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Macrophages polarization and their role in chronic obstructive pulmonary disease
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Abstract: Macrophages are highly plastic and can be polarized into classical activated macrophages (M1) and alternative activated
macrophages (M2) under the induction of inflammatory factors and regulation of a variety of information molecules. Chronic pulmonary
inflammation and pulmonary parenchyma injury are the main pathological manifestations of chronic obstructive pulmonary disease
(COPD). M1 promotes pulmonary inflammation, whereas M2 inhibits inflammatory response, participates in lung tissue injury and
repair, and swallows and removes pathogenic microorganisms and apoptotic cells. Target intervention in the polarization direction of

macrophages may be a new strategy for COPD treatment.
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Fig. 1. M1 and M2 macrophage polarization. IFN-y alone or in combination with LPS or inflammatory cytokines, such as TNF-o and

IL-10, TGF-B, CCL17,
CCL22 and CCL24

CD206, CD163, Arg-1
FIZZ1, Ym1 and GTR

GM-CSF, can stimulate M1 macrophages production. M1 can produce high levels of ROS and NO, secrete high levels of pro-inflam-
matory cytokines TNF-a, IL-1f, IL-6 and IL-12, highly express iNOS, CD86, TLR4 and MHC-II, and express Th1 chemokine, such
as CXCL9-11 and CCL5. M2 macrophages are usually divided into three subtypes: M2a, M2b and M2c. IL-4 and IL-13 induce M2a
subtype; TLRs or IL-1R induces M2b subtype; M2c subtype is induced by IL-10, TGF-f and glucocorticoids. M2 usually expresses
CD206, CD163, Arg-1, FIZZ1, GTR and Yml. In addition, M2 can secrete anti-inflammatory IL-10, TGF-p and some biological
synthetases such as MMP-12, and express Th2 chemokines such as CCL17, CCL22 and CCL24. IFN-y: interferon-y; LPS: lipopoly-
saccharide; TNF-a: tumor necrosis factor-o; GM-CSF: granulocyte-macrophage colony stimutaing factor; ROS: reactive oxygen
species; NO: nitric oxide; IL-1p: interleukin-1B; iNOS: inducible nitric oxide synthase; TLR4: Toll-like receptor 4; MHC-II: major
histocompatibility complex II; CXCL9-11: CXC chemokine ligand 9-11; TLRs: Toll-like receptors; IL-1R: IL-1 receptor; TGF-p:
transforming growth factor-f; CD206: mannose receptor; CD163: scavenger receptor; Arg-1: arginase-1; FIZZ1: found in inflam-
matory zone 1; GTR: galactose-type receptors; Ym1: chitinase-like secretory lectin, MMP-12: matrix metalloproteinase 12; CCL22:
CC-chemokine ligand 22.
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Fig. 2. M1, M2 polarization-related transcription factors. LPS binding to TLR4 induces activation of downstream NF-kB p65 through
MyD88 pathway, thus promoting the polarization of macrophages to M1. While IFN-y binds to its receptor to activate JAK1/2, which
in turn activates STAT1/3. STAT1/3 induces activation of NF-kB p65 to stimulate specific M1 marker genes expression, and this
process is inhibited by SOCS3, which can negatively regulate NF-kB by binding to JAK2. In addition, miR-155 is also involved
in specific M1 marker genes expression. IL-4 and IL-13 can promote the phosphorylation of STAT6 through JAK1/2/3. Activated
STAT6 activates IRF4, which triggers the expression of specific M2 marker genes (such as MR, FIZZ1 and Yml). In addition, IL-4
and IL-13 up-regulate specific M2 marker genes through (PIP3/PI3K/Aktl/mTOR) pathway. LPS: lipopolysaccharide; TLR4: Toll-
like receptor 4; NF-kB p65: nuclear factor-«B p65; MyD88: myeloid differentiation factor 88; IFN-y: interferon-y; JAK1/2: Janus
kinase1/2; STAT1/3: signal transduction and transcriptional activating factor1/3; SOCS3: suppressor of cytokine signaling 3; miR-
155: microRNA-155; IL-4: interleukin-4; STAT6: signal transduction and transcriptional activating factor 6; IRF4: interferon regulatory
factor 4; MR: mannose receptor; FIZZ1: found in inflammatory zone 1; Yml: chitinase-like secretory lectin; PIP3: phosphatidylinositol-3
phosphate; PI3K: phosphatidylinositol-3 kinase; Akt1: serine threonine kinase; mTOR: mammalian target of rapamycin.
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Fig. 3. The role of M1 and M2 in lung tissue of chronic
obstructive pulmonary disease (COPD) patients. M1 may play
an important role in the early stage of COPD by releasing pro-
inflammatory cytokines to expand the inflammatory response in
the lungs and eliminate invasive microorganisms. In the middle
and late stage of COPD, the lung parenchyma injury (emphysema)
was caused by the persistent inflammatory reaction. At this time,
M2 plays the role of tissue repair and phagocytosis of the residual
apoptotic substance, inhibits the continuous expansion of the
inflammatory reaction and delays the development of the course
of COPD.
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