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At the early stages of life development, alveoli are colonized by embryonic macrophages, which become resident

alveolar macrophages (ResAM) and self-sustain by local division. Genetic and epigenetic signatures and, to some

extent, the functions of ResAM are dictated by the lung microenvironment, which uses cytokines, ligand-receptor

interactions, and stroma cells to orchestrate lung homeostasis. 
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1. Introduction

Historically, AM were defined by their monocytic origin and high phagocytic functions against pathogens colonizing

sterile lungs. The last decades swept these old dogmas away by showing that embryonic macrophages colonize

the lung during the first week of life in mice  and are in charge of the lung tissue homeostasis , where a

microbiota naturally dwells . AM play a significant role in pulmonary physiology as some alterations of their

functions can lead to severe or even lethal respiratory diseases . Macrophages are also classically separated into

two subpopulations: one oriented towards inflammation and antimicrobial defense known as classically activated

macrophages (M1), opposing the one oriented towards immune tolerance and tissue repair known as alternatively

activated macrophages (M2) . This theoretical dichotomy was recently challenged with in vivo data showing the

coexistence of M1 and M2 features in the same macrophages depending on the experimental conditions , thus

limiting the M1/M2 classification to in vitro models .

2. Resident Alveolar Macrophages Ontogeny

Contrary to the former dogma stipulating that all macrophages originated from circulating bone marrow-derived

monocytes, ResAM are known for their embryogenic origin, which requires a small contribution from monocytic

progenitors during homeostasis. The alveolar colonization by the ResAM occurs during the first week of life in

mice, and experiments using irradiated chimeric mice, parabiotic mice, and adoptive cell transfer showed the

alveolar colonization was dependent on specific embryonic progenitors . Yolk sac derived-macrophages, fetal

liver monocytes, or bone marrow-derived monocytes can also acquire efficient macrophage functions, such as

preventing proteinosis and phagocytosis. Their contribution to the final ResAM pool is not equivalent, the fetal liver

monocytes constituting the main proportion of resident macrophages. Many studies that have looked at other

tissue-specific macrophages obtained different results, which supposes that every type of macrophage gets its
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specific preferential embryonic origin. Tissue-specific macrophages from the microglia , the liver, the spleen,

and the pancreas originate mainly from the yolk sac , while intestinal macrophages are constantly replaced by

bone marrow-derived monocytes . The contribution from different sources of embryonic progenitors varies in a

tissue-dependent manner, and the mechanisms of this tissue imprinting are starting to be elucidated.

3. Maintenance of the Alveolar Macrophage Niche during
Homeostasis

The observation that all embryonic macrophage populations (yolk sac-derived, fetal liver-derived, and bone

marrow-derived) can independently colonize an empty alveolar niche and differentiate into functional AM suggests

that the lung tissue produces maturation and development signals that can turn embryonic progenitors into

differentiated AM. In this setting, the production of granulocyte macrophage colony-stimulating factor (GM-CSF) by

the lung stroma, specifically by the alveolar epithelial type 2 cells , is vital since it induces the expression of the

transcription factor peroxisome proliferator-activated receptor gamma (PPARG), a transcription factor essential for

the differentiation and perinatal development of AM . The role of GM-CSF is also supported by the

demonstration that, in a situation of competition between progenitors, fetal liver progenitors, which have the highest

affinity and avidity for this growth factor, become the main contributor to the replenishment of the alveolar niche .

As for the differentiation and maintenance of the AM population, the transforming growth factor beta (TGFB)

appeared to be crucial in the alveolar niche . The roles and mechanisms of tissue imprinting in AM differentiation

and maintenance programs were recently demonstrated. Indeed, while differentiated immune cells usually lose

their plasticity, differentiated peritoneal macrophages can acquire the main features of AM after in vivo adoptive

transfer into the lungs . This result demonstrated the high plasticity of differentiated macrophages and the role of

the tissue microenvironment in both the induction and the maintenance of their functional programming by shaping

the chromatin landscape. In summary, even during homeostasis, the maintenance of the functions and identity of

AM relies on their local self-proliferation with minimal participation from monocytes, and their constant adaptation to

the messages received from the local microenvironment .

4. The Role of Alveolar Macrophages to Maintain Lung
Homeostasis

Lungs are not sterile but are continuously exposed to foreign molecules  and colonized by a diverse

microbiome. The balance between immune response to eliminate these foreign bodies and tolerance is highly

regulated in the lungs, with tolerance favored during homeostasis . This is particularly crucial since lung

inflammation causes thickening of alveoli walls, jeopardizes gas exchange, and induces life-threatening respiratory

failure. Nevertheless, tolerance of virulent pathogens can lead to invasive infections, and it is thus necessary to

finely tune the balance between tolerance and immune response.

While the historical theory was that AM induce lung immune tolerance, recent studies have also underlined their

central role in maintaining epithelium integrity . AM continuously patrol alveoli to clean the alveolar spaces by
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phagocytizing inhaled bacteria before they can initiate harmful lung inflammation . AM, which can present

antigen but lack co-stimulation molecules, inactivate the CD8+ T cells localized in the airways . In humans,

AM closely interact with resident memory T cells, which are central to optimize immune response against inhaled

pathogens .

All these tolerogenic functions of the AM can be reversed during pneumonia, as we will discuss later, suggesting a

microenvironment pressure that remains to be clarified. On the whole-body scale, tissue macrophages

differentiation depends on signals given by the macrophage niche  but as far as the intrinsic macrophage

genetic program is concerned, it is hypothesized that the microenvironment represses proinflammatory genes and

promotes an immune tolerance which does make sense in an evolutionary perspective: the new macrophages that

replace the dead ones should be set in a tolerogenic mode to prevent unnecessary and potentially deleterious

inflammation , and this microenvironment pressure applies on AM independently of their ontogeny 

(Figure 1).

Figure 1. Tolerogenic imprinting throughout inflammation. At birth, the alveolar niche is colonized by fetal liver-

derived monocytes. The lung microenvironment then favors their differentiation into resident alveolar macrophages

(ResAM) and induces an unalterable tolerogenic imprinting. During inflammation, the main inflammatory actors are

the recruited bone marrow-derived monocytes that differentiate into monocyte-derived alveolar macrophages

(InfAM) under the pressure of the proinflammatory microenvironment while the ResAM display poor inflammatory

functions as most of their tolerogenic imprinting remains. At the resolution of inflammation, the recruited InfAM

become monocyte-derived ResAM and undergo the tolerogenic pressure of the microenvironment and display in

turn a tolerogenic imprinting to limit further inflammatory response.

Several mediators from the microenvironment participate to the tolerogenic programming of ResAM. First, the

metabolic adaptation of ResAM to a local environment poor in nutriments impacts their ability to engulf CD47+

tumor cells and to phagocytize extracellular bodies . The stimulation of CD200R upon the production of CD200
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by lung epithelial cells negatively regulates the AM response to bacteria . Epithelial cells, as well as AM

themselves, also produce TGFB that limits the activation of AM and promotes their self-maintenance .

Another element promoting the tolerance of AM is the surfactant proteins A and D, which are collagen-containing

C-type lectins produced by epithelial cells which interact with the signal-regulatory protein alpha (SIRPA) receptor

expressed on AM . Surfactant proteins stimulation of SIRPA inhibits the phagocytosis of extracellular bacteria,

while the recognition by SIRPA of CD47 precludes the phagocytosis of cells from the host . In summary, the

lung microenvironment drives ResAM toward tolerogenic functions, which are critical to prevent potentially

detrimental lung inflammation (Figure 2).

Figure 2. Immune tolerance in the alveolar niche. In the alveolar niche, macrophages and the lung stroma interact

together to promote a tolerogenic environment and prevent a deleterious inflammation that could jeopardize the

lungs functions. On the one hand, the lung microenvironment induces tolerance in AM: the binding of CD200R

expressed by the AM and CD200 expressed by the lung stroma inhibits the macrophages response; lung epithelial

cells produce surfactant proteins A and D that can interact with signal-regulatory protein (SIRPA) receptor leading

to phagocytosis inhibition; TGB-β is also produced by lung epithelial cells and is responsible for the inactivation of

the AM. On the other hand, AM display tolerogenic functions including the inactivation of CD8+ T lymphocytes and

the «silent» phagocytosis of inhaled pathogens.
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