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Abstract: Osteoarthritis (OA) is the most common chronic joint disease and the main cause of pain and disability in adults 

(typical clinical OA characteristics), and women are more predisposed to this disease than men. About 400 million people 

worldwide and more than 100 million in China suffer from arthritis. OA was named the 11th largest contributor of mortality 

in the world, with a disability rate of as high as 53%, and is among the three major killers threatening the health of the elderly. 

Colloquially, OA is called the “number one disabling disease of the 21st century.” It is the main reason for the malfunctioned 

mobility of the elderly. Generally, women and men start to have OA at 40 and 50, respectively. Incidence rates increased 

dramatically between the ages of 55 and 60. The prevalence rate among older persons over 70 years of age is almost 80–90%. 

In addition, the disease is a chronic progressive disease, which can not only lead to the decline of life function and the reduction 

or even loss of quality of life, but also has an important and huge impact on health care and social costs. This disease may 

also demand higher economic requirements of the affected families. Until now, since the pain mechanism of the disease is not 

clear, there are no effective treatment methods, and surgical joint replacement is the only choice to treat the end-stage disease. 

This paper focuses on the role of macrophages in OA development, with particular attention to the occurrence of pain and 

possible mediators involved. 
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Many studies have confirmed the existence of inflammatory reaction in the synovium of patients with 

osteoarthritis (OA), and the severity of synovitis is closely related to the severity of OA and the progression 

of the disease. Synovitis refers to the inflammatory reaction occurring in the synovium of the joint. Patients 

with OA suffer from pain, and possible mediators are involved in the development of OA [1-3]. It is due to 

occurrence of inflammatory changes. The recognized pathological changes are the proliferation of synovial 

cells and blood vessels and the infiltration of inflammatory cells [4-6]. Macrophages are the main 

inflammatory cells in synovial tissue, and the proinflammatory factors and cartilage matrix degradation 

enzymes are found to be important factors that aggravate OA and accelerate joint degeneration [7-9]. Many 

studies have confirmed the existence of macrophages with different activation states in synovial tissues of 

patients with OA, and these macrophages play an important role in the development of OA [10-18]. Therefore, 

we need to understand the role of synovial macrophages in the occurrence and development of OA, which 

is particularly important for the understanding of OA and its future treatment. 

Macrophages play an important role in osteoarthritis through phagocytosis and acquiring plasticity in 

phenotype and function, which refers to the transformation from one phenotype to another after stimulation 

by different molecular patterns. The polarization of macrophages mainly includes two classical activation 

pathways, M1 (classical activated macrophages) and M2 (selective activated macrophages), which play 
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different roles in human body. M1 type induces proinflammatory effect, and Toll-like receptors (TLRs) and 

interferon gamma (IFN-γ) are stimulated to express inducible nitric oxide synthase (iNOS), CD86 and other 

genes. Upregulation of inflammatory pathway factors, such as interleukin (IL)-1, IL-6, IL-12, tumor 

necrosis factor alpha (TNF-α) and cyclooxygenase 2 (COX-2), participate in and aggravate inflammatory 

response as well as accelerate cell clearance. M2 type is mainly anti-inflammatory through IL-4- and/or IL-

13-induced release of IL-10 and transforming growth factor beta (TGF-β) that are involved in inflammation 

regression, and is conducive to wound healing, and promotes tissue remodeling. M2 can be divided into 

two types according to its function. M2a can promote cell proliferation and migration; M2b promote cell 

maturation; M2c accelerate inflammatory regression; M2d can promote angiogenesis [19-21]. The 

polarization mechanisms of M1 and M2 types are currently unclear. It is recognized that the main known 

factors are non-associated tyrosine protein kinase/signaling and transcription activator (JAK/STAT), 

interferon regulatory factor (IRF), notch and phosphatidylinositol-3-kinase (PI3K)/protein kinase B (Akt), 

etc.[22] More importantly, the polarization conversion of macrophages requires a variety of factors and 

multiple pathway interactions to achieve, and it is an extremely complex process. The known polarization 

pathways include JAK/STAT signaling, PI3K/AKT signaling, JNK signaling, MAPK signaling and NF-κB 

signaling. The JAK/STAT pathway uses four JAK (another kinase or Janus kinase), namely JAK1, JAK2, 

JAK3 and Tyk2, plus 7 transcription factor STAT, namely STAT1-4, STAT5A, STAT5B and STAT6; RF-

M1 and RF-M2 activation of receptors in JAK/STAT pathways. Firstly, JAK/STAT pathway mainly 

polarizes macrophage M1/M2 through SOCS1 and SOCS3 proteins. Among them, IL-4 activates SOCS1 

synthesis to prevent STAT1 blocking, thereby preventing the formation of M1 phenotypes. IFN-γand 

TLR4 ligand activate SOCS3 synthesis, block STAT3, thus preventing the formation of M2 phenotypes. 

Meanwhile, STAT6, M2 phenotypic transcription factors SOCS1 activates SOCS3-activated M1 

phenotypic transcription factor 1 STAT. Second, JNK pathway is activated by growth factor receptor, 

cytokine receptor and G protein-related receptor, which can not only increase the expression of pro-

inflammatory genes, but also activate the SMAD3 of M2 phenotypic transcription factor. There are several 

main manifestations: (i) controlling macrophage responses to growth factors, cytokines, fatty acids, and G 

protein-related receptor ligands; (ii) participating in the expression of macrophages into M1 phenotypes; 

and (iii) activating M2 phenotypic transcription factors SMAD3, thereby limiting the formation of M1 

phenotypes. PI3K/Akt-dependent pathway expresses M1 phenotype through Akt2 and M2 phenotype Akt1 

expression. PI3K is activated by cytokine receptors and TLR to produce phosphatidylinositol-3,4,5-

triphosphate (PIP3) and activate protein kinase. Akt1 promotes the formation of M2 phenotypes, while 

Akt2 promotes the formation of M1 phenotypes mainly by increasing the expression of iNOS and TNF-α 

genes of the phenotype. The free NF-κB is transported to the nucleus to activate the genes involved in 

inflammation, immune response and cell growth. In addition, IκB genes can be activated to limit the entry 

of excessive NF-κB into the nucleus, so as to achieve the purpose of excessive inflammation. Most of the 

time, TLR/NF-κB signaling pathways are activated in macrophages M1 phenotypes, increasing pro-

inflammatory cytokine production and reducing anti-inflammatory cytokine production to resist microbial 

invasion [23]. 

Macrophage mobile inhibitory factor (MIF) is produced by activated T lymphocytes, which can inhibit 

macrophage migration and play an important role in human inflammation and immune response system. 

MIF has been found to play an important role in the repair of chondrocytes. The study found that the MIF 

and IL-1β in synovial fluid of knee osteoarthritis (KOA) patients were positively correlated, and the 

expression of IL-1β increased with the severity of the KOA. Therefore, MIF may be an important factor in 

increasing inflammation of KOA, promoting cartilage degeneration and reducing synovial fluid in joints 
[24]. As we all know, the macrophage activation function of macrophage suppressor (MIF) mainly includes 

the role of macrophage adhesion, diffusion migration, phagocytosis and promoting the killing of cancer 
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cells. Among them, monocytes and macrophages are important sources of enrichment and play an important 

role in regulating OA. Macrophage inhibitors play a proinflammatory role by stimulating a range of 

cytokine expression, nitric oxide release, and expression of fibroblast matrix metalloproteinases. In addition, 

it can antagonize the anti-inflammatory and immunosuppressive functions of pituitary glucocorticoids and 

regulate the degree of inflammation. It can inhibit the random migration of macrophages and monocytes, 

and make them aggregate, proliferate and secrete some cytokines at the inflammatory site. Aggregation of 

macrophages is partially achieved by chemokine (C-C motif) ligand 2 (CCL2) release and induction of 

other inflammatory factors, such as adhesion molecules and tumor necrosis factor production. MIF interact 

with inflammatory factors, Inflammatory mediators, such as NF-κB and TNF-α, promote increased 

expression. MIF, in turn, can secrete inflammatory cytokines, such as TNF-α, IL-6, and IL-1β, that are 

involved in the regulatory process of the inflammatory response [25]. 
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