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Emerging role of macrophage polarization in disease

Yice Xu
School of Life Scieces, South China Agricultural University, Guangdong, China

xyc@stu.scau.edu.cn

Abstract. Macrophages, present in many human cells and play an essential duty in human body,
Triggered macrophages are usually separated into 2 phenotypes, depending on a range of aspects.
M1 produces a pro-inflammatory feedback, while M2 is anti-inflammatory and fixings cells. In
infection, macrophages polarize to M1 to eliminate virus and then to M2 to fix tissues.
Excitement of macrophage polarization regulates immune function. Macrophage polarity plays
a significant role in infections, inflammatory conditions, and hatreds; its monitoring is crucial
for the prevention and therapy of condition. Consequently, this evaluation summarizes the
governing mechanisms of macrophage polarization, suggesting that macrophages are a
heterogeneous course of cells that can rapidly change their phenotype in feedback to exterior
signals. Among them, TLR4 receptor sets off pro-inflammatory actions with MyD88 and TRIF
signaling pathways.Notch signaling pathway controls mobile features and may contribute in
macrophage apoptosis and M1/M2 polarization.JAK/STAT signaling path manages macrophage
inflammatory feedbacks and advertises M 1-type pro-inflammatory feedbacks and M2-type anti-
inflammatory differentiation. Exhibits the function of macrophage polarization in inflammatory
conditions such as sensitive bronchial asthma, atherosclerosis, and excessive weight. The crucial
duty of macrophages in illness pathogenesis and inflammatory guideline is explored.
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1. Introduction

Macrophages are extensively present in the body and play an essential role in keeping homeostasis and
standing up to invasion by pathogens. Macrophages are present in various tissues, activated
macrophages polarize according to their atmosphere to develop various macrophage subtypes, normally
split into 2 types. M1 macrophages can producing a proinflammatory feedback and produce
proinflammatory-associated factors. On the other hand, M2 macrophages are able to create an anti-
inflammatory reaction and repair service harmed tissue to fight inflammation.

M1 Macrophages moderate tissue damages and trigger inflammatory responses. They alter
dynamically at various phases of wound recovery. Penetrating macrophages demonstrate an M2
phenotype early in lesion healing, and their reduction prevents the production of highly vascularized,
mobile granulation and cell scarring. M2 macrophages play a crucial role in the removal of inflammation.
M2 macrophages are the primary source of lipid conciliators in the process of edema resolution and
produce anti-inflammatory cytokines that aid in tissue resolution. Under normal circumstances, M1 and
M2 macrophages maintain a dynamic equilibrium, and an imbalance in M1/M2 polarization can disturb
the differentiation balance of lymphocyte subsets or alter their resistant clearance characteristic, both of
which contribute to disease onset and progression.
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2. Macrophage development

2.1. Source of macrophages

Macrophages are members of the mononuclear phagocytic system that grow from hematopoietic stem
cells in the bone marrow, the majority of which evolve into monocytes required for natural and flexible
resistance [1]. Bone marrow hematopoietic stem cells undergo continuous differentiation, progressing
from progenitor cells to erythrocytes, megakaryocytes, myelocytes, and lymphocytes; myelocytes can
then differentiate into monocytes and mature in the circulation [2]. Recent researches have actually
revealed that tissues bordering macrophages go through mitosis prior to birth, which decreases adhesive
plaques and macrophage seepage, which may represent macrophage entrance into tissues during
beginning life [3].

Macrophages are vital effect cells of the innate body immune system. There are 2 primary sources
of macrophages that exist side-by-side and operate together in cells: resident macrophages existing
before birth and macrophages that are constantly replenished in the adult years through flowing
monocytes [4]. At first, it was assumed that, gradually, extremely plastic distributing monocytes would
slowly replace resident macrophages after birth. Nonetheless, current researches have actually shown
that, although resident macrophages are continuously replenished via the blood circulation throughout
their adult years, a fraction of embryonic-derived macrophages still exist in numerous physiological
environmental specific niches and play corresponding helpful roles [4].

2.2. Macrophage polarization phenotype and markers
Macrophages are highly flexible innate immune cells in microbes and play an important role. Normally,
macrophages are divided into M1 and M2 phenotypes. There is also the MO state, which is not polarized.
Recently, it has been discovered that macrophages may be divided into MO and M2 phenotypes in
healthy and balanced adults. Furthermore, the M2.2 collection, which shares the M2 pen, is highly
similar to the MO phenotypic and could represent the intermediate condition between M0 and M2 [5].
For example, in animals with DSS-induced colitis, the RAW?264.7 cell line was found a decrease in
M1 macrophages while with an increase in M2 macrophages, demonstrating that macrophages can
change their phenotype and transition from M1 to M2 under certain conditions. However, the treatment
of this etiology and its significance in disease development have yet to be determined [6]. Polarized
macrophages create two unique phenotypes that generate separate cytokines implicated in several
pathophysiological procedures [7]. In preliminary research, normal macrophages are typically
recognized by CD63, CD68, and F4/80 .

3. Regulatory mechanisms of macrophage polarization

Macrophages are a heterogeneous pool of cells that quickly change their phenotype in action to exterior
signals (microenvironment, inflammatory stage and exposure to cytokines, etc). The policy of its
polarization and function is controlled by a selection of elements, involving the policy of numerous
signaling paths transduction and transcriptional networks.

3.1. TLR4

The TLR4 receptor can be activated by LPS and multiple endogenous DAMP in Gram-negative bacteria,
triggering a pro-inflammatory response to combat infection. Assisted by LPS-binding proteins and
CD14, TLR4 induces the production of inflammatory factors through the MyD88 and TRIF signaling
pathways. This response is critical in defense against bacterial infections, but overactivation may lead
to sepsis and chronic inflammation-related diseases.Overactivation of TLR4 has been associated with
metabolic diseases, autoimmune disorders, and cancer, among others, whereas moderate regulation of
TLR4 signaling prevents tissue damage resulting from an overly strong inflammatory response.
Secondly, there is a cross-link between the TLR4 pathway and other signaling pathways, such as the
activation of JAK2/STAT by the LPS-induced TLR4 pathway, which is an important pathway that
mediates M1 polarization [8].
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3.2. Notch

The Notch signaling path is actively involved in regulating cell distinction, proliferation, survival, and
growth. Notch signaling regulates proximal cell communication via receptor-ligand communications
entailing 4 Notch receptors (Notch 1-4) and five ligands. The path plays an important function in the
development and feature of immune cells, yet its function in macrophages is unclear. Macrophages are
key effector cells of natural immunity however are likewise targets of pathogens such as MAP.The
Notch signaling path may be associated with defense mechanisms in reaction to MAP infection by
controling macrophage apoptosis and M1/M2 polarization.Notch-1 signaling, by controling the
expression of MCL-1 and IL-6, may play a vital function in the immune feedback of macrophages and
influence MAP apoptosis and inflammatory feedbacks throughout infection [9].

3.3. JAK/STAT

Janus kinases (JAKs) are a class of non-receptor tyrosine protein kinases that regulate mobile
biological functions by initiating downstream genes using signal transducers and activators of
transcription (Statistics). The JAK-STAT path is very conserved throughout evolution, and mutations
and aberrant expression of the genetics have actually been connected with illness such as inflammation,
immunodeficiency, and growths. The pathway contains tyrosine kinase-related receptors, JAKs and
STATs. The JAK-STAT signaling pathway plays a crucial role in the inflammatory differentiation and
law of macrophages. By turning on the JAK-STAT path, pro-inflammatory variables promote
macrophage polarization towards the M1 kind and improve inflammatory actions. In contrast, inhibition
of the JAK-STAT pathway decreases M1-type polarization and secretion of proinflammatory aspects,
undermining the inflammatory reaction and ameliorating disease-related signs. In contrast, the JAK-
STAT path was also associated with macrophage M2-type polarization and anti-inflammatory
differentiation, specifically through the activation of JAK1-STAT3 and STAT6, which promoted the
expression of anti-inflammatory elements and inflammation elimination. M1 macrophages are closely
related to phosphorylation of STAT1, and M2 polarization is generally based on the boosted expression
of STAT3, STAT6 and suppressor of cytokine signaling (SOCS). In general, the JAK-STAT path has a
twin duty in the law of macrophage inflammatory responses, both pro-inflammatory and anti-
inflammatory, and its particular system still calls for refresher course [10].

4. Macrophage polarization in disease

The inflammatory response is an essential biological protection against trauma and infection. In
inflammatory conditions, the inflammatory procedure is mediated and kept by macrophages in the outer
blood and synovial tissue.

M1 macrophages are pro-inflammatory cells defined by high expression of MHC class II, CD80,
CD86, CD38, and TLR4, and produce both inflammatory cytokines and chemokines to eradicate virus.
Upon loss of self-tolerance, inflammation might advance right into a persistent maladaptive immune
response. CD80/ CD86 are co-stimulatory particles that bind to CD28 to enhance level of sensitivity to
T-cell stimulation.TLRs belong to a family of receptors associated with recognizing microorganisms.
M2 macrophages play a crucial role in tissue repair work and anti-inflammatory procedures by
expressing certain pens such as CD163, CD206, and MerTK to support proliferation, injury healing, and
minimize swelling. These macrophages create IL-10 and TGFf, which advertise immunomodulation
and tissue repair. Additionally, macrophages vary in their metabolic account, with M1 preferring
cardiovascular glycolysis and M2 favoring oxidative phosphorylation. In inflammatory diseases, a
hypoxic atmosphere can bring about macrophage polarization towards the M1 phenotype, raising the
risk of associated tissue damage.

4.1. Atherosclerosis

Atherosclerotic cardiovascular disease (ASCVD) is an important reason for global morbidity and death
and is very closely related to vascular inflammation and the duty of macrophages [11]. Macrophages
form foam cells by consuming lipoproteins, promote plaque development and take part in the
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inflammatory response. Macrophages have actually generally been categorized right into pro-
inflammatory M1 and anti-inflammatory M2 kinds, but this categorization is an oversimplification.
Atherosclerotic plaque development is connected with oxidation of low-density lipoprotein (LDL) in
the blood; oxidized LDL problems vascular endothelial cells, generating movement of monocytes and
generation of macrophages. At the plaque site, macrophages polarize to the M1 type by phagocytosis of
oxidized LDL and inflammatory signals from the TLR4 signaling pathway to create pro-inflammatory
cytokines such as IL-1PB, causing plaque development and rupture. Anti-IL-1 antibodies such as
canakinumab decrease unfavorable cardiovascular occasions but increase the risk of significant
infections. Inflection of the M1/M2 balance to promote macrophage polarization toward the M2 type is
thought about a potential healing strategy, e.g., the statin Rosuvastatin boosts patient problem by
modulating macrophage polarization.ASCVD 1is a persistent, persistent inflammatory procedure in
which macrophages create foam cells in plaques, drive plaque growth, and through the secretion of pro-
inflammatory cytokines and reactive substances maintains local swelling, leading to very easy rupture
of complex plaques. Decreased macrophage movement hampers resolution of the inflammation, bring
about the formation of a lethal core. Effective treatment calls for inflection of swelling by immune cells
such as macrophages to manage sores in the vessel wall surface.

4.2. Obesity
Excessive weight has ended up being a major international public health problem, it is strongly related
to hypertension, kind 2 diabetic issues mellitus and hatred, but also carefully pertaining to bone and joint
illness, cancer and neurodegenerative conditions [12]. Hence, obese populaces are much more polarized
to M1 macrophages, whereas lean populaces are a lot more polarized to IL-10- and Arg-1-producing
M2 macrophages

Nonetheless, M2 macrophages release IL-10, which is an anti-inflammatory cytokine. It has been
revealed that IL-10-deficient computer mice have increased insulin sensitivity and glucose resistance.
As a result, M2 macrophages are normally beneficial for fat metabolism but not always for glycemic
control, which is frequently connected with weight problems and may be a novel target for diabetes
treatment [13].

4.3. Anaphylactic asthma

Bronchial asthma is one of one of the most prevalent respiratory system tract ailments in children, with
allergic bronchial asthma bookkeeping for greater than 80% of cases. Acute and persistent respiratory
tract swelling is a famous pathogenic hallmark of allergic bronchial asthma, characterized by the
existence of inflammatory cells, hypertrophic cells, eosinophils, macrophages, lymphocytes, and
neutrophils. Edema in the submucosal cells, goblet cell hyperplasia, and raised air passage secretions.
Pathological changes in air passage anatomy, such as airway smooth muscle spreading, epithelial cell
mucus metaplasia, deposition and fibrillation of subepithelial collagen, and cellar membrane layer
enlarging, are produced by the return or determination of airwayitis..

Lung macrophages play a crucial duty in asthmatic airway inflammation. Macrophages can either be
differentiated from blood monocytes or multiply from resident macrophages and exhibit inflammatory
and anti-inflammatory features Pulmonary macrophages are a heterogeneous population consisting of
alveolar and interstitial macrophages. Research studies have shown that monocyte-derived alveolar
macrophages (Mo-AMs) play a vital duty in fibrosis. The feature of the interstitial macrophages (IMs)
subpopulation is generally to preserve respiratory immune homeostasis. In allergic reactions, monocytes
are hired in large numbers and Mo-AMs are enhanced, advertising acute inflammation, whereas resident
alveolar macrophages (TR-AMs) reduce inflammation. New techniques provide devices to examine
macrophage polarization and function in bronchial asthma [14].

Macrophage polarization is a dynamic process in which macrophages reveal various useful
phenotypes in reaction to various microenvironmental signals. In bronchial asthma, irritant direct
exposure triggers lung epithelial cells and natural immune cells, generating macrophage M1 or M2
polarization.The M1 type is generated by LPS and IFN-y, etc, is proinflammatory, correlates with Thl
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and Th17 responses, and is primary in nonallergic asthma.The M2 kind is caused by IL-4, IL-13, and so
on, is anti-inflammatory, correlates with Th2 actions, and is the predominant allergic asthma
macrophages.M1 macrophages are connected with serious asthma pathology, whereas M2 macrophages
are substantially boosted in allergic asthma and connect with eosinophils and various other
immunomodulatory cells. The M1/M2 paradigm of macrophage polarization has helped to comprehend
the mechanisms of asthma beginning and provides a possible target for asthma therapy.

5. Conclusion

Macrophage polarization is closely related to the incident and advancement of a selection of autoimmune
conditions. M1 macrophage hyperpolarization can advertise disease development, and inhibition of M1
or M2 macrophage polarization can improve disease growth and enhance the body's immune policy.
Throughout the years, academic theorizing regarding the beginning of tissue macrophages has changed
from the mass flowing monocyte teaching to the beginning teaching.At the same time, the categorization
of macrophages has ended up being much less evident with increasing research study and with further
evidence of macrophage phenotypic and practical diversification, it is no longer appropriate to
distinguish between inflammatory and anti-inflammatory procedures [4]. Finally, managing the
polarization of macrophages plays an important role in the prevention and therapy of autoimmune illness.
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