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Introduction
In vitro, macrophages can be easily divided into two types of 

polarization according to their phenotype and secreted cytokines, 
namely, the classically activated M1 type and the alternatively 
activated M2 type macrophages. The polarization typing of 
macrophages is widespread in most tissues such as skin, fat, 
intestine, liver, and tumor, and has a guiding significance for the 
prognosis of some tumors. Various matrix factors in the tissue can 
have a significant impact on the polarization of mmacrophages, 
which in turn can have an important impact on the recovery and 
treatment of various diseases.  This is a review for macrophage 
origin, polarization typing as well as its impact on diseases and 
could be concluded as below: 

The Origin of Macrophages

Macrophages were originally identified in the late 19th 
century by Metchnikoff through their phagocytic properties and 
are ancient cells in the development of animal phylogenes. In adult 
mammals, they are found in all tissues and they perform excellent 
anatomical and functional diversity. Although several macrophage 
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classification attempts have been made, the most successful 
definition is the mononuclear phagocytic system (MPS), which 
contains these phagocytic cells and their Bone Marrow (BM) 
progenitor cells. In the MPS mode, adult macrophages are defined 
as the terminal cells of the mononuclear phagocytic lineage, 
which are derived from circulating monocytes produced by BM, 
travel through the blood to all parts of the body, and eventually 
become metastatic to the tissue macrophages cells [1].

Classification and Regulation of Macrophages

Currently the most classic is the definition of macrophages 
by cytokines in vitro culture media: pro-inflammatory (M1) and 
anti-inflammatory (M2) [2]. In normal tissues, the proportion of 
M1-like/M2-like macrophages is highly regulated and increases 
during inflammation [3]. Gene expression profiling revealed that 
M1 macrophages can release high levels of pro-inflammatory 
cytokines, including tumor necrosis factor-α (TNF-α), which is 
also known as monocyte chemo attractant protein-1 (MCP-1), 
IL- 6, inducible nitric oxide synthase (iNOS), IL-1, IL-12, type I 
IFN, CXCL1-3, CXCL5 and CXCL8-10 [4]. M2 macrophages have 
been shown to express high levels of dendritic cell-associated 
C-type lectin-1 (dectin-1), mannose receptor (CD206), scavenger 
receptor A, scavenger receptor B- 1, CD163, CCR2, CXCR1 and 
CXCR2  and produced a large number of IL-10, YM1, macrophage 
and granulocyte inducer type 1 (MgI1) and arginase-1, 
highlighting their remodeling in tissues Correlation with the 
repair process [5, 6]. Macrophage polarization may be affected by 
microRNAs, DNA methylation and histone modifications, which 
are responsible for altered, cell signaling and gene expression 
during M1 or M2 polarization [7]. The main difference between 
these two cells is that in M2 macrophages, arginine metabolism 
is converted to ornithine and polyamines, whereas in M1 cells, it 
is converted to NO and citrulline [8]. The ornithine produced by 
M2 can be synthesized by polyamines and collagen. Fibrosis and 
other tissue remodeling functions promote cell proliferation and 
repair, while NO produced by M1 is an important effector molecule 
with microbicidal activity and cell proliferation inhibition ability 
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[9, 10]. Interestingly, polyamine production is reported to be a 
driving factor for M2 polarization and M2 is the normal “default” 
procedure used by tissue macrophages [11, 12].

Gene Regulation of Macrophages

Under the stimulation of lipopolysaccharide, peroxisome 
proliferator-activated receptor δ is regulated by miR-9 in 
primary human monocytes, which plays an important role 
in the development of macrophages toward the M1 subtype 
[13]. In particular, miR-155 (small non-coding RNAs (called 
microRNAs, miRs)) and miR-223 are involved in the regulation of 
macrophage activation by targeting SOCS1, C / EBP (a marker for 
M2 macrophages) and Pknox1 [14]. Over expression or silencing 
of miR-155 has been shown to drive macrophages to the M1 or 
M2 phenotype, respectively, confirming that miR-155 plays an 
important role in regulating Akt-dependent M1/M2 polarization of 
macrophages. It was also shown that miR-155 down-regulates IL-
13Rα1 expression and inhibits polarization to the M2 phenotype 
[15, 16]. A study by Lin et, al. demonstrated that activation of 
type I interferon and the downstream interferon-I receptor-
JAK1-STAT1 signaling cascade inhibit miR-145 expression in 
macrophages by direct inhibition of targeted genetic IL -10 gene 
silenced histone deacetylase 11 [17]. As a result, increasing IL-
10 production leads to inhibition of the inflammatory response, 
which may tilt the phenotype of macrophages [18, 19].

Group Regulation and Protein Modification of Macrophages

DNA methylation has a significant effect on the polarization 
behavior of macrophages [20]. Kruppel-like transcription factors 
have been identified as controllable macrophage polarization, 
including Kruppel-like transcription factors 6 and 10 [21]. Kruppel-
like transcription factors synergize with STAT6 to induce M2 gene 
signature and are required for the activation by integrating NF-
κB A co activator to inhibit M1 type targets. The expression of 
various genes encoding enzymes is responsible for catalyzing and 
modifying post-translational modifications of various histones, 
such as methyltransferases, demethylases, acetyltransferases 
and deacetylases, which differentiates state of expression of M1/
M2 [22].  Specific methyltransferase SET and pro-inflammatory 
cytokine (TNF-α and IL-6) promoters containing MYND domain 2 
have histone 3 lysine 4- and H3K36 dimethylation, which leads to 
M1 decreased  polarization and signaling of NF-κB and ERK [23]. 
Analysis of specific histone modifications indicated that they 
positively and negatively had regulated M1 / M2 gene expression 
as predictors of M1 / M2 polarization [7]. In fact, it is a limited 
attempt to use M1/M2 polarization to define the complexity and 
plasticity of mononuclear phagocytic cells.  In vivo, macrophages 
can adopt multiple functional phenotypes depending on subtle 
and continuous changes in the tissue microenvironment. 
Therefore, the M1 / M2 polarization of macrophage function 
can be used as a simplified conceptual framework for describing 
continuums of different functional states, where the M1 and M2 
activation states are not a subset of the original definition, but 
represent extreme values [4, 24].

Origins of Macrophages

However, simply defining macrophages as M1/M2 is 
inadequate because macrophages have several origins during 
ontogeny. In mice, macrophages develop from the primitive 
ectoderm of the yolk sac on day 8 of the embryo, but not 
form mononuclear progenitor cells.  This primordial system 
is followed by a definitive hematopoiesis in the fetal liver, 
initially by hematopoietic progenitor cells from the yolk sac 
and subsequently from the embryonic aorta the blood-derived 
endothelium of the glomerular region of the kidney. Thereafter, 
during embryogenesis, the fetal liver is the source of definitive 
hematopoiesis that produces circulating monocytes. Consistent 
with postnatal bone formation, fetal liver hematopoiesis declines 
and is replaced by bone marrow hematopoiesis [25]. Pedigree 
tracking experiments have shown that microglia is mainly 
derived from yolk sac progenitor cells, while Langerhans cells 
are derived from the yolk sac and fetal liver [26]. Related studies 
have shown that tissue macrophages are composed of different 
mixed populations such as embryonic-derived macrophages and 
bone marrow-derived blood mononuclear cells [27]. In most 
tissues, tissue macrophages do not require continuous input from 
circulating monocytes and can be self-renewing to some extent 
[28, 29]. For an example, Langerhans cells in the skin present 
dual characteristics of dendritic cells and macrophages and are 
maintained primarily by self-renewal [30]. In many tissues of 
the body, different tissue  macrophage populations are mainly 
derived from the yolk sac during embryogenesis, fetal liver and 
hematopoietic stem cells, and contribute some macrophages to 
tissues at a later time, but not all [31, 32]. These data indicate 
that at least three macrophages in mice are produced at different 
developmental stages and persist in mature individuals.

Major lineage regulators of macrophages

Decreasing CSF-1 levels result in a decrease in monocyte 
proliferation, thereby maintaining systemic or local cell counts 
to normal levels [33]. Under steady-state conditions CSF-1 
promotes monocyte development and macrophage proliferation 
and is controlled in a negative feedback loop [34, 35]. Tissue 
macrophages can proliferate at low levels, but after macrophages 
are depleted, the proliferation rate is greatly increased [28]. 
There is an evidence that previously split macrophages have the 
same entry into the cell cycle as cells that do not enter the cell 
cycle possibility.  This indicates that all macrophages have the 
same proliferative capacity [26]. The class III transmembrane 
tyrosine kinase receptor is expressed on most (if not all) 
mononuclear phagocytic cells, and reporter mice expressing the 
Green Fluorescent Protein (GFP) from the CSF1R locus indicate 
their relative abundance (5-20% cells) and tissue distribution 
[36]. Furthermore, an initial comparison of homozygous for 
spontaneous null mutations in CSF1R null mice and their 
cognate ligands demonstrated that all phenotypes in CSF1R null 
mice were also expressed in homologous ligand mice, which 
indicates CSF1 has only a single receptor [37]. However, the 
phenotype of CSF1R null mice was more severe than that of CSF1 
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null mice, including complete loss of microglia and Langerhans 
cells in CSF1R null mice indicating the presence of another 
ligand [38]. In fact, Interleukin (IL-34) has a uniqueness but 
overlapping expression pattern with CSF1, so IL-34 is identified 
as an additional ligand for CSF1R [39]. Targeted ablation of IL-
34 results in loss of microglia and Langerhans cells, but has little 
effect on macrophages in bone marrow, liver or spleen [40]. 
Macrophage colony-stimulating factor 1 receptor and IL-34 play 
important roles in the transformation of macrophages. Recent 
studies have shown that CD5L is (CD5 molecular type: a secretory 
glycoprotein, which controls inflammation) the key mechanism in 
the reaction, involved in infection, atherosclerosis and cancer, etc. 
In macrophages, CD5L drives macrophages to polarize towards 
M2 in a manner similar to IL10 [41].

The Effect of Macrophages on Related Diseases

Macrophages not only play an important role in inflammation, 
but also play an important role in tissue damage and repair, 
Alzheimer’s disease, liver damage, blood vessel formation and 
myocardial protection.

After tissue injured, monocytes and macrophages undergo 
significant phenotypic and functional changes. At the onset of 
tissue repair, the maintenance and resolution phases play a key 
role [42]. In a skin model, studies have shown that macrophage-
dependent iron transporter-mediated iron release is required 
for hair growth and effective wound healing under steady-state 
conditions. Which iron transporter deletion will cause iron in 
macrophages retention is responsible for impaired angiogenesis 
and stromal cell proliferation, resulting in delayed skin repair.  
The study found that iron retention in macrophages had no 
effect on leukocyte recruitment and activation and macrophage 
polarization. In this study, iron accumulation does not exacerbate 
the expression of proinflammatory phenotypes in wound healing-
associated macrophages [43]. Macrophage dysfunction can lead 
to abnormal repair, uncontrolled inflammatory mediators and 
growth factors, as well as the production of anti-inflammatory 
macrophage defects, resulting in persistent damage, which 
may eventually lead to the development of pathological fibrosis 
[41]. Studies have suggested that mononuclear cells and yolk 
sac-derived tissue macrophages recruited from bone marrow 
play different roles in different repair stages of some organs. 
For instance, although genetic results mapping studies have 
demonstrated that most macrophages in adult hearts are derived 
from yolk sac and fetal progenitor cells, CCR2 + monocyte-derived 
macrophages drive early inflammatory responses in heart tissue 
after injury primary cells [32].  In contrast, embryonic-derived 
cardiac macrophages are key cells that promote recovery [44].

Jay and colleagues conducted an exciting study showing 
that the expression of receptor-inducing macrophages on bone 
marrow cells 2 is required for the development of Alzheimer’s 
disease. Inflammation of Ly6c + macrophages highly expresses 
trigger receptors on bone marrow cells 2, when the trigger 
receptor activity on bone marrow cells 2 is genetically deleted, 

the Ly6c + group is virtually eliminated, resulting in reducing  
inflammation and improving amyloid and  tau symptoms. 
Therefore, expression of a trigger receptor on bone marrow 
cells 2 has been identified as an important guiding signal in 
the development of inflammatory macrophages, suggesting 
that it may represent a therapeutic target in neurodegenerative 
diseases such as Alzheimer’s disease [45]. Studies have shown 
that oxidative stress is associated with neurodegenerative 
diseases such as Alzheimer’s disease. In addition, post-mortem 
examination of patients with these diseases showed that areas 
of the brain affected by neuro degeneration showed an increase 
in the active oxygen index. Macrophages play an important 
role in inflammation and constitute a major source of reactive 
oxygen species in the human body. Although reactive oxygen 
species were previously thought to be produced primarily by 
tissue macrophages in the brain ie, microglia. Recent reports 
have indicated the important role of peripheral cells, especially 
macrophages, suggesting that they are important for the 
regulation and progression of inflammation [46].

A particularly important source of reactive oxygen species 
is activated macrophages, whose increased production may 
adversely affect the antioxidant-antioxidant balance [47]. In the 
experiment, acetyl cholinesterase inhibitors used as a standard 
for the treatment of Alzheimer’s disease showed possible 
antioxidant activity in macrophages and inhibited the formation 
of reactive oxygen species, thereby achieving a certain therapeutic 
effect [48].

Acute liver failure is one of the rare and life-threatening 
major diseases that most frequently present in patients without 
pre-existing liver disease [49]. In the experiment, HepG2 and 
HL-7702 cells were pretreated with M0, M1 or M2 medium. 
Hepatocyte apoptosis is then induced by human TNF-α/D-GalN. 
Exposure of HepG2 cells to M0 medium or M1 medium had 
no significant effect on apoptosis. However, the frequency of 
hepatocyte apoptosis was significantly reduced in HepG2 cells 
pretreated with M2 medium. Similarly, hepatocyte apoptosis 
was significantly reduced in HL-7702 cells pretreated with M2 
medium. Thus, M2-like macrophages confer strong apoptosis 
resistance to human hepatocytes [50].

Wound angiogenesis is an integral part of tissue repair. In 
wounds by stimulating neovascular sprouting in real time and 
in vivo, studies of mouse and zebra fish wounds indicate that 
macrophages are attracted to wound vessels shortly after injury 
and are closely related to the entire repair process. In addition, 
macrophage ablation leads to impaired neovascularization. 
Macrophages not only play a role in the stage of wound repair, 
but also play a non-negligible role in vascular degeneration. 
Their activation or loss of activation may impair proper vascular 
clearance [51].

Since macrophages play a key role in the pathophysiological 
process triggered by myocardial infarction (MI), monocytes/
macrophages represent potential therapeutic targets for 
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promoting myocardial repair and functional regeneration [52]. 
Sestrins is a family of stress-inducing proteins that regulate 
metabolic homeostasis [53]. In this family of proteins, Sestrin2 is 
important for protecting myocardium from ischemic injury, and 
it acts as an LKB1-AMPK scaffold to initiate AMPK signaling after 
ischemia [54]. The study found that Sestrin2 regulated the role 
of cardiac macrophage inflammatory response after MI. Cardiac 
macrophages up-regulated the expression of Sestrin2 in a mouse 
MI model. Sestrin2 was over-expressed in polarized M1 and M2 
macrophages using a lentiviral transduction system, whereas 
Sestrin2 functions primarily on M1 but not on M2 macrophages.  
Overexpression of Sestrin2 inhibits the proinflammatory 
response of M1 macrophages. Furthermore, in the case of a mouse 
MI model with selective depletion of endogenous macrophages 
and macrophages over expressing exogenous Sestrin2, anti-
inflammatory and repair promoting effects of Sestrin2-expressing 
macrophages were demonstrated [55].

Prospects for Macrophages

Much of the current researches have focused on signaling 
pathways that regulate the production of inflammatory 
mediators and subpopulations, but we are more eager to find 
more solutions to new problems in the context of normal 
homeostasis and acute or chronic disease. At present, we need 
to determine the relevant research areas, which is crucial for the 
next research work of macrophages. First, it is still unclear how 
the status of macrophages in tissues is regulated. For example, in 
situ M2 macrophage proliferation was discovered shortly. We do 
not understand how to restore homeostasis after infection, how 
to take actions to damaged tissue, and the mechanisms involved 
in activating macrophages in situ. In fact, the magnitude and 
diversity of signals and the magnitude of the response required 
to convert macrophages into pro-inflammatory states remain 
unclear. How is the fate of recruited monocytes regulated? What 
happens to excess macrophages in the tissue after depositing a 
large number of newly recruited monocytes?

Macrophages are ubiquitous cells in all major tissues. We know 
that tissue macrophages in many organs have been colonized and 
self-renewing during embryonic development, independent of 
blood mononuclear cells. Under inflammatory conditions, those 
tissue macrophages are replaced by mononuclear cell-derived 
macrophages that are linked and sometimes recruited. The 
function of macrophages in homeostasis and disease depends 
not only on their developmental origin, but also on the tissue 
environment. Macrophages have attracted worldwide attention 
because of their great plasticity and functional diversity. In a 
disease model, it may be that macrophage M1 first exerts anti-
inflammatory effects, clears and phagocytose necrotic and 
apoptotic cells, and then macrophage M2 reconstitutes to promote 
vascular and tissue production. For macrophages Classification, 
there is still much controversy in the academic world, but it is 
clear that the microenvironment and various chemokines in the 
organization have an indelible contribution to the differentiation 
of macrophages. Exploring the mechanisms of macrophages in 

various diseases can sometimes play a crucial role in the disease. 
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