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            Key Points

                	
                  Alveolar macrophages exist in a complex and unique environment. The ever-changing needs of the lungs mean that the functional and phenotypical plasticity of alveolar macrophages is essential for the appropriate initiation and resolution of lung inflammation.

                
	
                  In healthy individuals, alveolar macrophages do not neatly fit into any category using the current macrophage classification system.

                
	
                  Alveolar macrophages express a unique range of receptors that regulate their function in the healthy state.

                
	
                  Efferocytosis of apoptotic cells and wound repair limit alveolar macrophage responses in the resolution of inflammation. This can lead to long-term consequences, including bacterial superinfection.

                
	
                  Important information could be obtained if we increase our understanding of how the threshold of alveolar macrophage activation is set by the varying global microenvironments that are encountered at birth.

                


              

Abstract
Alveolar macrophages exist in a unique microenvironment and, despite historical evidence showing that they are in close contact with the respiratory epithelium, have until recently been investigated in isolation. The microenvironment of the airway lumen has a considerable influence on many aspects of alveolar macrophage phenotype, function and turnover. As the lungs adapt to environmental challenges, so too do alveolar macrophages adapt to accommodate the ever-changing needs of the tissue. In this Review, we discuss the unique characteristics of alveolar macrophages, the mechanisms that drive their adaptation and the direct and indirect influences of epithelial cells on them. We also highlight how airway luminal macrophages function as sentinels of a healthy state and how they do not respond in a pro-inflammatory manner to antigens that do not disrupt lung structure. The unique tissue location and function of alveolar macrophages distinguish them from other macrophage populations and suggest that it is important to classify macrophages according to the site that they occupy.
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                    Figure 1: Leukocyte interactions in the healthy lungs.[image: ]


Figure 2: Negative regulators of alveolar macrophage activation.[image: ]


Figure 3: The balancing act of macrophage activation.[image: ]


Figure 4: Altered macrophage regulation after inflammation.[image: ]
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Glossary
	M1 macrophages
	
                  M1, or classically activated, macrophages are induced by Toll-like receptor signalling and interferon-Î³. They have enhanced antimicrobial properties and secrete pro-inflammatory cytokines such as interleukin-1 (IL-1), IL-6, IL-12, IL-23 and tumour necrosis factor (TNF). They can also express CXC-chemokine ligand 9 (CXCL9), CXCL10, CXCL11 and CC-chemokine ligand 5 (CCL5).

                
	M2 macrophages
	
                  M2, or alternatively activated, macrophages are generally induced by interleukin-4 (IL-4) and IL-13, although various M2-like subtypes have been described. These cells contribute to wound healing, are anti-inflammatory and typically express the mannose receptor (also known as CD206), the tyrosine protein kinase MER, growth arrest-specific protein 7 (GAS7), CD163, arginase and tumour necrosis factor-Î² (TGFÎ²).

                
	CD200 receptor
	
                  (CD200R). The CD200R limits inflammatory macrophage responses by activating RAS GTPase-activating protein (RASGAP), which inhibits the extracellular signal-regulated kinase (ERK), p38 mitogen-activated protein kinase (MAPK) and JUN N-terminal kinase (JNK) signalling pathways. CD200, the ligand for the CD200R, is found on bronchial and type II alveolar epithelium and on some T cells.

                
	Type II alveolar epithelial cells
	
                  Unlike their type I structural counterparts, type II alveolar epithelial cells are involved in airway innate immunity; they secrete pulmonary surfactant-associated proteins and cytokines, and recognize pathogens through Toll-like receptors. They also express ligands, such as CD200, for macrophage regulatory receptors.

                
	Type I alveolar epithelial cells
	
                  Type I alveolar epithelial cells make up as much as 98% of the total surface area of the lungs. They have a large surface area and are very thin to facilitate gas exchange between the alveoli and the underlying capillaries.

                
	Efferocytosis
	
                  The cell-mediated engulfment and clearance of apoptotic cells, which is similar to phagocytosis. This process is mediated by bridging molecules and cell surface receptors such as the TAM (TYRO3, AXL and MER) receptor family. Efferocytosis typically induces anti-inflammatory signalling pathways within the engulfing phagocyte.

                
	TAM receptor family
	
                  Made up of TYRO3, AXL and MER receptor tyrosine kinases. These receptors promote efferocytosis by recognizing externalized phosphatidylserine expressed on the surface of apoptotic cells via the bridging molecules growth arrest-specific protein 6 (GAS6) and protein S.

                
	Myeloid-derived suppressor cells
	
                  (MDSCs). A group of immature CD11b+GR1+ cells that include precursors of macrophages, granulocytes, dendritic cells and myeloid cells. These cells are produced in response to various tumour-derived cytokines and have been shown to inhibit tumour-specific immune responses.
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