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Abstract: Macrophages are one of the important innate immune cells in human body. Phenotypic 

variability and functional diversity are important characteristics of macrophages, which can be 

polarized under the induction and regulation of different microenvironmental signals. After polarization, 

macrophages further affect the local immune response, and cooperate with various cytokines in pathogen 

and microbial infection, tumor and immune regulation, tissue remodeling and regulation. Therefore, the 

polarization of macrophages and their role after polarization have become a new research hotspot.   
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1. Introduction  

Macrophages are an important component of innate innate immunity, which can activate the acquired 

immune response by releasing a variety of cytokines and participate in the inflammatory response to 

maintain homeostasis of the environment [1]. Macrophage as a malleable and pluripotent cells group, 

under the influence of the local microenvironment in vivo and in vitro factors, according to their 

activation status and function of different type is extremely M1 is classic activated macrophages 

(classically activated macrophage), and M2 type is a type of macrophages (alternatively activated 

macrophage) [2]. M1 macrophages secrete pro-inflammatory cytokines and chemokines, and present 

antigens full-time, participate in the positive immune response, and play the function of immune 

surveillance; M2 macrophages have weak antigen presentation ability and down-regulate immune 

response by secreting inhibitory cytokines such as IL-10 and/or TGF-B, which play an important role in 

immune regulation [3]. Different polarization types of macrophages play different roles in physiological 

and pathological conditions. This article reviews the effects of polarization of macrophages on 

osteogenesis and angiogenesis.  

2. Polarization phenotype of macrophages and inducing factors 

Macrophages are derived from monocytes, which are derived from precursor cells in the human bone 

marrow. Because macrophages are a diverse cell population, there are great differences in inducing 

factors and polarization phenotypes of macrophages in different tissues or in the same tissue.  

2.1. Polarization phenotype of M1 macrophages and inducing factors 

Monocytes can develop into M1 macrophages under the induction of granulocyte-macrophage colony 

stiMulating factor (GM-CSF) [4]. M1 phagocytes are polarized by Th1 cytokines such as IFN-Y, tumor 

necrosis factor-A (TNFα), and pathogen-related molecular patterns such as LPS or endogenous danger 

signals 16. In addition, Janus protein tyrosine kinase, signal transducer and activ ator of transcription 

(STAT) signaling pathway can change macrophage polarization via NF⁃ κB pathway [5]. STATl, STAT3, 

STAT4 and STATL-STAT2 can promote the polarization of M1 macrophages [6]. Interferon-regulatory 

factor (IRF)5 can also control the polarization of M1 macrophages [7]. The virulence factor of 

Porphyromonas gingivalis (c-di-GMP) can interfere with the transcription of TNF-A, IL-6 and IL-23 

genes in macrophages, and the transcription level of c-di-GMP is dose-and time-dependent, so c-di-GMP 

also suggests the characteristics of polarization of M1 macrophages [8]. M1 macrophages are involved 
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in acute proinflammatory response, exerting strong antimicrobial activity and anti-proliferation function, 

and forming reactive oxyg en species (ROS), nitric oxide (NO) and a large number of proinflammatory 

cytokines such as interleukin1(IL-1), interleukin-6 (IL-6), interleukin-12 (IL-12), interleukin-23 (IL-23), 

TNF-α and cyclooxygenase 2 [9].  

2.2. Polarization phenotype of M2 macrophages and inducing factors 

Monocytes can develop into M2 macrophages when cultured with multi-colony stiMulating factor 

(M-CSF) [4]. M2 macrophages are induced by Th2 cytokines such as IL-4 or IL-13. Studies have 

confirmed that in the phosphoinositide3-kinases (PI3k)/Akt signaling pathway, Akt1 can express higher 

levels of iNOS, TNF-α and IL-6 in the deleted macrophages, indicating that Akt1 can promote 

Polarization of M2 macrophages [10]. In JAK-STAT signaling pathway, STAT6 is an important 

transcription factor in M2 macrophage polarization induced by IL-4 or IL-13, and STAT6 activates the 

transcription of genes involved in M2 polarization. [11]M2 macrophages also release angiogenic 

mediators, the anti-inflammatory cytokines interleukin-10 (IL-10) and transforming growth factor-β 

(TGF-β), which can control inflammation, promote tissue remodeling, angiogenesis and immune 

regulation, wound healing, and tumor formation and development [9]. Because M2 macrophages can be 

divided into three subtypes, namely M2a, M2b and M2c[12]. Macrophages induced by IL-4 or IL-13 are 

called M2a, which can produce a large amount of anti-inflammatory cytokine IL-10 and express mannose 

reCeptor (MR) and macrophage galactose type c-type lectin (MGL), which is insensitive to inflammatory 

effects, participates in the removal of killer extracellular pathogen debris, angiogenesis, tissue 

reconstruction and wound healing steps, and promotes Th2 immunity [13]. IC and TLR or IL-1R ligand 

induce the generation of M2b, also known as type Ⅰ activated macrophages, which secrete a large amount 

of IL-10 and a low secretion of IL-12, and uniquely secrete a large amount of inflammatory cytokines 

TNF-α, IL-6 and IL-1, which control the acute inflammation caused by bacterial endotoxin, and promote 

Th2 differentiation and humoral immunity [14]. M2c, also known as inactivated macrophages induced 

by IL-10 and glucocorticoids to differentiate monocytes, can hypersecrete IL-10 and TGF-B to regulate 

and control immune inflammation. [13-14] 

3. Effect of macrophage polarization on osteogenesis 

Macrophages play a bidirectional role in the process of disease and tissue remodeling through their 

different polarization states. Whether these effects are positive or harmful depends on the transformation 

and balance between the polarization state of macrophages and the M1/M2 polarization state. At the 

same time, macrophages secrete a large number of bioactive factors under the action of tissue 

microenvironment, and the types and secretions of these factors are closely related to the polarization 

and functional status of macrophages. A large part of these bioactive factors are reported to be related to 

bone formation.  

3.1. Effect of M1 macrophages on osteogenesis 

Traditionally, M1 macrophages secreted a large number of inflammatory cytokines, such as IL-1β, 

IL-6, IL-12, IL-23, TNF-α, iNOS and ROS. These cytokines promote the differentiation and absorption 

of osteoclasts, resulting in decreased expression of bone mass [15]. Taking IL-1β, IL-6 and TNF-α as an 

example, in the physiological environment, the concentrations of IL-1β, IL-6 and TNF-α increase rapidly 

after tissue trauma to initiate inflammatory reaction and bone repair, and then gradually decrease and 

disappear within 72 hours [16]. Long-term presence or excessive addition of IL-1β and TNF-α in tissues 

or culture systems can strongly inhibit the expression of bone morphogenetic protein-2 (BMP-2) receptor 

and collagen synthesis in host tissues, inhibit the chemotactic migration of osteoblast-related cells, and 

thus hinder bone formation [17-18]. In Gao Shuo etc. [19], however, think that the LPS of inflammatory 

conditions, between macrophages can enhance the migration of mesenchymal stem cells (mesenchymal 

stem cells, MSCs) ability. In recent years, more and more attention has been paid to the relationship 

between M1 macrophages and MSCs. Nicolaidou et al. [20] used the method of in vitro culture to show 

that monocytes and macrophages can achieve osteogenic differentiation of osteoblast precursor MSCs 

through direct cell-cell contact, which may be related to tumor suppressor M(OSM) promoting the 

expression of osteogenic genes through signal transduction and activator of transcription protein 

3(STAT3) pathway, and this pathway is dependentIn the presence of cyclooxygenase 2(cox-2) and 

prostatic cord E2(PGE2). Subsequently, Guihard et al. [21] also proved that M1 macrophages, not M2 

macrophages, produced OSM. PGE2 is a known activator of OSM generation by macrophages, and the 
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paracrine effect between M1 macrophages and MSCs has been gradually proved, that is, after contact 

with MSCs, M1 macrophages release COX-2 to activate PGE2 and activate OSM in M1 to promote 

osteogenesis. In addition, mouse osteoblasts co-cultured with LPS-activated macrophages showed more 

significant calcification in the Transwell system [22]. Omar et al. [23] studied the effect of human 

Peripheral blood mononuclear cells (PBMCs) on human bone marrow mesenchymal stem cells 

(hbMSCs). They suggested that PBMCs conditioned culture base stimulated by LPS could induce 

hbMSCs to enhance bone morphogenetic protein-2 (BMP-2) and Runt-related transcription factor 

2(Runx2) and alkaline phosphatase (ALP) expression promote osteogenic differentiation, but no 

activated or IL-4-treated PBMCs can promote osteogenic differentiation. Lu et al. [24] directly co-

cultured bone marrow macrophages from M0, M1 and M2 mice with mouse bone marrow MSCs, and 

found that all macrophage subtypes promoted bone formation, among which M1 type showed the greatest 

enhancement effect.  

In conclusion, M1 macrophages promote bone growth in the early stage of bone defect repair.  

3.2. Effect of M2 macrophages on osteogenesis 

M2 macrophages can synthesize large amounts of IL-4, IL-10, Arginase, VEGFA, PDGF-BB and 

TGF-β. By producing these anti-inflammatory factors, it promotes tissue repair and wound healing. Yang 

et al. [25] found through co-culture of different subtypes of macrophages and MSCs derived from adipose 

tissue that although M1 macrophages could significantly promote the osteogenic differentiation of co-

cultured MSCs in the early and middle stages of the osteogenic process, significant enhancement of the 

mineralization effect of M1 macrophages on MSCs could not be observed. In contrast, M2-type 

macrophages enhanced the mineralization of co-cultured MSCs, and this ability was proportional to the 

ratio of macrophages to MSCs. Loi et al. [26] have demonstrated that M2a macrophages polarized by 

M1 and osteoblast precursors after 72h have better osteogenic ability than those polarized after 24h or 

48h, which is related to no inhibition of OSM generation after 72h. Although the relationship between 

OSM and M2a macrophages needs to be further studied, the positive effect of M2a on bone regeneration 

is well established. The research results of He et al. also confirmed that Bone marrow mesenchynal stem 

cells (BMMSCs) were cultured by conditioned Medium (CM) generated by cultured macrophages of 

different subtypes, and the results showed that the cultured BMMSCs were cultured by CM M1 

macrophages promoted cell proliferation and matrix formation, but the osteogenic function of MSCs in 

the co-culture system was greatly reduced. M0 macrophages improved the osteogenic ability of the cells, 

but the lamellar ability of the cells was significantly impaired compared with M1 and M2 macrophages. 

In contrast, M2 macrophages not only promote the osteogenic differentiation potential of cultured cells, 

but also show the ability to form robust cell lamellae [27]. Zhang et al. showed that all types of 

macrophages affected the osteogenic differentiation of bone marrow mesenchymal stem cells in various 

ways. M0 and M1 macrophages partially increased the osteogenic effect in the early and middle stages, 

but failed to improve the extracellular matrix mineralization. However, MSCs co-cultured directly or 

indirectly with M2 macrophages can obtain more significant matrix mineralization [25].  

In conclusion, M2 macrophages can promote the bone formation of MSCs, and M2 macrophages play 

an important role in the late healing of bone defects.  

4. Effect of macrophage polarization on angiogenesis 

Macrophages are major vascular effector cells and inflammatory immune cells, which can form a 

large amount of Nitric Oxide Synthase (NOS) and vascular endothelial growth factor (VEGF) , matrix 

metalloproteinase (MMP) and other factors interact to promote neovascularization [28]. In recent years, 

more experiments have shown that it plays a key role in angiogenesis. Experimental results indicate that 

M2 type promotes angiogenesis, while M1 type has the opposite effect and inhibits angiogenesis [29-30].  

4.1. Effect of M1 macrophages on angiogenesis 

According to the study of Spiller et al. [31], M1 macrophages can secrete factors that trigger 

angiogenesis (such as vascular endothelial growth factor) in the process of vascular network sprouting, 

anastomosis and maturation. However, in the study of the effect of macrophage polarization on the 

formation of choroidal neovascularization (CNV), Apte et al. [32] studied the CNV model established 

by IL-10-/- gene knockout mice and found that the CNV area in the lesion area decreased with the 

aggregation of macrophages. Transgenic mice with high expression of IL-10, In the lesion area, 



Frontiers in Medical Science Research 

ISSN 2618-1584 Vol. 4, Issue 11: 47-52, DOI: 10.25236/FMSR.2022.041108 

Published by Francis Academic Press, UK 

-50- 

macrophages accumulated and CNV area increased. The results indicated that M2 polarization occurred 

in macrophages during the formation of CNV, and IL-10 was an important stimulating factor. Once IL-

10 was eliminated, M2-type polarization was affected, the ratio of Ml /M2 type was increased, the M1 

type was relatively increased, and angiogenesis was inhibited.  

4.2. Effect of M2 macrophages on angiogenesis 

M2 macrophages secrete TGF-β and VEGF[33], TGF-β is a key factor in collagen synthesis, and 

VEGF is a central regulator of angiogenesis. Some articles have pointed out that Phd2 factor changes the 

differentiation of macrophages into M2, which is a necessary condition for blood vessel formation [34]. 

M2 macrophages have been shown to promote angiogenesis by expressing and secreting high levels of 

platelet-derived growth factor-BB (PDGF-BB) [35], which is required for the recruitment and 

differentiation of pericytes, smooth muscle-like cells that are in close contact with the endothelium in 

capillaries, where they regulate blood vessels during angiogenesisMorphology and function [36]. 

Migration and angiogenesis of M2-secreted PDGF-BB endothelial progenitor cells (EPCs). It has been 

found to mobilize mesenchymal derived cells, thereby stabilizing neovascularization and coordinating 

osteoblast differentiation [36-37]. New study confirmed that severe ROP disease (ROP) fiber hyperplasia 

in the membrane of the eye have M1, M2, at the same time, most of the M1 cells may from the early 

inflammatory reaction, promoting other cells infiltration and secretion of chemokines, but not local 

inflammatory factor levels increased significantly, but the new blood vessels and local inflammatory 

response to M2Is related to the transformation of tissue repair response [38]. These results suggest that 

macrophages play an important role in angiogenesis. In addition, other studies have found that if 

macrophages are eliminated in mice, TGF_B concentration level, collagen production and blood vessel 

formation all decrease during bone regeneration [33], and in vivo experiments have shown that wound 

healing and bone regeneration ability are inhibited after macrophage knockout [39].  

5. Conclusion 

The phenotype and polarization of macrophages have been thoroughly studied, while the cytokines 

secreted by macrophages polarized into M1 and M2 types and the effects of these cytokines on 

osteogenesis and vascularization need to be further studied. Dentition defect is one of the most important 

diseases in clinical dentistry, and the use of implant to repair the missing teeth has become a big trend. 

Therefore, the osteogenic and vasculogenic reactions of macrophages formed on the surface after implant 

implantation and their secretions combined with bone tissue need to be further studied, so as to provide 

immunological theoretical support for better and faster bone integration between implant and alveolar 

bone in the later stage.  
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