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Abstract: Macrophages are a major cell population in most of the tissues, and their numbers increase massively in in-

flammation, in wound healing and in tumors. In particular, macrophages contribute to autoimmune events in rheumatic 

diseases, such as rheumatoid arthritis (RA) or spondyloarthritis (SpA), mainly acting as antigen-presenting cells and also 

as the major source of inflammatory mediators that are important in joint inflammation. In this respect, macrophages re-

lease a variety of pro-inflammatory cytokines and chemokines and events downstream of this cytokine cascade will con-

tribute to cartilage and bone destruction. It is becoming clear that differential macrophage activation by distinct mecha-

nisms is crucial for their function. This review will discuss several aspects of macrophage function in immune-mediated 

inflammatory disease with particular emphasis in RA, SpA, osteoarthitis, Behçet’s disease and gout.  
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MACROPHAGES: INTRODUCTION 

 Macrophages are the first line of defense of the organism 
against pathogens and, in response to the microenvironment, 
become differentially activated. It has become increasingly 
clear that macrophages are not a homogenous population but 
one that can be divided into specific, although overlapping, 
subsets according to their polarization requirements, pheno-
type, and function [1, 2]. Classically activated macrophages 
(M1) are the main source of soluble pro-inflammatory cyto-
kines, such as tumor necrosis factor-  (TNF- ) and interleu-
kin-1  (IL-1 ), whereas alternatively activated macrophages 
(M2) have been implicated in immune regulation, phagocy-
tosis, and tissue remodeling (Fig. 1). The regulation of 
macrophage populations, in particular their numbers in RA 
synovium during disease progression and following therapy 
has been recently reviewed [3].  

MACROPHAGES IN RA  

 RA is a common autoimmune chronic inflammatory joint 
disease, characterized by macrophage, plasma cell and lym-
phocyte infiltration into the synovium, accumulation of 
synovial fibroblasts, and joint destruction [4]. Discoveries of 
pro-inflammatory mediators such as TNF-  and other secre-
tory products have provided valuable insights into the role of 
macrophages in many acute and chronic disease processes, 
leading to the development of effective therapeutics.  

 Macrophages are critically involved in the pathogenesis 
of RA. Macrophages not only produce a variety of pro-
inflammatory cytokines and chemokines in response to 
pathogens and cytokines, but they also contribute to the  
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cartilage and bone destruction in RA through multiple 
mechanisms [5]. In normal synovium, the synovial lining 
layer is comprised of a cell layer of maximal 1-3 layers of 
cells. Within this synovial lining two cell types can be found: 
intimal macrophages and fibroblast-like synovial cells [6]. 
Specifically, macrophages are important mediators of 
chronic inflammation and are prominent in the synovial lin-
ing and sublining of patients with RA. In RA synovium, the 
lining layer becomes thickened due to increased numbers of 
macrophages and lymphocytes, and proliferated fibroblast-
like synoviocytes [4, 7, 8]. Of interest, the intimal macro-
phages are more highly activated than sublining macro-
phages and express higher amounts of TNF-  and IL-1  
(M1 characteristics). They are thought to migrate into the 
expanding pannus (hanging flap of tissue that forms in the 
joint affected by the disease, causing loss of bone and carti-
lage) that participates in the degradation of articular cartilage 
and subchondral bone [9]. 

 CD68 is a 110-kD transmembrane glycoprotein that is 
highly expressed by human monocytes and tissue macro-
phages. This marker is widely used to identify macrophages 
both in the blood and tissue. Of importance, changes (e.g. 
decrease) in numbers of CD68 positive synovial sublining 
macrophages correlate with clinical improvement independ-
ently of the therapeutic strategy [10, 11]. It has been demon-
strated that the change in the numbers of sublining macro-
phages can be used to predict possible efficacy of new anti-
rheumatic treatments for RA [11, 12] whereas the number of 
CD3 positive T cells appears to be a better marker to predict 
possible efficacy of new anti-rheumatic treatments for psori-
atic arthritis (PsA) [13].  

 Toll-like receptors (TLRs) present on macrophages and 
dendritic cells (DC) recognise pathogen-derived products 
and lead to the induction of the production of effector mole-
cules that regulate innate and adaptive immune responses 
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Fig. (1). Schematic representation of macrophage polarization. Circulating blood monocytes are cells with high plasticity that under influence 

of certain inflammatory mediators can originate different macrophage populations. First monocytes have to leave the blood compartment and 

then enter the tissues. Within the tissue, monocytes will be exposed to different mediators present in the microenvironment. In this way, the 

generation of a particular tissue macrophage population will highly be dependent on the factors present in the tissue milieu. When monocytes 

are exposed to pro-inflammatory cytokines such as TNF-  or IFN- , or LPS the generation of classically activated macrophages (M1) will 

take place. These macrophage populations are characterized by high production of pro-inflammatory cytokines such as TNF- , IL-6, IL-12, 

IL-15 and IL-23. Inversely, when monocytes are exposed to IL-4, IL-13 or IL-10, the generation of alternatively activated macrophages (M2) 

will take place, which are characterized by low production of pro-inflammatory cytokines and high production of anti-inflammatory media-

tors such as IL-10, IL1ra and TGF- . 

[14, 15]. The potential role of TLRs in RA pathogenesis has 
been supported by the demonstration of TLR2, TLR3 and 
TLR4 expression in RA synovial tissue [16-20]. The expres-
sion of TLR2 and TLR4 was increased on CD14

+
 macro-

phages from the joints of RA patients compared with that on 
control in vitro-differentiated macrophages or control pe-
ripheral blood monocytes [21]. Neither TLR2 expression nor 
TLR4 expression differed between RA and other forms of 
inflammatory arthritis. However, TNF-  and IL-8 expression 
was increased on RA synovial fluid macrophages that were 
stimulated in vitro with peptidoglycan (TLR2 ligand) or LPS 
(TLR4 ligand) compared to synovial fluid macrophages ob-
tained from patients with other forms of inflammatory arthri-
tis or with control macrophages [21]. In a different study, it 
was demonstrated that RA blood-derived macrophages have 
increased TLR2 and TLR4 expression and increased re-
sponse to microbial TLR2 and TLR4 [22]. In this respect, the 
presence in RA synovium of peptidoglycan-positive antigen-
presenting cells (APCs), that include synovial macrophages 
and mature DC, is related to cytokine production in vivo 
[23]. In accordance synovial APC-derived IL-12 and IL-18 
(M1 mediators) is associated with synovial TLR2 and TLR4 
expression [17]. In addition, to the potential role of TLR 
ligands, a number of endogenous stress response proteins 
have been implicated as potential TLR ligands in RA. In this 
respect, the 96-kDa heat shock glycol-protein (gp96) has 
been reported to activate macrophages [24-27] and DC [28-

30] promoting the release of the pro-inflammatory cytokines 
TNF-  and IL-1  [31] (M1 mediators). Interestingly, the 
expression of this protein is increased in RA synovial tissue 
and fluid compared to synovium from osteoarthritis (OA) 
and arthritis-free controls [22]. Moreover, the expression of 
TLR2, but not TLR4, on synovial fluid macrophages was 
strongly positive correlated with the level of gp96 in the 
synovial fluid suggesting a potential role for gp96 as an en-
dogenous TLR2 ligand in RA. Altogether these data suggest 
that activated APCs may contribute to inflammation within 
the microenvironment of the joint in RA patients. Moreover, 
since both endogenous and exogenous TLR ligands are 
thought to contribute to the chronic inflammation observed 
in RA the design of new strategies that disrupt the interaction 
between TLR and their ligands might be of potential impor-
tance in order to diminish the inflammatory process. 

 To date, there is no known marker that specifically dis-
tinguishes tissue macrophages present in normal synovium 
(that play a role in homeostasis by removing for instance 
dead cells) and macrophages present in inflammed synovium 
(that produce exaggerated amounts of mediators involved in 
inflammation). Of interest, the Z39Ig protein (complement 
receptor for C3b and iC3b) is expressed on resident tissue 
macrophages in various tissues. The expression of the Z39Ig 
protein was limited to intimal macrophages in normal, RA, 
OA and PsA synovium. The numbers of Z39Ig
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and the ratios of Z39Ig
+
CD11c

+ 
cells to Z39Ig

+
 cells were 

increased in the intimal lining layer of RA as compared with 
those of OA and PsA [32]. Moreover, in vitro studies 
showed that expansion of Z39Ig

+
CD11c

+
 cells was charac-

teristic of RA intimal lining layer and suggests that alterna-
tion of macrophage differentiation during the late stages of 
disease may be present in RA synovitis (i.e. the differential 
expression of this protein by macrophages at more advanced 
maturation status). These findings also support the hypothe-
sis that the increased numbers of Z39Ig

+
CD11c

+
 cells are 

valuable for the identification of RA in early arthritis [32]. 

 Altogether, it is clear that the characterization of mole-
cules expressed by macrophages that regulate and/or pheno-
typically define their functions in RA pathogenesis is of cru-
cial interest. Furthermore, achieving a detailed understanding 
of macrophage function(s) in RA holds potential for modu-
lating macrophage expressing markers and/or soluble media-
tors in order to down-regulating the autoimmune response. 

MACROPHAGES IN SPONDYLOARTHRITIS (SpA) 

 Spondyloarthritides (SpA) is the overall name for a fam-
ily of inflammatory rheumatic diseases that comprises anky-
losing spondylitis (AS), psoriatic arthritis (PsA), reactive 
arthritis, enteropathic-related arthritis and undifferentiated 
SpA. Specifically, the axial disease affects the spine, the 
sacroiliac joints and the hips while the peripheral disease 
includes arthritis, with a preference for asymmetrical in-
flammation of joints of the lower limbs and enthesitis [33]. 
Additionally, SpA is often characterized by subclinical in-
flammation of the gut which partially resembles inflamma-
tory bowel disease. In general, SpA patients are negative for 
rheumatoid factor hence the term ‘seronegative’, and collec-
tively, SpA shows an association with carriage of the HLA-
B27 gene. Enthesitis, which is inflammation of the attach-
ment of tendons, ligaments and joint capsules to bone, is the 
hallmark of SpA [34, 35]. 

 PsA is a chronic, progressive disease in most patients 
[36]. A polyarticular onset of PsA is associated with a more 
destructive course [37]. The synovial infiltrate of patients 
with PsA and RA is comparable with regard to numbers of 
fibroblast-like synoviocytes and macrophages [38]. Promi-
nent swelling and inflammation of peripheral joints is a 
hallmark of both RA and SpA, with a preference for large 
joints of the lower extremities in SpA. Of interest, the total 
number of macrophages is similar in RA and SpA synovitis, 
but the subset expressing the M2 surface marker, CD163 
[39, 40], is clearly increased in the latter [41-43]. In accor-
dance with this observation, it was recently described that 
synovial fluid from SpA patients promotes preferential ex-
pression of the M2 markers CD163 and CD200R in vitro. 
Interestingly, this was still observed even if synovial fluid 
levels of the prototypical M2-polarizing factors (IL-4, IL-13, 
and IL-10) were not increased as compared with those in RA 
synovial fluid [44]. 

 Once again it is becoming clear that the composition of 
the inflammatory milieu, which is characteristic of a particu-
lar disease, will determine the existence and the generation 
of a defined macrophage population with likely specific 
functions. In this respect RA macrophages are associated 
with a M1 phenotype whereas SpA macrophages with a M2 
phenotype.  

MACROPHAGES IN OSTEOARTHRITIS (OA) 

 OA is characterized by loss of articular cartilage and 
modification of subchondral bone. Pain in and impaired 
movement of joints affected by OA cause disability. Fluid 
accumulation (joint effusion), bone overgrowth (osteo-
phytes), and weakness of tendons and muscles can also result 
from the degenerative process. OA commonly affects the 
hands, feet, spine, and large weight-bearing joints, such as 
the hips and knees. The pathogenesis of OA is largely un-
known and under current investigation. Biomechanical stress 
(especially static compression) appears to be an important 
factor in the pathogenesis of OA, but it cannot completely 
explain the disease process [24]. Moreover, it is now be-
lieved that cartilage integrity is maintained by a balance ob-
tained from cytokine-driven anabolic and catabolic proc-
esses. In OA, the specific causative for the pathological 
process has not been identified, but synovial inflammation at 
the clinical stage is now well-documented phenomenon [45].  

 Morphological changes observed in OA include cartilage 
erosion as well as a variable degree of synovial inflamma-
tion. Current research attributes these changes to a complex 
network of biochemical factors, including proteolytic en-
zymes that lead to a breakdown of the cartilage macromole-
cules. Cytokines such as IL-1  and TNF-  produced by acti-
vated synoviocytes, mononuclear cells (e.g. macrophages) or 
by articular cartilage itself significantly up-regulate metallo-
proteinases (MMP) gene expression [45, 46].  

 In experimental OA the involvement of macrophages in 
this pathology has been demonstrated [47, 48]. In a study in 
which synovial lining macrophages in the knee joint were 
selectively depleted prior to elicitation of collagenase-
induced experimental OA, it was observed that macrophages 
mediate osteophyte formation and fibrosis in the early stages 
of experimental OA [49]. Moreover, these synovial macro-
phages were crucial in early MMP activity and appeared to 
mediate MMP production in synovium rather than cartilage 
[50] reinforcing the importance of these cells in OA inflam-
mation.  

 Recently the involvement of the Wnt signaling pathways 
(that are involved in embryonic development of cartilage and 
bone) in human and experimental OA has been demonstrated 
[51]. In particular, Wnt-induced signaling protein 1 (WISP-
1) expression was strongly increased in the synovium and 
cartilage of human and experimental OA. These findings 
suggest that WISP-1 expression might be a feature of ex-
perimental and human OA and demonstrated the regulation 
of chondrocyte and macrophage MMP and aggrecanase ex-
pression by WISP-1 and that this molecule was capable of 
inducing articular cartilage damage in models of OA [51]. 

 In OA macrophage derived-MMP and pro-inflammatory 
cytokines might contribute to cartilage destruction and are 
likely to play a crucial role in disease pathogenesis. But are 
OA macrophages more associated with a M1 phenotype? 

MACROPHAGES IN OTHER FORMS OF INFLAM-
MATORY ARTHRITIS 

Behçet Disease (BD) 

 Behçet disease (BD) is a chronic, relapsing, inflamma-
tory disorder which is clinically characterized by bipolar 
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aphtosis and microvascular skin and ocular lesions [52]. Al-
though several immunological abnormalities have been 
demonstrated, the exact mechanism of the inflammatory 
changes occuring are yet to be elucidated.  

 The synovitis of patients with Behçet in terms of CD68
+
 

macrophage numbers is similar in the intimal lining layer as 
well as the synovial sublining to the synovitis of PsA pa-
tients [53]. However, it has been reported that serum fac-
tor(s) are able to induce classical (pro-inflammatory) activa-
tion (M1 phenotype) of human peripheral blood macro-
phages in vitro in this disease [54] suggesting that serum 
factor(s) might be responsible for inflammatory changes in 
BD. 

Gout Arthritis 

 Gout is a disease that results from an overload of uric 
acid in the body. This overload of uric acid leads to the for-
mation of tiny crystals of urate that deposit in tissues of the 
body, especially the joints. When crystals form in the joints 
it causes recurring attacks of joint inflammation (arthritis). 
Understanding how uric acid crystals provoke inflammation 
is crucial to improving the management of acute gout. It is 
well known that urate crystals stimulate monocytes and 
macrophages to produce inflammatory cytokines, but the 
tissue response of the synovium is less well understood. Re-
cent studies suggest that monocyte/macrophage-derived IL-
1  may also play a central role in gout [55, 56]. In this re-
spect, monocytes or macrophages within the joint release IL-
1 , which induces other cells within the joint, such as endo-
thelial cells and fibroblasts, to produce cytokines and chemo-
tactic factors, which result in the recruitment of neutrophils 
to the joint [57]. 

 Moreover, pathogenic crystals induce the expression of a 
number of cytokines and chemokines from monocytes and 
macrophages. Of these, and as stated above IL-1 plays a piv-
otal role. Specifically, monosodium urate monohydrate 
(MSU) crystals promote the processing and release of IL-1 , 
and signaling by IL-1R which is critical for the development 
of MSU crystal-induced inflammation in vivo [57]. In addi-
tion, it was recently described in the same model that resi-
dent macrophages that have a highly differentiated pheno-
type, rather than infiltrating monocytes or neutrophils (con-
trary to the current dogma), are important for initiating and 
driving the early pro-inflammatory phase of acute gout char-
acterized by IL-1  and IL-6 [58]. In a different study using 
the same model, the role of TLR2 and TLR4 present in bone-
marrow-derived macrophages (BMDMs) has been addressed 
[59]. In this respect, BMDMs from TLR2-, TLR4-, and 
MyD88-deficient mice showed impaired uptake of MSU 
crystals and suppressed production of IL-1 , TNF- , kerati-
nocyte-derived cytokine/growth-related oncogene alpha, and 
transforming growth factor 1 in vitro. These observations 
implicate that murine host required TLR2, TLR4, and 
MyD88 for macrophage activation in response to MSU crys-
tals. Moreover, these findings implicate innate immune cel-
lular recognition of naked MSU crystals by specific TLRs as 
a major factor in determining the inflammatory potential of 
MSU crystal deposits and the course of gouty arthritis [59]. 
The molecular processes underlying the inflammatory condi-
tions of gout were recently described [56]. Macrophages 
from mice deficient in various components of the inflamma-

some such as caspase-1, ASC and NALP3 are defective in 
crystal-induced (e.g. MSU) IL-1  [56].  

 It is clear that macrophage-derived IL-1  (M1-associated 
phenotype in gout?) is a pivotal mediator of acute gout and 
could become a potential therapeutic target.  

CONCLUDING REMARKS 

 The plasticity of the macrophage phenotype is well 
know, and macrophage switching from a “pro-
inflammatory” to an “anti-inflammatory”phenotype over 
time remains a viable mechanism of action for resolution of 
acute inflammation. It is assumed that the presence of a par-
ticular macrophage population (with a specific function) is 
dependent on the type of disease and/or clinical stage. How-
ever, these specific observations have not yet been reported. 
Therefore, it remains to be established the precise mecha-
nism(s) and factor(s) involved in the shift between M1 and 
M2 in these diseases and explore the mechanisms by which a 
particular macrophage poplulation uses to resolve inflamma-
tion. These efforts in investigating the different macrophage 
populations present in several rheumatic diseases are of cru-
cial interest in terms of therapy design since it will help to 
define specific and safe target therapies.  

ACKNOWLEDGEMENTS 

 The authors wish to acknowledge Fundação para a Ciên-
cia e Tecnologia (SFRH/BPD/38899/2007 to M.C.L.) and 
also the Dutch Arthritis Foundation (2008, nr. 0701014, to 
P.P.T. and M.C.L.) for financial support. 

REFERENCES 

[1] Gordon S, Taylor PR. Monocyte and macrophage heterogeneity. 

Nat Rev Immunol 2005; 5: 953-64. 
[2] Mantovani A, Sica A, Locati M. Macrophage polarization comes of 

age. Immunity 2005; 23: 344-6. 
[3] Hamilton JA, Tak PP. The dynamics of macrophage lineage popu-

lations in inflammatory and autoimmune diseases. Arthritis Rheum 
2009; 60: 1210-21. 

[4] Tak PP, Bresnihan B. The pathogenesis and prevention of joint 
damage in rheumatoid arthritis: advances from synovial biopsy and 

tissue analysis. Arthritis Rheum 2000; 43: 2619-33. 
[5] Ma Y, Pope RM. The role of macrophages in rheumatoid arthritis. 

Curr Pharm Des 2005; 11: 569-80. 
[6] Gerlag DM, Tak PP. Synovial fluid analyses, synovial biopsy, amd 

synovial pathology. In: Firestein GS, Budd RC, Harris ED Jr, Eds. 
Kelley's textbook of Rheumatology. 7th ed. W.B. Philadelphia: 

Saunders Co. 2004; pp. 675-91. 
[7] Veale D, Yanni G, Rogers S, Barnes L, Bresnihan B, Fitzgerald O. 

Reduced synovial membrane macrophage numbers, ELAM-1 ex-
pression, and lining layer hyperplasia in psoriatic arthritis as com-

pared with rheumatoid arthritis. Arthritis Rheum 1993; 36: 893-
900. 

[8] Tak PP. Examination of the synovium and synovial fluid. In: Woll-
heim FA, Firestein GS, Panayi G, Eds. Rheumatoid arthritis: Fron-

tiers in pathogenesis and treatment. 2nd  ed. Oxford: Oxford Univer-
sity Press, Inc. 2006; pp. 229-41. 

[9] Bresnihan B, Youssef P. Macrophages in rheumatoid arthritis. In: 
Burke B, Lewis CE, Eds. The macrophages, Oxford: Oxford Uni-

versity Press 2002; pp. 231-433. 
[10] Gerlag DM, Haringman JJ, Smeets TJ, et al. Effects of oral predni-

solone on biomarkers in synovial tissue and clinical improvement 
in rheumatoid arthritis. Arthritis Rheum 2004; 50: 3783-91. 

[11] Haringman JJ, Gerlag DM, Zwinderman AH, et al. Synovial tissue 
macrophages: a sensitive biomarker for response to treatment in pa-

tients with rheumatoid arthritis. Ann Rheum Dis 2005; 64: 834-8. 
[12] Wijbrandts CA, Vergunst CE, Haringman JJ, Gerlag DM, Smeets 

TJ, Tak PP. Absence of changes in the number of synovial sublin-
ing macrophages after ineffective treatment for rheumatoid arthri-



22    The Open Arthritis Journal, 2010, Volume 3 Lebre and Tak 

tis: Implications for use of synovial sublining macrophages as a 

biomarker. Arthritis Rheum 2007; 56: 3869-71. 
[13] van Kuijk AW, Gerlag DM, Vos K, et al. A prospective, random-

ized, placebo-controlled study to identify biomarkers associated 
with active treatment in psoriatic arthritis: Effects of adalimumab 

treatment on synovial tissue. Ann Rheum Dis 2009; 68(8): 1303-9. 
[14] Medzhitov R. Toll-like receptors and innate immunity. Nat Rev 

Immunol 2001; 1: 135-45. 
[15] Akira S, Takeda K. Toll-like receptor signalling. Nat Rev Immunol 

2004; 4: 499-511. 
[16] Iwahashi M, Yamamura M, Aita T, et al. Expression of Toll-like 

receptor 2 on CD16+ blood monocytes and synovial tissue macro-
phages in rheumatoid arthritis. Arthritis Rheum 2004; 50: 1457-67. 

[17] Radstake TR, Roelofs MF, Jenniskens YM, et al. Expression of 
toll-like receptors 2 and 4 in rheumatoid synovial tissue and regula-

tion by proinflammatory cytokines interleukin-12 and interleukin-
18 via interferon-gamma. Arthritis Rheum 2004; 50: 3856-65. 

[18] Kyburz D, Rethage J, Seibl R, et al. Bacterial peptidoglycans but 
not CpG oligodeoxynucleotides activate synovial fibroblasts by 

toll-like receptor signaling. Arthritis Rheum 2003; 48: 642-50. 
[19] Seibl R, Birchler T, Loeliger S, et al. Expression and regulation of 

Toll-like receptor 2 in rheumatoid arthritis synovium. Am J Pathol 
2003; 162: 1221-7. 

[20] Ospelt C, Brentano F, Rengel Y, et al. Overexpression of toll-like 
receptors 3 and 4 in synovial tissue from patients with early rheu-

matoid arthritis: toll-like receptor expression in early and long-
standing arthritis. Arthritis Rheum 2008; 58: 3684-92. 

[21] Huang Q, Ma Y, Adebayo A, Pope RM. Increased macrophage 
activation mediated through toll-like receptors in rheumatoid arthri-

tis. Arthritis Rheum 2007; 56: 2192-201. 
[22] Huang QQ, Sobkoviak R, Jockheck-Clark AR, et al. Heat shock 

protein 96 is elevated in rheumatoid arthritis and activates macro-
phages primarily via TLR2 signaling. J Immunol 2009; 182: 4965-

73. 
[23] Schrijver IA, Melief MJ, Tak PP, Hazenberg MP, Laman JD. Anti-

gen-presenting cells containing bacterial peptidoglycan in synovial 
tissues of rheumatoid arthritis patients coexpress costimulatory 

molecules and cytokines. Arthritis Rheum 2000; 43: 2160-8. 
[24] Warger T, Hilf N, Rechtsteiner G, et al. Interaction of TLR2 and 

TLR4 ligands with the N-terminal domain of Gp96 amplifies innate 
and adaptive immune responses. J Biol Chem 2006; 281: 22545-53. 

[25] Arnold-Schild D, Hanau D, Spehner D, et al. Cutting edge: recep-
tor-mediated endocytosis of heat shock proteins by professional an-

tigen-presenting cells. J Immunol 1999; 162: 3757-60. 
[26] Reed RC, Berwin B, Baker JP, Nicchitta CV. GRP94/gp96 elicits 

ERK activation in murine macrophages. A role for endotoxin con-
tamination in NF-kappa B activation and nitric oxide production. J 

Biol Chem 2003; 278: 31853-60. 
[27] Yang Y, Liu B, Dai J, et al. Heat shock protein gp96 is a master 

chaperone for toll-like receptors and is important in the innate func-
tion of macrophages. Immunity 2007; 26: 215-26. 

[28] Vabulas RM, Braedel S, Hilf N, et al. The endoplasmic reticulum-
resident heat shock protein Gp96 activates dendritic cells via the 

Toll-like receptor 2/4 pathway. J Biol Chem 2002; 277: 20847-53. 
[29] Zheng H, Dai J, Stoilova D, Li Z. Cell surface targeting of heat 

shock protein gp96 induces dendritic cell maturation and antitumor 
immunity. J Immunol 2001; 167: 6731-5. 

[30] Hilf N, Singh-Jasuja H, Schwarzmaier P, Gouttefangeas C, Ram-
mensee HG, Schild H. Human platelets express heat shock protein 

receptors and regulate dendritic cell maturation. Blood 2002; 99: 
3676-82. 

[31] Basu S, Binder RJ, Suto R, Anderson KM, Srivastava PK. Necrotic 
but not apoptotic cell death releases heat shock proteins, which de-

liver a partial maturation signal to dendritic cells and activate the 
NF-kappa B pathway. Int Immunol 2000; 12: 1539-46. 

[32] Tanaka M, Nagai T, Tsuneyoshi Y, et al. Expansion of a unique 
macrophage subset in rheumatoid arthritis synovial lining layer. 

Clin Exp Immunol 2008; 154: 38-47. 
[33] Vandooren B, Tak PP, Baeten D. Synovial and mucosal im-

munopathology in spondyloarthritis. Adv Exp Med Biol 2009; 649: 
71-84. 

[34] McGonagle D, Gibbon W, Emery P. Classification of inflammatory 
arthritis by enthesitis. Lancet 1998; 352: 1137-40. 

[35] Mease PJ. Spondyloarthritis update: new insights regarding classif-
cation, pathophysiology, and management. Bull NYU Hosp Jt Dis 

2008; 66: 203-9. 

[36] Kane D, Stafford L, Bresnihan B, Fitzgerald O. A prospective, 

clinical and radiological study of early psoriatic arthritis: an early 
synovitis clinic experience. Rheumatology (Oxford) 2003; 42: 

1460-8. 
[37] Queiro-Silva R, Torre-Alonso JC, Tinture-Eguren T, Lopez-

Lagunas I. A polyarticular onset predicts erosive and deforming 
disease in psoriatic arthritis. Ann Rheum Dis 2003; 62: 68-70. 

[38] van Kuijk AW, Reinders-Blankert P, Smeets TJ, Dijkmans BA, 
Tak PP. Detailed analysis of the cell infiltrate and the expression of 

mediators of synovial inflammation and joint destruction in the 
synovium of patients with psoriatic arthritis: implications for treat-

ment. Ann Rheum Dis 2006; 65: 1551-7. 
[39] Buechler C, Ritter M, Orso E, Langmann T, Klucken J, Schmitz G. 

Regulation of scavenger receptor CD163 expression in human 
monocytes and macrophages by pro- and antiinflammatory stimuli. 

J Leukoc Biol 2000; 67: 97-103. 
[40] Sulahian TH, Hogger P, Wahner AE, et al. Human monocytes 

express CD163, which is upregulated by IL-10 and identical to 
p155. Cytokine 2000; 12: 1312-21. 

[41] Baeten D, Demetter P, Cuvelier CA, et al. Macrophages expressing 
the scavenger receptor CD163: a link between immune alterations 

of the gut and synovial inflammation in spondyloarthropathy. J Pa-
thol 2002; 196: 343-50. 

[42] Baeten D, Moller HJ, Delanghe J, Veys EM, Moestrup SK, De KF. 
Association of CD163+ macrophages and local production of solu-

ble CD163 with decreased lymphocyte activation in spondy-
larthropathy synovitis. Arthritis Rheum 2004; 50: 1611-23. 

[43] Baeten D, Kruithof E, De RL, et al. Diagnostic classification of 
spondylarthropathy and rheumatoid arthritis by synovial histopa-

thology: a prospective study in 154 consecutive patients. Arthritis 
Rheum 2004; 50: 2931-41. 

[44] Vandooren B, Noordenbos T, Ambarus C, et al. Absence of a clas-
sically activated macrophage cytokine signature in peripheral 

spondylarthritis, including psoriatic arthritis. Arthritis Rheum 2009; 
60: 966-75. 

[45] Fernandes JC, Martel-Pelletier J, Pelletier JP. The role of cytokines 
in osteoarthritis pathophysiology. Biorheology 2002; 39: 237-46. 

[46] Martel-Pelletier J. Pathophysiology of osteoarthritis. Osteoarthritis 
Cartilage 2004; 12 Suppl A: S31-S33. 

[47] van Lent PL, Blom AB, van der KP, et al. Crucial role of synovial 
lining macrophages in the promotion of transforming growth factor 

beta-mediated osteophyte formation. Arthritis Rheum 2004; 50: 
103-11. 

[48] Blom AB, van Lent PL, Holthuysen AE, et al. Synovial lining 
macrophages mediate osteophyte formation during experimental 

osteoarthritis. Osteoarthritis Cartilage 2004; 12: 627-35. 
[49] van der Kraan PM, Vitters EL, van de Putte LB, van den Berg WB. 

Development of osteoarthritic lesions in mice by "metabolic" and 
"mechanical" alterations in the knee joints. Am J Pathol 1989; 135: 

1001-14. 
[50] Blom AB, van Lent PL, Libregts S, et al. Crucial role of macro-

phages in matrix metalloproteinase-mediated cartilage destruction 
during experimental osteoarthritis: involvement of matrix metallo-

proteinase 3. Arthritis Rheum 2007; 56: 147-57. 
[51] Blom AB, Brockbank SM, van Lent PL, et al. Involvement of the 

Wnt signaling pathway in experimental and human osteoarthritis: 
prominent role of Wnt-induced signaling protein 1. Arthritis 

Rheum 2009; 60: 501-12. 
[52] Sakane T, Takeno M, Suzuki N, Inaba G. Behcet's disease. N Engl 

J Med 1999; 341: 1284-91. 
[53] Canete JD, Celis R, Noordenbos T, et al. Distinct synovial im-

munopathology in Behcet disease and psoriatic arthritis. Arthritis 
Res Ther 2009; 11: R17. 

[54] Alpsoy E, Kodelja V, Goerdt S, Orfanos CE, Zouboulis C. Serum 
of patients with Behcet's disease induces classical (pro-

inflammatory) activation of human macrophages in vitro. Derma-
tology 2003; 206: 225-32. 

[55] Chen CJ, Shi Y, Hearn A, et al. MyD88-dependent IL-1 receptor 
signaling is essential for gouty inflammation stimulated by mono-

sodium urate crystals. J Clin Invest 2006; 116: 2262-71. 
[56] Martinon F, Petrilli V, Mayor A, Tardivel A, Tschopp J. Gout-

associated uric acid crystals activate the NALP3 inflammasome. 
Nature 2006; 440: 237-41. 

[57] Pope RM, Tschopp J. The role of interleukin-1 and the inflamma-
some in gout: implications for therapy. Arthritis Rheum 2007; 56: 

3183-8. 



Macrophage Subsets in Immune-Mediated Inflammatory Disease The Open Arthritis Journal, 2010, Volume 3    23 

[58] Martin WJ, Walton M, Harper J. Resident macrophages initiating 

and driving inflammation in a monosodium urate monohydrate 
crystal-induced murine peritoneal model of acute gout. Arthritis 

Rheum 2009; 60: 281-9. 
[59] Liu-Bryan R, Scott P, Sydlaske A, Rose DM, Terkeltaub R. Innate 

immunity conferred by Toll-like receptors 2 and 4 and myeloid dif-

ferentiation factor 88 expression is pivotal to monosodium urate 

monohydrate crystal-induced inflammation. Arthritis Rheum 2005; 
52: 2936-46. 

 

 
 

Received: June 18, 2009 Revised: August 02, 2009 Accepted: August 03, 2009 

 

© Lebre and Tak; Licensee Bentham Open. 
 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 

(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the 

work is properly cited.  

 

 


