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Abstract

Macrophages are members of the innate immune system; that originate from monocyte cells from the myeloid stem cells. In response to the 
tissue environment, monocytes differentiate into two subtypes of macrophages, M1, or M2. The M1 or classically activated macrophages (CAM) 
aggravate immune responses by releasing reactive oxygen species (ROS), and pro-inflammatory cytokines. The alternatively activated or M2 
macrophages (AAM), are involved in the process of tissue repair by suppressing immune responses. The other type of macrophages are called 
tissue-resident macrophages and they originate from the primitive myeloid precursor cells of the yolk sac. Different types of macrophages 
affect the immune system through various pathways. Rheumatic diseases are inflammatory; disorders with an auto-immune basis that usually 
involve the musculoskeletal system, lungs, kidneys, and eyes. In rheumatoid arthritis (RA), the main affected organs are joints, bones, and 
cartilage; which cause joint swelling, tenderness, redness, decreased range of motion, and morning stiffness. The roles of macrophages in RA 
include the production of cytokines, activation of autoreactive B- and T-cells, and impairment of tissue repair in joints. The main purpose of 
this review article is to further discuss the underlying role of macrophages in inflammatory articular changes in RA patients. 
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Introduction 

Macrophages are one of the important cellular components 
of the immune system, which can affect the immune responses 
by either suppressing or aggravating them. As the monocyte 
cells arise from myeloid stem cells residing in the red bone 
marrow, they circulate throughout the body via blood vessels. 
The monocytes differentiate into macrophages as they enter 
different tissues of the body [1]. According to the immune 
modulators present in the tissue environment, different 
subtypes of macrophages such as M1, or M2 are differentiated 
[2]. For instance, activation of toll-like receptors (TLR) as well as 

the presence of interferon-gamma (IFNγ), and tumor necrosis 
factor-alpha (TNF-α) leads to M1 or classically activated 
macrophages (CAM) differentiation. These cells aggravate 
immune responses by the release of reactive oxygen species 
(ROS), and pro-inflammatory cytokines such as IL-1β, and IL-
6. So, they eventually help the immune system to overcome 
non-self antigens like pathogens and cancerous cells [3,4].

The evolution of the immune system has led to the 
development of an alternative way to activation of 
macrophages. These cells are called alternatively activated or 
M2 macrophages (AAM), which are induced by the presence 
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of IL-4, and IL-13, and signaling through the activation of 
signal transducer and activator of transcription 6 (STAT6). M2 
macrophages are a part of type 2 immune responses involved 
in the process of tissue repair by inducing immune response 
suppression [5]. The different gene expressions of M1 and M2 
macrophages are responsible for the various functions of these 
cells. For instance, IL-10, C-C motif chemokine ligand (CCL)17, 
and CCL22 levels are increased in M2 macrophages. However, 
CD80 and CD86 scavenger receptors are expressed on M1 
macrophages, which induce innate and adaptive responses 
[4]. Primitive myeloid precursor cells arising from the yolk sac 
are another source of macrophages that reside in different 
tissues of the body such as the central nervous system (CNS), 
and liver [5] (Table 1).

Rheumatic diseases are inflammatory disorders that usually 
involve the musculoskeletal system, lungs, kidneys, and eyes 
[6]. A possible underlying cause of these disorders is the 
attack of the immune system on different tissues. For instance, 
the immune system might attack the bony and articular 
structures, as in rheumatoid arthritis (RA). Rheumatoid 
arthritis causes synovitis of joints, destruction of bones 
(osteoporosis), and cartilage around the articular surface, 
which leads to decreased articular space. Joint swelling, 
tenderness, redness, decreased range of motion, and morning 
stiffness can lead to the diagnosis of synovitis [7]. RA usually 
affects the small joints of the hands (proximal interphalangeal 
and metacarpophalangeal) and feet (metatarsophalangeal) 
[8]. Due to the important roles of both monocyte-derived 
and tissue residential macrophages in the inflammatory 
responses and tissue repair processes of affected joints, the 
main purpose of this review article is to discuss the underlying 
role of macrophages in these inflammatory articular changes 
in RA patients. 

Role of Macrophages in Synovitis of RA

In the human body, synovial joints (diarthrosis) connect 

different bones and because of their special structure, they 
allow high ranges of motion at the joint site. The normal 
synovial membranes covering the inner side of the synovial 
joints are thin and composed of lining and sublining layers 
[9]. Barrier-forming macrophages (type A synoviocytes) 
and fibroblast-like synoviocytes (FLS, type B synoviocytes) 
usually reside in the lining layer, regulating and protecting 
the functioning structure of the joint. However, the neural 
and vascular components of the synovium are located 
in the connective tissue of the sublining layer [10]. It was 
demonstrated that interstitial macrophages are derived 
from non-monocyte lineage and are present in the sublining 
layer of the synovial membrane. This group of macrophages 
differentiates into barrier-forming macrophages and, along 
with synovial fibroblasts forms the lining layer. Overall, 
synovial tissue macrophages are classified into two groups 
based on their origin, tissue-resident macrophages and 
infiltrating macrophages (derived from monocytes in the 
blood circulation) (Figure 1).

Tissue-resident macrophages 

Tissue residential macrophages, which are derived from a 
non-monocyte lineage along with synovial fibroblasts, form 
the lining layer of the synovial cavity. Because of their location 
in the synovium, barrier-forming macrophages same as M2-
type macrophages, protect the synovium from inflammatory 
attacks by reducing the infiltration of immune cells through 
tight junctions, suppressing inflammation, and digesting 
infiltrated neutrophils. Due to the differences in gene 
expression of macrophages induced by their surrounding 
immunologic stimuli, different types of macrophages have 
diverse surface markers and roles in immune processes. For 
instance, the tissue-resident macrophages located in the 
synovial lining have CD68, T-cell immunoglobulin and mucin 
domain-containing 4 (TIMD-4), and MER proto-oncogene, 
tyrosine kinase (MerTK) markers. They also express CD163 
and CD206 receptors, which are mainly expressed by M2 type 

Table 1. Comparison of basic characteristics of M1 and M2 macrophages.

M1 macrophages M2 macrophages

Also called the Classically activated macrophages (CAM) Alternatively activated macrophages (AAM)

Immune modulators 
present in the tissue 
environment 

•	 Signaling through the activation of TLR
•	 Presence of IFNγ and TNF-α 

•	 Signaling through the activation of STAT6
•	 Presence of IL-4, and IL-13

Gene expression Highly expressed CD80 and CD86 scavenger receptors. Increased expression of IL-10 CCL17, and CCL22

Overall effects on the body

•	 Aggravation of immune responses and inflammation
•	 Helps in fighting pathogens and cancerous cells
•	 Release of ROS and pro-inflammatory cytokines: 

IL-1β and IL-6

•	 Suppression of immune responses
•	 Reduction the inflammation 
•	 Acceleration of the process of tissue repair 

TLR: Toll-Like Receptor; STAT6: Signal Transducer and Activator of Transcription 6; IFNγ: Interferon-Gamma; TNF-α: Tumor Necrosis Factor-
alpha; IL: Interleukin; CD: Cluster of Differentiation; CCL: C-C motif chemokine Ligand; ROS: Reactive Oxygen Species
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of macrophage [11,12]. The main role of MerKT activation is 
to stimulate signaling pathways that induce phagocytosis of 
non-functional cells by macrophages [13]. It is also found that 
MerKT signaling in macrophages increases the production of a 
group of molecules called specialized pro-resolving mediators 
(SPM), which leads to tissue repair and reduces inflammation 
[14].

The role of the MerTK, CD206, and CD136-positive 
macrophages in gaining remission in RA patients was studied 
by Alivernini et al. The results of their study showed that 
patients with remission RA have significantly higher levels of 
MerTK+CD206+ and CD206+CD163+ macrophages, compared 
with the RA patients who are either resistant to medications or 
did not receive any medications. The analysis of disease activity 

in RA patients showed that higher levels of MerTK+CD206+, 
CD206+CD163+, and MerTK+CD163+ macrophages were 
observed in RA patients with lower disease activity. The result 
of macrophage activation by lipo-polysaccharides (LPS) 
showed that the release of IL-6, IL-1β, TNF-α, granulocyte-
macrophage colony-stimulating factor (GM-CSF), CCL2, and 
CCL3 was significantly diminished in MerTK+ cells of remission 
RA patients, compared to the MerTK- cells of active RA patients. 
However, there was no significant difference in the secretion 
of IL-10, IL-8, IL-13, IFNα2, and IL-12 [15]. 

Macrophages can also affect the pattern of gene expression 
in synovial fibroblasts. For instance, MerTK+CD206+ 
macrophages from RA patients in remission state might 
protect the structure of the joint by reducing inflammation 

Figure 1. The roles of monocyte-derived and tissue-resident macrophages in healthy and RA joint. The normal synovial membranes covering 
the inner side of synovial joints are thin and composed of the lining and sublining layers. Interstitial macrophages are derived from non-
monocyte lineage present in the sublining layer of the synovial membrane. They are differentiated into barrier-forming macrophages and 
along with synovial fibroblasts form the lining layer. The barrier-forming macrophages, protect the synovium from inflammatory attacks 
by reducing the infiltration of immune cells through tight junctions, suppressing inflammation, and digesting infiltrated neutrophils. In RA 
patients, produced immune complexes (ICs) are deposited on the synovial layers. The deposition of these complexes leads to the barrier-
forming macrophage activation and destruction of joint structures and the attraction of immune cells to the site of inflammation. Therefore, 
the monocytes along with other immune cells infiltrate the synovial tissues from peripheral blood. Blood monocytes are differentiated 
from the monocyte-derived macrophages and participate in tissue inflammation. IFN-γ and IL-17 secreted from Th 1 and Th17 are the 
cytokines responsible for the stimulation of macrophages to release other cytokines like IL-6, and TNF-α, which leads to the initiation of the 
inflammation process. These cytokines released from the macrophages, in turn, activate the differentiation of T cell lymphocytes into Th1 
and Th17 subtypes. It is found that macrophages can also regulate FLS function and behavior in a feedback loop.
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and causing a higher expression of collagen, and TGF-β 
genes in FLS. However, the MerTK- CD206- macrophages 
may cause severe damage to joint structures by stimulating 
fibroblasts to significantly increase the expression of various 
genes, such as IL6, CCL2, CCL20, CXCL1, 8, MMP1, 3, and RANKL. 
Indeed, MerTK+ macrophages of RA patients in remission state 
secreted significantly higher amounts of resolvin D1, than 
MerTK+ macrophages of patients with active RA [15]. Resolvin 
D1 has anti-inflammatory effects, including reduction of IL-1B, 
IL-6, TNF-α, and clinical symptoms of arthritis in mice models. 
Indeed, resolvin D1 inhibits the formation of new blood 
vessels and synovial fibroblasts, which in turn protects joints 
from inflammation and destruction. Therefore, the lower 
serum level of resolvin D1 in RA patients is one of the possible 
causes of joint damage in this disease [16]. 

Infiltrating macrophages 

Autoimmune inflammation of synovial joints is a 
characteristic feature of rheumatoid arthritis [17]. The basis 
of the immunopathogenesis of rheumatoid arthritis is not 
clearly revealed yet. However, it is known that both genetic 
and environmental elements play substantial roles in the 
development of auto-reactive immune cells [18]. These auto-
reactive cells recognize self-antigens and produce antibodies 
against them. The auto-antibodies produced in RA include 
rheumatoid factor (RF), anti-citrullinated protein antibody 
(ACPA), and anti-carbamylated protein antibody (anti-CarP). 
The final result of the activation of self-reactive cells and 
antibody formation is the deposition of immune complexes 
(ICs) in various tissues, including the synovial layers [19].

The deposition of these complexes can further stimulate 
the immune system via the complement pathway, which 
leads to the activation of barrier-forming macrophages, 
and destruction of joint structures, and the attraction of 
immune cells to the site of inflammation [20,21]. Indeed, 
the dysfunctional tight junctions between the cells of the 
lining layer of the synovial membrane and the increased 
number of blood vessels, due to the presence of vascular 
endothelial growth factor (VEGF) in the sublining layer, can 
itself increase the deposition of immune complexes in a 
positive feedback loop [22]. The cellular components of the 
inflammation process circulate throughout the body via the 
blood. Immunological signaling molecules are responsible 
for the attraction of inflammatory cells to synovial joints [23]. 
These lead to residential macrophages, synovial fibroblasts, 
and bone cells (osteoclasts) activation and infiltration of 
neutrophils, monocytes, B cells, and Th1 cells into the joints 
and Th17 lymphocyte polarization.

Therefore, monocytes along with other immune cells 
infiltrate the synovial tissues from the peripheral blood. 
Blood monocytes differentiate into monocyte-derived 
macrophages and participate in tissue inflammation. One 
of the major cells responsible for the inflammatory changes 

in joints of RA patients is suggested to be these infiltrating 
macrophages. Indeed, the surface markers of these infiltrating 
macrophages derived from monocytes include CD14, myeloid-
related protein (MRP)8, and 14 [11,12]. Other changes in the 
synovium of RA patients include thickening of the synovial 
membrane due to the increased number of macrophages 
and fibroblasts, increased synthesis of connective tissue 
components by fibroblasts, and formation of new blood 
vessels in the sublining layer will occur subsequently [10,22]. 

Macrophages and Synovial Inflammation

There are many possible ways in which macrophages can 
contribute to joint damage in RA. Infiltrating macrophages 
communicate with other cells of the immune system through 
signaling molecules and direct cellular contact [24]. The 
contact of macrophages with T cells through CD40/CD40L, 
LFA1/ICAM1 (leukocyte function-associated antigen 1/
intracellular adhesion molecule 1), OX40 (CD143)/OX40L 
(CD252), and CCL20/CCR6 is one of the stimuli for macrophage 
activation [25,26]. Indeed, IFN-γ and IL-17 secreted from Th1 
and Th17 are the cytokines responsible for the stimulation of 
macrophages to release other cytokines like IL-6 and TNF-α, 
which leads to the initiation of the inflammation process 
[27]. The other stimuli for macrophage activation include the 
immune complexes of auto-antibodies such as RF and ACPA, 
with their molecular ligands like citrullinated proteins. These 
complexes bind to TLR4 (Toll-like receptor 4), MyD88 (myeloid 
differentiation primary response 88), and FcγR (Fc gamma 
receptor) on macrophages' surface, which in turn stimulates 
the release of inflammatory cytokines from macrophages 
[28]. These cytokines released from macrophages activate 
the differentiation of T cell lymphocytes into Th1 and Th17 
subtypes [25]. So, the interactions between macrophages and 
T cells in the pathogenesis of RA are two-way roads (Figure 1).

Haringman et al. studied the role of macrophages in the 
clinical symptoms of RA by assessing synovial samples of 
88 patients with active RA for CD68+ macrophage cells. The 
activity of the disease was determined by calculating the “28 
joint count Disease Activity Score (DAS28)” for each patient. 
Of 70 patients who received medication for RA, 11 patients 
showed a good response to the medication. Indeed, these 
patients showed a significantly higher reduction in the number 
of macrophages in the synovial sub-lining layer, compared 
with the patients with a moderate response (n=35) and those 
who did not respond to the medication (n=42). Indeed, the 
analysis of changes in disease activity (DAS28) and the number 
of macrophages present in the sub-lining layer after receiving 
the medications showed a notable positive correlation [29].

The increased production of various molecules by 
macrophages is found in synovial fluid samples of patients 
with RA [30]. Liu et al. examined the synovial membrane 
and synovial fluid samples of 23 RA patients for the 
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presence of macrophages and mRNA or proteins of matrix 
metalloproteinase (MMP)-3, 9, and 12. The results of their 
study showed a higher expression of MMP-3, 9, and 12 in the 
synovial sample of RA patients, compared with samples of 29 
patients with osteoarthritis. The presence of macrophages 
was detected in all RA synovial samples. However, in the 
sample of OA patients, the number of macrophages was 
low. Further examination showed that macrophages seem 
to be responsible for MMP-12 enzyme production, as there 
was a correlation between the presence of macrophages 
and MMP-12 in RA samples [31]. The role of MMPs in the RA 
pathogenesis process is to enzymatically destroy various 
particles in the extracellular matrices of articular surfaces (for 
instance, collagen and gelatin) [32]. Indeed, the destruction of 
joint components produces new self-antigens, which in turn 
leads to the formation of new auto-antibodies against them. 
This process causes the chronic autoimmune basis of the 
disease [25].

Cytokines and Chemokines

As mentioned earlier, the communication of macrophages 
with other immune cells occurs through cytokines and 
chemokines released by macrophages. In this section, we will 
review the different chemicals released from macrophages 
and their particular roles in recruiting various aspects of the 
immune processes of RA.

To further understand the patterns of cytokine expression 
in RA patients, Yeo et al, analyzed the expression of cytokines 
in synovial biopsies from RA patients in two groups, the “early 
RA” and the “established RA” (the respective median disease 
durations were 6 and 38). In comparison to the control 
subjects, the patients with established RA had significantly 
elevated expression levels of CXCL7, 8, 9,13, CCL2, 8, 20, IL-
1α, 1β, 2, 12, 21, 32, TNF-α, OX40L, and galactin3. The patients 
of the early RA group had higher expression of CXCL4 and 
CXCL7 compared with the control group. It is assumed that 
CXCL4 and CXCL7 are expressed by macrophages because 
the pattern of CXCL4 and CXCL7 expression is related to the 
presence of macrophages [33]. Indeed, these cytokines attract 
neutrophils to the inflamed joints [10]. These infiltrating 
neutrophils increase joint inflammation and destruction by 
secreting reactive oxygen species (ROS), causing oxidative 
stress, defensins, and tissue-damaging enzymes such as 
proteases [34,35].

IL-1, 6, 12, 18, 23, and TNF-α are other cytokines released by 
macrophages in the synovium of cases with RA [36-38] and 
are essential for the induction of joint damage [39]. It has 
been found that macrophages can regulate FLS function and 
behavior in a feedback loop. IL-1 and TNF-α, as products of 
macrophages, have autocrine and paracrine effects on FLS. 
They induce fibroblast proliferation and production of IL-6, 
granulocyte-macrophage colony-stimulating factor (GM-
CSF), and IL-8. [40]. They also stimulate synovial fibroblasts 

to synthesize matrix metalloproteinases (MMPs) and 
prostaglandins and contribute to synovitis and bone erosion 
[41]. 

Both tissue-resident and inflammatory cytokines can affect 
osteogenesis through the release of cytokines, including 
bone morphogenetic protein (BMP) 2 and 4, and TGF-β1 [42]. 
Activated macrophages also produce oncostatin M (OSM, 
a member of the IL-6 family), which induces osteogenic 
differentiation of mesenchymal stem cells and also stimulates 
the differentiation of osteoclasts [43,44]. Research has shown 
that OSM affects synovial fibroblasts in RA, induces RA-FLS to 
produce pro-inflammatory cytokines [45,46], and enhances 
their invasive ability. Besides, OSM increases the secretion of 
MMPs from RA-FLS and facilitates the formation of pannus in 
RA [47]. 

The overall effects of macrophage cytokines in RA include 
induction of new osteoclasts formation, connective tissue-
damaging enzymes release (proteases, collagenases, and 
MMPs), and activation and differentiation of other cells of 
the immune system (neutrophils, NK cells, mast cells, T, and 
B lymphocytes) [39]. On the other hand, the secretion of 
immune-regulating cytokines such as IL-4, 5, 10, and 13 
from B lymphocytes and regulatory T cells counteracts the 
osteodestructive signals of macrophages [48]. 

Macrophages and Bone Health

The rate of fractures in the vertebral column of patients 
with RA is nearly two times higher than that in the general 
population [49]. Indeed, a study showed that patients with 
RA have greater levels of bone turnover as the levels of bone 
formation (alkaline phosphatase), resorption (Type-I collagen 
cross-linked N-telopeptide), and matrix-related markers 
(pentosidine and homocysteine) were higher in these patients 
than in control subjects. Moreover, the bone mineral density 
of RA patients was lower than that of controls. Overall, the 
higher levels of bone destruction in RA patients may explain 
their higher fracture rates and more severe fractures [50]. 
The duration, disease activity, and disability caused by RA 
are risk factors predisposing patients to future fractures. In 
addition, the disability caused by RA and the duration of RA 
were both higher in patients with osteoporosis [51]. Indeed, 
the bone-destroying functions of osteoclasts produced from 
peripheral blood mononuclear cells (PBMCs) of RA patients 
were significantly higher in patients with elevated serum 
ESR levels [52]. These findings highlight the importance of 
understanding the effects of RA on bone health.

The renewal of bones in the body and their health relies on 
two processes, the destruction of bony material by osteoclasts 
and the synthesis of a new bony matrix by osteoblasts [53]. 
Osteoclasts are differentiated monocytes with multiple 
nuclei that can damage bone health by overtly destroying 
bone, leading to fractures [54]. The formation of osteoclasts 
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is based on the presence of environmental factors such as 
receptor activator of NF-κB ligand (RANKL), which binds to 
RANK on precursor monocyte cells and macrophage-colony 
stimulating factor (M-CSF) [55]. The attraction of CD14+ 
monocytes in the blood circulation into the synovium of 
RA patients is a consequence of the presence of M-CSF on 
synovial endothelial cells [56]. M-CSF is a secreted cytokine 
that induces macrophages' survival, proliferation, and 
differentiation from hematopoietic stem cells. It also 
participates in osteoclast migration [57]. High expression levels 
of RANKL in the synovium of patients with RA can increase 
the formation of osteoclasts. It is found that RAFLSs induce 
osteoclastogenesis in the presence of 1,25-OH vitaminD3 
which is of great importance in increasing the expression of 
RANKL, suppressing the expression of osteoprotegerin (OPG), 
and hence the formation of osteoclasts [58]. 

Osteomacs are a resident type of macrophages present in 
bone tissue and are distinguished by their F4/80, CD68, and 
Mac3 expression. They support bone formation, osteoblast 
maturation, and mineralization [59,60]. These cells help in the 
removal of bone destruction residues in the process of bone 
remodeling. The exact role of these cells in bone health and 
diseases is not defined yet and they could serve as a target for 
improving bone health in inflammatory bone diseases [61,62]. 

In RA patients, macrophages can affect the osteoporosis 
process by secreting various cytokines, which can either 
influence the functions of osteoclasts directly or through 
stimulation of RANKL expression by osteoblasts and fibroblasts 
[54,63]. For instance, the binding of TNF to its receptors 
(TNFr1) can induce RANKL expression, the formation of new 
osteoclasts, and the improvement of osteoclasts' survival 
[64]. Other cytokines secreted from macrophages that either 
enhance the formation of new osteoclasts, the survival of 
osteoclasts, or stimulate their functions include IL-1, 6, and 15 
[65,66]. In addition, as we mentioned before, macrophages 
can favor the formation of Th17 lymphocytes by producing 
specific cytokines, which express RANKL and secrete IL-17 [67]. 
IL-17 increases RANK on the surface of precursor cells, which 
increases RANK/RANKL signaling and the formation of new 
osteoclasts [68]. In addition to osteoclasts formed from blood 
monocyte precursor cells, macrophages in the synovium can 
also differentiate into osteoclasts [69]. It has been found that 
if osteoprotegerin-ligand (OPGL) and M-CSF are present in the 
environment, synovial macrophages can transform into bone-
destroying osteoclasts [70].

Conclusion 

In this review article, we discussed the different aspects of 
macrophages as innate immunity cells in the pathogenesis 
of RA. We mentioned the variety of pathways by which 
macrophages can influence the bone and joint structures 
of RA patients. Indeed, we described two different types of 
macrophages, their origin, and their specific roles in shaping 

the immune system. Because of the tissue-repairing effects 
of tissue-resident macrophages, the clinical use of these cells 
in enhancing the protection and repair of synovial joints may 
change the prognosis of patients with rheumatoid disorders. 
These cells can affect the gene expression of fibroblasts 
and induce the production of structural molecules such as 
collagen. On the other hand, monocyte-derived macrophages 
secrete a great variety of immune molecules and communicate 
with other cells of the body through signaling pathways. Their 
secreted cytokines can stimulate and attract other immune 
cells to the affected joints and further destroy the bone and 
joint structures. This could be used as a new approach for the 
development of new drugs, by disrupting the inflammatory 
signaling of macrophages with other cells. Besides, one of the 
main problems of rheumatic disorders is the deterioration of 
bone health and disruption of homeostasis in bone formation 
and resorption. Therefore, osteoclasts and osteomacs are the 
most important therapeutic targets in these disorders. The 
current knowledge about the specific roles of these cells is 
not sufficient. Further research on understanding the various 
roles of macrophages would help in the development of new 
treatment strategies for RA patients. 
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