechanism of ARDS. At present the research is channelized into the role of genetic factors and their contribution to ARDS susceptibility, thus providing targets for research in treatment development. This review is intended to understand the role of macrophage polarization in ARDS and to identify key targets for the resolution of this damaging respiratory syndrome.



ARDS is characterized by an excessive and uncontrolled systemic inflammatory response in which different subsets of macrophages are involved. This includes resident alveolar macrophages (AMs) and recruited macrophages from the blood which function differently under microenvironmental stimuli, playing a causal role in the pathogenesis and resolution of ARDS.



As a part of the innate immune system, macrophages serve as the first barrier of defense against extrinsic invaders and airborne particles, especially in the lung. They help in clearing cellular debris and ensuing resolution in a post-injury state. This is governed by switching between two polarized states of macrophage depending upon the extracellular environment. This includes the classically activated phenotype (M1) and the alternatively activated phenotype (M2). M1 macrophages partake in pro-inflammatory conditions and have cytotoxic capabilities, whereas M2 mainly function as anti-inflammatory cells and have a tissue remodeling role and matrix deposition in post-injury conditions [8].




4. Biomarkers


There are various established biomarkers for ARDS concerning different phases of pathogenesis. Here, since abnormal macrophage polarization is considered a key orchestrator of ARDS, identifying these could serve an important function in developing therapeutic agents. Some of the routinely used biomarkers are described in Table 3. CD68 and CD11b are total markers of macrophages. M1 and M2 macrophages have specific markers.



Macrophages are a type of monocyte (mononuclear phagocyte system) universally present as a part of the innate immune system belonging to both invertebrates and vertebrates. They were recognized first time by Metchnikoff in 1882 in the larvae of starfish upon insertion of thorns of the tangerine tree, and later in Daphnia Magna or the common water flea infected with fungal spores, as cells responsible for the process of phagocytosis of foreign particles [14]. Macrophages stem from a very early phase of embryogenesis known as primitive hematopoiesis occurring at embryonic day 6, from precursor cells present in the extraembryonic yolk sac. The process of hematopoiesis progresses towards the fetal liver at the beginning and finally to the bone marrow in the adult animal, including humans [15]. Macrophages can be classified based on anatomical regions and polarization state.




5. Based on Anatomical Regions


In normal physiological conditions, monocytes circulate in the bloodstream while macrophages remain in different tissues serving specific purposes, such as intestinal macrophages in the gut, Kupffer cells in the liver, microglial cells in the brain, and osteoclasts in bone, and many more (See Table 4).




6. Division Depending on Polarization


The polarization of macrophages has a diverse heterogenic function and phenotypes, depending on their activation in respect to the duration of stimulation and spatial localization. According to the activation state and functions of macrophages, they can be divided into



	
(A) M1-type (classically activated macrophages (CAMs) or pro-inflammatory).



	
(B) M2-type (alternatively activated macrophages (AAMs) or anti-inflammatory).



	
(C) Regulatory Macrophages (Mreg).






Some of the recognized states in different pathological conditions are stated below (Figure 2); however, this is not a clear cut demarcation of the subtypes involved as switching occurs continuously in a disease state.



Apart from the above stated broad classification, there are several subtypes of activated macrophages which include M2a, M2b, M2c and M2d, responsible for anti-inflammatory and wound healing, immunomodulation, efferocytosis and angiogenesis, respectively [16].




7. Functional Role of Macrophages in Human Physiology


Macrophages are similar to neutrophils as they have various types of pattern recognition receptors (PRRs), are an influential mechanism of phagocytosis, can alarm other immune about the infection, and use oxidative molecules as their defense protocol. Cytokines secreted by activated TH cells along with other inflammatory factors can upgrade the macrophage inflammatory response. Activated macrophages are more powerful for eliminating pathogens. They exhibit greater phagocytic activity, increased secretion of inflammatory factors, and higher expression levels of MHC class II molecules, which can present antigens to TH cells. Thus, macrophages and TH cells work in a symbiotic fashion. Macrophages not only eliminate pathogens directly but also act as antigen-presenting cells (APC) for a stronger immune response.



Macrophages are present in all vertebrate tissues, from mid-gestation throughout life, constituting a widely dispersed organ system. They regulate various physiological functions by responding to internal and external changes within the body acting as a dispersed homeostatic organ, not only as phagocytes in defense against microbes and clearance of dead and senescent cells, but also through trophic, regulatory and repair functions. Some of the noted physiological functions are given below (Figure 3):




8. Molecular Mechanism of Macrophage in ARDS


The lung primarily contains alveolar macrophages either of embryonic origin or bone marrow-derived hematopoietic stem cells (HSCs) [17], whose turnover is independent, and production and maturation depend on various transcription factors. In addition, the airway contains the antigen-responsive bronchial dendritic cell and interstitial macrophages. Monocytes are recruited later in adult life to restock alveolar macrophages and during the inflammatory response. Alveolar macrophages play a key role in the clearance of particles, microbes, dust and pollutants and the regulation of surfactant proteolipid turnover through local secretion of Granulocyte-Macrophage-Colony Stimulating Factors (GM-CSF), otherwise the surfactant protein accumulate in the alveoli hampering the lung function. Alveolar macrophages are rounded, loosely adherent cells and display a distinctive phenotype from other lung or tissue macrophages. The oxygen-rich environment may generate ligands for these scavenger receptors.



Lung macrophages are durable cells with wide differentiation potential, which reside in the lung interstitium and alveoli or are organ-recruited upon inflammatory stimuli. The role of resident and recruited macrophages in initiating and maintaining pulmonary inflammation in lung infection or injury has been convincingly demonstrated. More recent reports suggest that lung macrophages are the main orchestrators of the termination and resolution of inflammation. They are also initiators of parenchymal repair processes that are essential for return to homeostasis with normal gas exchange.



To understand the pivotal role of macrophages in the pulmonary region, we will consider it in a stepwise manner relating to the changes occurring in the exudative phase, rehabilitation phase and fibrotic phase of ALI/ARDS (Figure 4). The function of the macrophage is divided here into resident alveolar macrophages (M1) and recruited macrophages (M2) from the blood, concerning the pathogenesis of ALI/ARDS.



During the inflammatory response preceding injury in the lung, Macrophages play a tricky role. They are generally pro-inflammatory in the initial stage followed by an anti-inflammatory response in the later stages. This occurs due to the phenotypic transformation of macrophage from M1 to M2 via various signaling pathways including Toll-like receptor, NOD-like receptor, JAK/STAT pathway, intracellular helicases such as retinoic acid-inducible gene I (RIG-I), along with various pattern recognition receptors such as Pathogen Associated Molecular Pattern (PAMP) and Danger Associated Molecular Pattern (DAMP), which integrate into the shaping of pulmonary macrophages’ phenotyping and programming.



Recently, Liang et al. demonstrated the role of JAK/STAT3 phosphorylation in alveolar macrophage in LPS induced acute lung injury. They reported a decrease in the expression of Kruppel-like factor 2 (KLF2) in the alveolar macrophage which inhibited the phosphorylation of STAT3 and reduced levels of STAT3 target genes, including matrix metalloproteinase (MMP)-2/9 (MMP-2/9), which exacerbated pulmonary inflammation in ALI [18].



Another study performed by Chai et al. demonstrated the role of curcumin in down-regulation of M1 and up-regulation of M2 in the lungs of CLP-induced mouse ALI model. They raised an interesting fact regarding the anti-inflammatory effect of IL-10, which is mediated by metabolic reprogramming of macrophages, including inhibition of mTOR signaling and inflammasome activations, citing the importance of the macrophage in the inflammatory response. Macrophages are either M1 or M2, and these cells play different roles in ARDS. The classically activated phenotype (M1) releases various potent proinflammatory mediators aggravating ALI, while the M2 phenotype eliminates apoptotic cells and participates in lung tissue repair, alleviating ALI [19].



These pathways on activation release early response cytokines such as type I IFN, TNF-α, and IL-1β in an IRF- or NF-κB-dependent way [20]. These stimulate the adjacent alveolar epithelial cells and tissue-resident macrophages (M2) in an auto- and paracrine manner to fabricate various chemokines which in turn regulate the recruitment of neutrophils along the lining, and afterwards exudate macrophages (M1) and lymphocytes to the site of infection, ultimately resulting in clearance of pathogens in a stepwise manner. A study performed by William et al. assessed the balance of cytokines such as TNFα, IL-1β, IL-6 and IL-10 in 23 patients with risk of ARDS and 46 patients with established ARDS, in which they found that a high concentration of anti-inflammatory cytokine during early onset produce a low molar ratio of pro-inflammatory to anti-inflammatory mediators in the lung, thereby dampening the over enhanced inflammation in the airspace, and emphasized that there is a requirement of measuring both pro- and anti-inflammatory cytokines for the correct assessment of ARDS [21].



Clearance of the pathogen along with downregulation of the initial inflammatory signals upon its recognition, or other stimuli, does not completely stop the lung inflammatory process. A well-coordinated system comprising of granulocyte emigration from blood vessels, restoration of normal vascular permeability and removal of extravasated fluids, termination of monocyte emigration and induction of their maturation into resident alveolar macrophages, removal of apoptotic neutrophils, and finally, restoration of functional endothelial and epithelial monolayers, helps in the full-fledged confrontation with the lung inflammation. Here, the macrophage plays an important role, apart from classical phagocytosis, as they are endowed with functional flexibility to either play their card as pro- or anti-inflammatory, along with the tissue reparation, depending upon the signals they receive and decode from the surrounding cell or from the pathogen itself. The proficiency of these macrophages, either lung resident or recruited to terminate and resolve alveolar inflammation in the later phase of ALI/ARDS, serving as the repair mechanism, is essential for homeostasis [22].



Based on the phases of ALI, starting with Phase I, also known as the exudative phase, when compared with normal lung it has been observed that there is an increased expression of PAMP and DAMP upon infection or exposure to endotoxin, leading to injury, with a shift of tissue-resident macrophage M2 to M1. This alveolar polarization serves as the first line of defense against the invading pathogen or the expressed stimuli. This M1 macrophage releases various pro-inflammatory chemokines such as Il-1beta, IL-6 and IL-18 which interjects the neutrophil from surrounding intravascular space to the epithelial and endothelial lining of the alveolus from where they enter into the lungs and alveolar space, thereby promoting the ALI/ARDS. However on another note, a protective aspect of M1 has been observed, where they produce an increased level of amphiregulin, which act as a ligand for epithelial growth factor receptor thereby protecting the epithelial barrier.



This polarization shift occurs due to the JAK/STAT pathway as mentioned above. The circulating pro-inflammatory cytokines, specifically IFN-1gamma, binds to the cell surface receptor, activating Janus kinase 1, 2 and activating STAT1. Suppressor of Cytokine Signaling 1/3 inversely regulates STAT1, inhibiting the macrophage polarization by phosphorylating tyrosine residue on JAK. Another underlying pathway in polarization is regulated via transcription factor IRF-5. This factor significantly decreases in the presence of SOCS 3. To sum up STAT 1, SOCS 1, SOCS 3 and IRF-5 regulate polarization of macrophage M1 in injured conditions [18,23].



Phase II, better known as the rehabilitation phase, sum ups the recovery response after the pathogen exposure is counteracted by pro-inflammatory chemokine in phase I. The first step in this area is to reduce the level of cytokines that are promoting inflammation and inducing phenotypic alteration from M1 to M2 via various signaling pathways including STAT6, SOCS1/SOCS3 [23], and IRF4. Apart from the stated pathways, M2 itself differentiates into four subtypes (M2a, M2b, M2c, M2d) depending upon the activation signal. M2 macrophage plays a key role in tissue repair around the lungs by decreasing the level of chemokine in Phase I and helps in the production of anti-inflammatory chemokines such as IL-10 and IL-1 receptor antagonist in response to type 2 helper T cell (Th2). Balancing the level of pro- and anti-inflammatory cytokines does not alleviate inflammation and the clearance of neutrophils in phase I also serves as the main contributing factor. Neutrophils, upon recognizing the pathogen, exhibit apoptosis and apoptotic cells are accumulated. Macrophage 2, with the help of “find me” and “eat me” signals, helps in the clearance of apoptotic cells and debris by G-protein coupled macrophage chemotaxis receptor G2A [24], and CD31 or CD47/SIRP-α signals, respectively. Efferocytosis by M2 also increases the level of IL-10 and TGF-β1 which controls the inflammation, reducing the level of inducible nitric oxide synthase level and stimulating the expression of arginase 1 which reduces reactive nitric oxide species.



An observational study performed in 2015, where 79 patients were enrolled fulfilling Acute Physiologic and Chronic Health Evaluation (APACHE) II score, Sequential Organ Failure Assessment (SOFA) score, and Lung Injury Score, to assess the significance of level between CD4  +  CD25  +  Foxp3  +  regulatory T (Treg) cells and T helper (Th)17 with ARDS, concluded that The Th17/Treg imbalance favoring a Th17 shift exemplifies a potential therapeutic target to improve lung injury in patients with ARDS [25].



The last Phase III, also termed as the fibro proliferative phase, is paradoxically a late-stage complication of persistent ALI/ARDS. In order to maintain lung homeostasis, a well-defined remodeling of the tissue after the injury is required, ensuring minimum fibrosis or scar deposition, which serves as a complication in later stages. Here M2 macrophage has a significant role in terms of fibroblast proliferation by enhanced expression of TGF-β, fibronectin, proline, arginase 1 and tissue inhibitor of metalloproteinase (TIMP). Sustained release of IL-13 and IL-4 in phase II on the alveolar surface promotes M2 mediated fibrosis via TGF-β and arginase-1 pathway. M1 macrophages, on the other hand, are anti-fibrotic by enhanced expression of CXCL10 and matrix metalloproteinase, thereby resolving excessive scarring, fibroblast deposition and maintaining membrane integrity. (Figure 4) [26].




9. Discussion


This paper has provided an overview of ARDS including definition, aetiology and pathogenesis. It also summarises macrophage, their different subtypes, regulation of macrophage polarisation by signalling pathways and lastly the role of macrophage polarisation in ARDS. Through this, we have tried to bring attention to the impact of macrophage functioning in ARDS and, while developing novel therapies, the plasticity of macrophages should be a deciding factor.



Various reports have suggested the importance of M1 in the early stage of ARDS, but contradicting reports also exist. Therefore, a biomarker-based approach that could clearly distinguish between the polarised states is the need of the hour. This can be reached by studying the signalling pathway involved in M1/M2 polarization. This would lead to formulating treatment strategies that would concentrate on neutralising the overexpression of M1 polarization; in the later stages, the expression of M2 polarization should be pondered.



While numerous studies have demonstrated the role of macrophages M1 and M2 in the pathogenesis of ARDS [19,27,28,29], there are still many paths to be explored regarding the underlying signalling pathways and cell to cell communication. Some important points which need to be considered are as follows:




	
How do these macrophages decide the level of inflammatory cytokine and neutrophil production?



	
How do they interact with localised endothelial cells from airway epithelial progenitors during the regeneration process?








The most important question still to be answered is: how does polarization occur in an organ-specific inflammatory environment and how can this polarization be utilised more specifically in M1 and M2 to enhance the outcome in acute lung injury therapy. The respiratory tract is in direct contact with the outer environment and is especially vulnerable to the harsh effects of the pathogen and the other allergens. Understanding this macrophage and its host immune defence against these outer based pathogens or allergens which cause insult to the lungs is vital, as understanding of the regulating pathway of macrophage activation and the mediators involved in it by (direct or indirect) release could make way for more effectual approaches for the treatment of lung disease.



When an organ is attacked by an infection or a disease, the proinflammatory M1 phenotype of macrophages can trigger tissue damage. The anti-inflammatory M2 phenotype can suppress the inflammation and promote tissue remodeling. Therefore, to treat inflammatory disorders including ARDS researchers aim to reverse the polarization of macrophage populations. Although the concept of epigenetic modifiers has only been around for a couple of years, their potential has been widely explored. The combination of 5-Aza 2-deoxycytidine (Aza) and Trichostatin A (TSA) decreased the expression of the M1 phenotype while augmenting the expression of the M2 phenotype in LPS-induced macrophages [28,29]. These studies can help researchers to explore new strategies to improve the outcome in ARDS [30].



Understanding the pathogenesis of lung injury and its resolution will help develop new drugs that can improve the survival rate and minimize the toxicity of these devastating diseases. MSCs are known to secrete various effector molecules that can reverse the major changes in lung injury.



In an experimental model, the presence of MSCs isolated from the alveolar wall restored the normal production and barrier properties of the alveolar protein [31].



Human mesenchymal stem cells have potential therapeutic properties for patients with ARDS. Studies show that these cells can augment the function of human macrophages and alter their phenotypes. Human MSCs were tested ex vivo by exposing them to an isolated lung perfusion system. The results showed that the media did not affect the lung wet-to-dry ratio and alveolar fluid clearance [27].



With declining mortality, new drugs will need to be studied to select the patients with the highest expected mortality. Currently, clinical trials are focused on assessing the effects of statin therapy on various inflammatory diseases. In humans, aspirin is effective in preventing the development of acid-induced lung injury (ALI) in animals. A prospective study is planned to test the safety and effectiveness of aspirin in high-risk patients [32,33,34].



Further research into the factors that influence the long-term functional status of patients following recovery from acute respiratory distress syndrome (ARDS) and ALI is expected to stimulate new approaches to prevent these conditions [35,36]. The idea that macrophages can respond to the environment’s signals has been gaining increasing support due to the large amount of data that supports this hypothesis [37]. This has profound implications for the development of new drugs that target the polarization of the macrophages’ function. The exact molecular factors that contribute to the dynamic transition of a macrophage phenotype are still not known. Further studies are needed to elucidate these factors and examine the mechanisms of their interaction.



To develop potential treatment strategies against ARDS, the underlying cellular and molecular mechanism need to be identified. Recently Zhang et al. identified a novel regulator of M1 polarization IFIH1. They found a strong correlation of this gene with ARDS. This could lead to a search for novel targets [35].



Recently gene-editing tools have been employed to further strengthen the molecular mechanism behind a disease and disorder. In this direction, Crisper/Cas9 complex provides a new tool for the reprogramming of the M1/M2 macrophage by utilizing the knockout technique. The specific knockout of the ubiquitin-specific proteinase, for example USP 18, which is involved in the IFN signaling in macrophages could regulate the polarization [36]. This will be a more robust and effective method, by targeting genes involved in the pro and anti-inflammation process. For example, there is a two target gene with differential expression in the pro- and anti-inflammatory macrophages, i.e., 7-dehydrocholesterolreductase (DHCR7) and cytochrome B 245 [37].




10. Conclusions


Although limited, this review suggests that regulating the pro-inflammatory response in the early exudative phase and fibroblast proliferation in the repair phase by reprogramming the macrophage polarization might be a new target for the treatment of ARDS. Identification of gene-specific biomarkers related to the polarized state might contribute to the early diagnosis of ARDS and provide sufficient time windows to the physicians for managing it. However, there is an urgent need for translation of such specific work, including stem cell therapies to identify therapeutic agents for ARDS.
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Figure 1. Illustration showing time course for development and resolution of ARDS. Reprinted with permission from Ref. [6]. 
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Figure 2. Difference in physiological significance of polarized macrophage. 
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Figure 3. Utilization of macrophage as a multipurpose system. 
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Figure 4. Key factors behind macrophage polarization in ARDS. In the pathological state, the excess release of pro-inflammatory cytokines leads to an imbalance between the two polarized states. Due to the persistent influence of the M2 polarized state, the hyaline membrane is formed leading to late stage complication of ARDS. 
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Table 1. The various definitions adapted for ALI/ARDS.
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	Features
	Ausbugh and Petty 1967 [3]
	AECC Definition 1994 [4]
	Berlin Definition 2012 [5]





	Timing
	Acute not specified
	Acute, time frame is still missing
	Specified timeline-maximum within a week after insult



	Oxygenation ALI/ARDS
	Not specified
	<300 for ALI

<200 for ARDS

PEEP is not considered in this
	Mild: 201–300

Moderate: 101–200

Severe: <100

Based on PaO2/FiO2, with PEEP ≥ 5 cm H2O



	Chest radiograph
	Patchy bilateral alveolar infiltrations
	Chest X-ray with bilateral pulmonary infiltrations
	Chest radiograph criteria clarified Example radiographs created



	PAWP (Pulmonary Artery Wedge Pressure)
	Not mentioned
	PAWP 18 mm Hg when measured or no clinical evidence of left atrial hypertension
	PAWP requirement removed

Hydrostatic oedema is not the primary cause of respiratory failure

Clinical vignettes were created to help exclude hydrostatic oedema



	Risk factors
	The initial study included 12 multifactorial patients
	Not specified
	Included

When none is identified, need to objectively rule out hydrostatic oedema







AECC-American European Consensus Conference.
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Table 2. Direct and Indirect triggers for ALI.
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	Direct Lung Injury/Pulmonary Injury
	Indirect Lung Injury/Extra-Pulmonary Injury





	Common

Pneumonia

Aspiration of gastric contents

Less Common

Pulmonary contusion

Fat/Amniotic fluid embolism

High Altitude

Near Drowning

Inhalation Injury

Reperfusion Injury
	Common

Sepsis

Severe trauma with shock and multiple transfusions

Less Common

Burns

Disseminated intravascular coagulation

Cardiopulmonary bypass

Drug overdose (heroin, barbiturates)

Acute pancreatitis

Transfusion of blood products

Hypoproteinaemia










[image: Table] 





Table 3. Some of the biomarkers associated with M1 and M2.
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	Macrophage Subtype
	Stimuli
	Markers
	References





	M1
	IFN

LPS

TNFα
	CD80, CD86, CD64, CD16 and CD32

iNOS
	[9]



	M2a
	IL-4, IL-13 and M-CSF
	CD206, Arg1, Ym1, FIZZ1

IL-10, TGF-β
	[9,10]



	M2b
	TLR ligands  +  IL-1R agonist
	CD206, IL-1 β, IL-6, TNF-α, IL-12Low

IL-10
	[11]



	M2c
	IL-10, Glucocorticoids, TGF-β
	CD206, CD163, MerTK

IL-10, TGF-β
	[12]



	M2d
	TLR  +  adenosine A2A R ligands, IL-6
	VEGF, IL-10

TGF-β

IL-12Low, TNF-αLow
	[13]
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Table 4. Depending on the site of action, macrophages can be classified into the following-.
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	S.No.
	Anatomical Location
	Types of Macrophages





	1
	Adipose Tissue
	Adipose tissue macrophages



	2
	Bone marrow/blood
	Monocytes



	3
	Liver
	Kupffer cells



	4
	Lymph nodes
	Sinus histocytes



	5
	Pulmonary Alveoli of lungs
	Alveolar macrophages (dust cells)



	6
	Connective tissue
	Histiocytes leading to giant cell



	7
	Central Nervous System
	Microglia



	8
	Placenta
	Hofbauer cells



	9
	Kidney
	Intra glomerular mesengial cells



	10
	Bone
	Osteoclasts



	11
	Granulomas
	Epitheloid cells



	12
	Spleen (Red Pulp)
	Red pulp macrophages (sinusoidal)



	13
	Peritoneal cavity
	Peritoneal macrophages



	14
	Peyer’s Patch
	Lysomac
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