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Editorial on the Research Topic

Alveolar Macrophages in Lung Inflammation and Resolution

Macrophages and macrophage-like cells are present in all mammalian
organs with substantial heterogeneity and phenotypic specialization that is
regulated in tissue-specific manner. In the lung, there are two distinct
macrophage populations: alveolar macrophages, which are in close contact
with the type | and Il epithelial cells of alveoli ( 1 ); and interstitial
macrophages, which reside in the parenchyma between the microvascular
endothelium and alveolar epithelium ( 2_). Alveolar macrophages derive from
yoke sac procurers of fetal monocytes, which populate the alveoli shortly
after birth and persist over the lifespan via self-renewing embryo-derived
populations independently of bone marrow contribution ( 3 - 5 ). Following
inflammatory insults, bone marrow-derived monocytes are recruited to the
lung and differentiate into alveolar macrophages ( 6 - 8 ). Terminal
differentiation and maturation of lung macrophages is dependent on
granulocyte macrophage-colony stimulating factor and transduced by the
transcription factors, Pu. 1 ( 9 ). The functional phenotype of alveolar
macrophages is modulated by the unique microenvironment of the lung that
includes intimate contact with epithelial cells, high oxygen tension, and
exposure to surfactant-rich fluid. Alveolar macrophages are critical for tissue
homeostasis, host defense, clearance of surfactant and cell debris, pathogen
recognition, initiation and resolution of lung inflammation, and repair of
damaged tissue ( 10 ). Under physiological conditions, alveolar macrophages
produce low levels of inflammatory cytokines, maintain high phagocytic

activity, and generally suppress inflammation and adaptive immunity ( 1).
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Alveolar macrophages are the first line of defense against pollutants and
pathogenic microbes that initiate an innate immune response in the lung.
Two phenotypes of alveolar macrophages have been identified: classically
activated macrophage (M1 macrophage) and alternatively activated
macrophage (M2 macrophage). M1 macrophages respond to microbial
factors and Th1l proinflammatory cytokines to exhibit glycolytic metabolism
that is associated with inflammatory cytokine release, enhanced bacterial
killing, and the recruitment of immune cells into the lung parenchyma and
alveolus. In comparison, M2 macrophages are induced by exposure to the
Th2 cytokines to undergo oxidative metabolism that is associated with anti-
inflammatory cytokine release, phagocytosis of apoptotic cells (efferocytosis)
and collagen deposition that contribute to the resolution of inflammation and

repair of damaged tissues ( 11, 12 ). The protean role of alveolar

macrophage in the pathogenesis and resolution of lung inflammation is
dependent on their ontogeny and the microenvironment associated with
various noxious stimuli ( 13 ). Due to their remarkable plasticity, alveolar
macrophages are highly specialized in reacting to environmental signals
leading to rapid and reversible changes in their inflammatory phenotype ( 14
). In response to damage-associated molecular patterns, pathogen-
associated molecular patterns, cytokines, growth factors, and other
mediators released in the microenvironment, alveolar macrophages are
phenotypically and functionally modified to adopt pro-inflammatory, pro-
fibrotic, anti-inflammatory, anti-fibrotic, pro-asthmatic, pro-resolving, or

tissue regenerating properties ( 15, 16 ). The transcriptome and epigenetic

landscape of alveolar macrophages are determined by the lung
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microenvironment ( 17 ). During lung inflammation, macrophages also
constantly communicate with and epithelial cells, microvascular endothelial
cells, neutrophils, macrophages, lymphocytes, fibroblasts, and stem or tissue
progenitor cells to regulate lung homeostasis and innate and adaptive
immunity against pathogens ( 18 - 22 ). The polarization states of alveolar
macrophages are not mutually exclusive and cells can exhibit elements of
both M1 and M2 macrophages simultaneously depending on environmental
signals ( 23 ). The high plasticity of macrophages makes it difficult to
distinguish the specific subpopulations. Cell surface markers and
transcriptional and epigenetic profiles are a focus of current research in
order to identify the unique role of the distinct macrophage populations and

activation states in lung injury and repair ( 24, 25 ).

This collection of published articles is comprised of a series of reviews and
original research papers underlining the role of alveolar macrophages in lung
inflammation. Through a systematic review and meta-analysis of 22 studies
using different animal species including rats, mice, rabbits, dogs, pigs, and
sheep, Liu et al. concluded that fibrinolytic therapy significantly improved
gas exchange, reduced lung inflammatory injury, and prolonged survival in
preclinical animal models. Feller et al. showed that persistent cigarette
smoking activated non-canonical Wnt family member 5a signaling which
down-regulated peroxisome proliferator-activated receptor gamma
expression, leading to polarization of macrophages from anti-inflammatory
M2 to pro-inflammatory M1 phenotype, lung inflammation and ultimate
chronic obstructive pulmonary disease. Tissue hypoxia is a common

microenvironmental feature of sepsis and other inflammatory diseases. Wu

https://assignbuster.com/editorial-alveolar-macrophages-in-lung-
inflammation-and-resolution/



Editorial: alveolar macrophages in lung ... - Paper Example Page 5

et al. demonstrated that the expression of inflammatory genes including
tumor necrosis factor a, interleukin-1B, and interleukin-6, Toll-like receptor 4
in the alveolar macrophages was enhanced upon acute hypoxia exposure
during endotoxemia in rats. Lee et al. discussed the recent findings on the
interaction between alveolar macrophages and lung epithelial cells via
extracellular vesicles and extracellular vesicle-containing microRNAs.
Bidirectional paracrine cross-talk between macrophages and epithelium via
extracellular vesicle-mediated signaling may trigger an inflammatory

cascade in the lung. In a mouse model of bleomycin-induced pulmonary

fibrosis, Elewa et al. reported that the subpopulations of CD80 * M1
macrophages increased and there was a significantly positive correlation in
the number of infiltrated macrophages between the lungs and mediastinal
fat-associated lymphoid clusters. This study suggests that mediastinal fat-
associated lymphoid clusters may play an essential role in the progression of
lung inflammatory diseases. Finally, McCubbrey et al. assessed the efficiency
and specificity of commonly used mouse strains targeting lung
macrophages. The specificity for targeting lung macrophages with lysozyme
M-Cre is higher than with colony stimulating factor 1 receptor-Cre. There was
highly efficient gene depletion in alveolar macrophages and interstitial
macrophages with either lysozyme M-Cre or colony stimulating factor 1
receptor-Cre. The chemokine (C-X3-C motif) receptor 1-estrogen receptor
Cre and the reverse tetracycline-controlled transactivator protein under the
control of the human CD68 promoter inducible systems mainly targeted
interstitial macrophages and trafficking monocytes, but were unable to

delete floxed genes in alveolar macrophages.
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In summary, we anticipate that the collection of reviews and original articles
will serve as inspiration of future research to identify how the specialized
microenvironment of the airspaces following injury drives the polarization of
alveolar macrophages which regulates lung inflammation and resolution.
Advances in the understanding of the function and regulatory mechanisms of
alveolar macrophage may provide insights that could lead to novel therapies
for pulmonary diseases via specifically targeting the subpopulations of

alveolar macrophages.

Author Contributions

All authors listed have made a substantial, direct and intellectual

contribution to the work, and approved it for publication.

Funding
This work was supported by National Institutes of Health Grant (HL 104092

to GH and HL 137224 to JC).

Conflict of Interest

The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential

conflict of interest.

Acknowledgments

We thank all authors and reviewers for their contributions to this important

topic.

https://assignbuster.com/editorial-alveolar-macrophages-in-lung-
inflammation-and-resolution/



Editorial: alveolar macrophages in lung ... - Paper Example Page 7

References

1. Hussell T, Bell TJ. Alveolar macrophages: plasticity in a tissue-specific

context. Nat Rev Immunol. (2014) 14: 81-93. doi: 10. 1038/nri3600

2. Misharin AV, Scott Budinger GR, Perlman H. The lung macrophage: a Jack
of all trades. Am J Respir Crit Care Med. (2011) 184: 497-8. doi: 10.

1164/rccm. 201107-1343ED

3. Tan SY, Krasnow MA. Developmental origin of lung macrophage diversity.

Development. (2016) 143: 1318-27. doi: 10. 1242/dev. 129122

4. Schneider C, Nobs SP, Kurrer M, Rehrauer H, Thiele C, Kopf M. Induction of
the nuclear receptor PPAR-y by the cytokine GM-CSF is critical for the
differentiation of fetal monocytes into alveolar macrophages. Nat Immunol.

(2014) 15: 1026-37. doi: 10. 1038/ni. 3005

5. Schulz C, Gomez Perdiguero E, Chorro L, Szabo-Rogers H, Cagnard N,
Kierdorf K, et al. A lineage of myeloid cells independent of Myb and
hematopoietic stem cells. Science. (2012) 336: 86-90. doi: 10. 1126/science.

1219179

6. Bain CC, Bravo-Blas A, Scott CL, Perdiguero EG, Geissmann F, Henri S, et
al. Constant replenishment from circulating monocytes maintains the
macrophage pool in the intestine of adult mice. Nat Immunol. (2014) 15:

929-37. doi: 10. 1038/ni. 2967

7. Hashimoto D, Chow A, Noizat C, Teo P, Beasley MB, Leboeuf M, et al.

Tissue-resident macrophages self-maintain locally throughout adult life with

https://assignbuster.com/editorial-alveolar-macrophages-in-lung-
inflammation-and-resolution/



Editorial: alveolar macrophages in lung ... - Paper Example Page 8

minimal contribution from circulating monocytes. Immunity. (2013) 38: 792-

804. doi: 10. 1016/j. immuni. 2013. 04. 004

8. Dong Y, Poon GFT, Arif AA, Lee-Sayer SSM, Dosanjh M, Johnson P. The
survival of fetal and bone marrow monocyte-derived alveolar macrophages is

promoted by CD44 and its interaction with hyaluronan. Mucosal Immunol.

(2018) 11: 601-14. doi: 10. 1038/mi. 2017. 83

9. Trapnell BC, Whitsett JA. GM-CSF regulates pulmonary surfactant
homeostasis and alveolar macrophage-mediated innate host defense. Annu
Rev Physiol. (2002) 64: 775-802 doi: 10. 1146/annurev. physiol. 64. 090601.

113847

10. Joshi N, Walter JM, Misharin AV. Alveolar macrophages. Cell Immunol.

(2018) 330: 86-90. doi: 10. 1016/j. cellimm. 2018. 01. 005

11. Viola A, Munari F, Sdnchez-Rodriguez R, Scolaro T, Castegna A. The
metabolic signature of macrophage responses. Front Immunol. (2019) 10:

1462. doi: 10. 3389/fimmu. 2019. 01462

12. Xue J, Schmidt SV, Sander |, Draffehn A, Krebs W, Quester I, et al.
Transcriptome-based network analysis reveals a spectrum model of human
macrophage activation. Immunity. (2014) 40: 274-88. doi: 10. 1016/j.

immuni. 2014. 01. 006

13. Watanabe S, Alexander M, Misharin AV, Budinger GRS. The role of
macrophages in the resolution of inflammation. / Clin Invest. (2019) 129:

2619-28. doi: 10. 1172/JCI124615

https://assignbuster.com/editorial-alveolar-macrophages-in-lung-
inflammation-and-resolution/



Editorial: alveolar macrophages in lung ... - Paper Example Page 9

14. Byrne AJ, Mathie SA, Gregory LG, Lloyd CM. Pulmonary macrophages: key
players in the innate defence of the airways. Thorax. (2015) 70: 1189-96.

doi: 10. 1136/thoraxjnl-2015-207020

15. Mosser DM, Edwards JP. Exploring the full spectrum of macrophage

activation. Nat Rev Immunol. (2008) 8: 958-69. doi: 10. 1038/nri2448

16. Duffield JS, Lupher M, Thannickal V], Wynn TA. Host responses in tissue
repair and fibrosis. Annu Rev Pathol. (2013) 8: 241-76. doi: 10.

1146/annurev-pathol-020712-163930

17. Lavin Y, Winter D, Blecher-Gonen R, David E, Keren-Shaul H, Merad M, et
al. Tissue-resident macrophage enhancer landscapes are shaped by the local
microenvironment. Cel/l. (2014) 159: 1312-26. doi: 10. 1016/j. cell. 2014. 11.

018

18. Misharin AV, Morales-Nebreda L, Reyfman PA, Cuda CM, Walter JM,
McQuattie-Pimentel AC, et al. Monocyte-derived alveolar macrophages drive
lung fibrosis and persist in the lung over the life span. / Exp Med. (2017) 214:

2387-404. doi: 10. 1084/jem. 20162152

19. Equiluz-Gracia |, Schultz HH, Sikkeland LI, Danilova E, Holm AM, Pronk CJ,
et al. Long-term persistence of human donor alveolar macrophages in lung
transplant recipients. Thorax. (2016) 71: 1006-11. doi: 10. 1136/thoraxjnl-

2016-208292

20. Gordon S, Taylor PR. Monocyte and macrophage heterogeneity. Nat Rev

Immunol. (2005) 5: 953-64. doi: 10. 1038/nril733

https://assignbuster.com/editorial-alveolar-macrophages-in-lung-
inflammation-and-resolution/



Editorial: alveolar macrophages in lung ... - Paper Example Page 10

21. Divangahi M, King IL, Pernet E. Alveolar macrophages and type | IFN in
airway homeostasis and immunity. Trends Immunol. (2015) 36: 307-14. doi:

10. 1016/j. it. 2015. 03. 005

22. Davies LC, Jenkins SJ, Allen JE, Taylor PR. Tissue-resident macrophages.

Nat Immunol. (2013) 14: 986-95. doi: 10. 1038/ni. 2705

23. Wynn TA, Vannella KM. Macrophages in tissue repair, regeneration, and

fibrosis. Immunity. (2016) 44: 450-62. doi: 10. 1016/j. immuni. 2016. 02. 015

24. Murray PJ, Allen JE, Biswas SK, Fisher EA, Gilroy DW, Goerdt S, et al.
Macrophage activation and polarization: nomenclature and experimental
guidelines. Immunity. (2014) 41: 14-20. doi: 10. 1016/j. immuni. 2014. 06.

008

25. Gundra UM, Girgis NM, Ruckerl D, Jenkins S, Ward LN, Kurtz ZD, et al.
Alternatively activated macrophages derived from monocytes and tissue
macrophages are phenotypically and functionally distinct. Blood. (2014) 123:

el10-22. doi: 10. 1182/blood-2013-08-520619

https://assignbuster.com/editorial-alveolar-macrophages-in-lung-
inflammation-and-resolution/



	Editorial: alveolar macrophages in lung inflammation and resolution
	Author Contributions
	Funding
	Conflict of Interest
	Acknowledgments
	References


