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Abstract

Importance of inflammatory cytokine cascade has been pointed out in the pathogenesis of arthritis. Recent clinical studies have already shown the benefit in suppressing proinflammatory cytokines in arthritis, indicating the central role of those cytokines, particularly tumor necrosis factor [TNFJ- a and interleukin [ILJ-6, in the progression of bone and joint deterioration. Several candidate pathways are currently being investigated in the pathogenesis of joint deterioration. In consequence, considerable interest has arisen in those pathways that in turn regulate proinflammatory cytokine productions, because they may offer further possible clinical trial against bone and joint diseases.



Recently, the attention has been attracted the cell-to-cell interaction that drive proinflammatory cytokine productions, metalloproteinase secretions, and the differentiation of bone resorbing osteoclasts. The cell-to-cell membrane contact may have a crucial important role in the progression of inflammation/arthritis; synovial hyperplasia: infiltration of inflammatory cells into the tissue; bone resorption; and cartilage degeneration.



It has been reported that the direct cell membrane contact between synovial T cells, adjacent macrophages and synovial fibroblasts induces the production of proinflammatory cytokines from macrophages and synovial fibroblasts. Also, recent reports indicating the role of receptor activator of NF-кB [RANK) signaling pathway through T cell-osteoclast precursor cell contact in the maturation of osteoclast have revealed the mechanism of bone and joint destruction in arthritis. More recently, we have demonstrated that the cell-cell interactions between activated T cells and chondrocytes may induce articular cartilage destruction through the mechanism involving the acceleration of proteolytic enzyme secretion, suggesting the T cell-mediated destruction of articular cartilage through pathways dependent on cell contact.



Recent advances in our understanding of the events ongoing in inflamed joint tissues; synovial membrane, bone and cartilage tissue, have shed a light to the elucidation of mechanisms of joint destruction in arthritis. We here reviewed the potential implication of "cell-to-cell interactions” in the joint deterioration in arthritis. These novel pathways may represent exciting potential therapeutic targets.








 Abbreviation:  TNF- α : Tumor Necrosis Factor- a; IL: Interleukin; PI-3 kinase: Phosphatidylinositol-3 kinase; NFkB: Nuclear Factor кB; MMPs: Metalloproteases; IFN: Interferon; RANK: Receptor Activator of NF-кB 










Opinion



Inflammatory arthritis such as rheumatoid arthritis [RAJ is characterized by the synovial hyperplasia, neoangiogenesis, the infiltrating lymphocytes and macrophages, and bone and articular destruction [1,2]. A variety of cytokines and chemokines that are mainly produced from synovial infiltrating T cells, macrophages and synovial fibroblasts form a network and deeply participate in the pathogenesis of arthritis. Recent clinical and basic intervention studies have shown the therapeutic effectiveness of the agents, which specifically inhibit the activity of proinflammatory cytokines [3,4]. The predominance of macrophage-derived cytokines, particularly TNF- α, interleukin [ILJ-6 and IL-18 in the hierarchy of synovial inflammation has been clearly demonstrated in several recent clinical studies, indicating that those inflammatory cytokines are closely involved in the development of arthritis [4,5].



It has been also revealed that macrophage-derived cytokines are closely involved in the osteoclastogenesis and degeneration of articular cartilage, indicating its implication in the articular degeneration in arthritis [3-6]. The factors that promote such macrophage activation could represent effective therapeutic targets, however, the mechanisms whereby macrophages participate in the proinflammatory cytokine productions remain still unknown in arthritis.



It becomes clear that not only the relationship between individual cytokines and their target cells but also the cellular cross-talk may be involved in the cytokine networks and the pathogenesis of inflammatory arthritis [3,5,7]. In inflamed synovial tissue, numerous numbers of lymphocytes and macrophages are infiltrated and form cellular aggregates [8,9]. The aggregates have a part as a germline center in the synovial tissue. McInnes et al. demonstrated that RA synovial fibroblasts show enhanced production of proinflammatory cytokines in response to the direct cell membrane contact between T cells and synovial fibroblasts through specific adhesion molecules, suggesting the importance of "cell contact induced inflammation" in synovitis/arthritis [3,5,10]. We have also elucidated the regulatory mechanism whereby the direct cell contact contributes to the production of macrophage-derived cytokines, TNF-α and IL-1 [11]. IL-15 has a stimulatory effect on the cell contact-induced production of proinflammatory cytokines by macrophages [10,12]. Our findings clearly demonstrated that IL-18 also accelerates the macrophage-derived cytokines productions through the direct cell membrane contact [11]. Also, we have studied the synovial infiltrating T cell-derived destructions of bone and articular cartilage tissues though the mechanism involving cell-cell contact pathway.



Recent advances in our understanding of the evidences ongoing in inflamed synovial membrane have revealed that synovial infiltrating T cells may drive inflammation, osteoclastogenesis, and destruction of articular cartilage through pathways dependent on cell-to-cell contact [1,3,4,5,10-13]. We have reviewed the mechanism of tissue deterioration in inflammatory diseases from the point of view of the cell-to-cell interactions and the resultant deterioration of inflamed tissue/ organ in arthritis (Figure 1). 
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Figure 1:  Cell contact-induced inflammation/inflammation.






Characteristics of Inflamed Synovial Membrane


Inflammatory synovial membrane is characterized by hyperplasia of synovial cells, especially synovial fibroblasts type B cells, neoangiogenesis, and infiltration of T cells and macrophages in the synovium [1-3]. It is well known that the synovitis is mainly regulated by cooperation of various cytokines and chemokines [1-5]. Inflamed synovial membrane has higher levels of proinflammatory cytokines, TNF-α, IL-1, IL-15, IL-18 and IL-21, and lower level of inhibitory cytokines, IL-4 and IL-10 expressions [1-3,6-10-13]. Compatible with these observations, higher level of NFkB translocation is evident in RA than in osteoarthritis arthritis synovium. Further distinctions in the neoangiogenesis and the expression of matrix degrading proteolytic enzymes have also been described [14,15]. These studies are important, because they may prove informative as to those immune pathways in synovial membrane that represent common pathways to articular destruction as opposed to those that more closely reflect underlying potentially distinct causes.



Cytokines and proteases are mainly produced from synovial infiltrating macrophages and synovial fibroblasts [1,2,3,5]. TNF-α and IL-1 act on macrophages and T cells as autocrine/ paracrine factors and can induce their secretions each other. Thus, recent studies have paid attention to the mechanism whereby macrophages and synovial fibroblasts are activated for productions of secretary factors.



In inflamed synovial tissue, infiltrating T cells and macrophages lie in juxtaposition within and adjacent to cellular aggregates in the synovial tissue in arthritis, providing for reciprocal cellular cross-talk [5]. It has attracted attention that the cell-to-cell contact of T cells with macrophages or synovial fibroblasts induces the production of proinflammatory cytokines with no requirement of other cytokine stimulation [10,11]. Since there is a variety number of infiltrating T cells, macrophages as well as synovial fibroblasts in the synovial tissue, direct cell contact-induced cytokine productions could have a crucial important role in the progression of synovitis. The observation indicated that a fundamental property of synovial infiltrating T cells may be the activation of adjacent cells mediated by cell membrane contact.


We have postulated that the cell-to-cell interaction may modulate not only inflammation but also bone and cartilage destruction through the osteoclastogenesis and proteolytic enzyme production that are induced by the cell membrane contact between T cells and osteoclast precursors or between T cells and chondrocytes.




Interaction of T Cells and Macrophages with Endothelial Cells and Inflammation


Numerous reports have already demonstrated that interactions of T cells and macrophages with vascular endothelial cells play an important role in the pathogenesis of inflammation [16-18]. Circulating macrophages and T cells can attach the vascular endothelial cells and migrate from the circulatory system to an extravascular compartment such as inflammatory organs. T cell- or macrophage-attachment, invasion, and subsequent degradation of the subendothelial extracellular matrix are crucial important steps to develop the inflammation. It is thought that the ability of activated T cells/ macrophages of the immune system to attach and invade the vascular endothelium and to degrade extracellular matrix are very similar to that reported for highly metastatic tumor cells.



cell-macrophage contact and proinflammatory cytokines


Proinflammatory cytokines, especially TNF-α and IL-1, are mainly produced from macrophages. The levels of cytokine production are lesser from T cells than from macrophages. It is very important to elucidate the mechanism whereby infiltrating T cells induce cytokine productions from macrophages in arthritis.



McInnes et al. [3] demonstrated that the cell membrane contact of T cells with macrophages or synovial fibroblasts induce the progression of proinflammatory cytokines [3,5,10]. The cell contact is thought to induce the production of proinflammatory cytokines with no stimulation by other cytokines and growth factors. These findings indicate that the direct cell contact of the synovial infiltrating T cells with adjacent macrophages in the synovial tissue accelerates the inflammation in synovitis. Furthermore, it has been reported that the cell contact-mediated inflammation is enhanced by IL-15 [12,13,19]. IL-15 stimulated the expression of CD69 or ICAM-1 on the cell surface of activated T cells and their adhesion molecules-mediated membrane contact between T cells and macrophages accelerate the production of proinflammatory cytokines by macrophages [13,19]. Based on the properties of the cell contact induced inflammation, to date, it has been considered the inhibitory effect of neutralizing antibody for IL-15 against spondilytis or arthritis [19].



It has been reported that IL-17 or IL-18 with NF к B activity is closely involved in the pathogenesis of arthritis [11,20,21]. We observed the high levels of these cytokines in the synovial fluid of patient with RA. It has been also reported that IL-18 induces the production of IFN- γ from activated T cells and differentiation of T-helper type 1 cells, suggesting the potential implication of the cytokines in the pathogenesis of arthritis [21,22]. Our findings suggest that IL-18 has a potential to modulate the direct cellular contact-induced production of proinflammatory cytokines, TNF-α and IL-1, from macrophages in synovitis. T cell-macrophage contact also accelerates the expression of IL-18 receptor and IL-18 itself in macrophages, suggesting that IL-18 acts on as an autocrine factor for the cell membrane contact- mediated inflammation [11]. In arthritis, cell contact of synovial infiltrating T cells with macrophages may induce the secretion of proinflammatory cytokines, IL-6, IL-8, IL-15, IL-17 and IL-18 as well as TNF- a and IL-1, in the synovial tissue. These cytokines secretions through the cell contact form the cytokine network and participate in the pathogenesis of arthritis. We have found that the cell contact-induced inflammation is mediated by the activation of NF kB and PI-3 kinase of macrophages [11]. Specific inhibitors of both signal transductions completely inhibited the cell contact-mediated production of proinflammatory cytokines in vitro. Based on the properties of cell-to-cell interactions in arthritis, we have demonstrated the inhibitory effects of IL-18 neutralizing antibody on the cell contact-mediated inflammation in arthritis. Inhibition of the cell contact may have a potential to develop a novel therapeutic strategy to arthritis.



Regarding the inhibition of T cell-monocyte contact-induced production of inflammatory cytokines, it has been reported that serum factor displays an inhibitory effect on the cell contact- mediated activation of monocytes as a homeostatic system. Hyka N. et al. [23] demonstrated that high density lipoprotein- associated apolipoprotein A-I inhibits contact-mediated activation of monocytes by binding activated T cells, inhibiting production of TNF-α and IL-1 β . These findings suggest that anti-inflammatory effect of serum factor, apolipoprotein A-I, may lead to therapeutic approaches in inflammatory diseases.




T cell-synovial fibroblast contact and arthritis


It has been demonstrated that T cells can modulate the activity of a variety of cell types through cell contact [1,4,11-13]. Interactions between T cells and synovial fibroblasts result in reduced synthesis of collagen type II and increased production of MMPs, suggesting that the cell contact may be a crucial means of promoting articular cartilage degeneration. Identification of those ligands mediating T cell-synovial fibroblast interactions is of crucial importance. We have also found that accelerated productions of proinflammatory cytokines from activated synovial fibroblasts through the direct contact with T cells [unpublished data]. These findings provide evidence to support that interactions of synovial fibroblasts with T cells could contribute significantly to the development of arthritis.



Adhesion molecules have been implicated in a number of interactions between T cells and synovial fibroblasts. Intercellular adhesion molecule (ICAM)-1, leukocyte function antigen-1, CD40L, or CD69 have been proposed as adhesion molecules promoting the cell contact [1,4,11,23]. Since the adhesion molecule can mediate the cell-cell interactions, such molecules represent legitimate therapeutic targets has been proposed. Previous reports demonstrated that IL-18 enhanced the expression of VCAM-1, ICAM-1 and E-selectin on the cell surface of synovial fibroblasts [24,25]. We also found that the blocking antibodies to the ligands of VCAM-1 or ICAM-1 inhibited the stimulatory effects of IL-18 on the T cell-synovial fibroblast contact as well as T cell-macrophage contact [11]. These results suggest that VCAM-1 and ICAM-1 may mediate the stimulatory effects of IL-18 on the cell contact of T cells with macrophages or synovial fibroblasts.


Miranda-Carus M-E. et al. demonstrated that RA synovial fibroblasts induces the upregulation of proinflammatory cytokines TNF-α, IFN- y, IL-6, IL-8, IL-17, CD25 and CD69 expression through a cell contact-dependent system [26]. They found that these proinflammatory cytokines stimulate the further production of IL-6, IL-8, and IL-15 in synovial fibroblasts, thereby; creating a feedback loop that favors persistent synovial inflammation. Especially, the induction of IL-17 in cell contact is an important contributor to the feedback loop. A blocking antibody to IL-17 significantly inhibited T cell contact-dependent expression of IL-6, IL-8, IL-15 and CD54 by synovial fibroblasts. It is well known that IL-17 is a crucial important cytokine in pathogenesis of RA. Elevated levels of IL-17 have been described in synovial fluids in patients with RA but not OA [27,28]. Other report also revealed that methotrexate may disrupt this loop by inhibiting cell contact between T cell-to-synovial fibroblasts [26].



T cell- skin fibroblast contact and systemic sclerosis


In systemic sclerosis, it is well known that T cells infiltrate fibrotic tissues or organs and may be involved with dysregulated production of collagen by fibroblasts. It has been reported that T cell-skin fibroblast contact has a role in the pathogenesis of systemic sclerosis. Chizzolini et al. [29] demonstrated that T cell-fibroblast contact significantly inhibits collagen production by fibroblasts via membrane-associated TNF-α [29]. Their findings revealed that T cells infiltrating the skin of patients with systemic sclerosis deliver inhibitory signals to skin fibroblasts via direct cell-to-cell contact. Also, they mentioned that the cell contact dependent inhibition of collagen production by skin fibroblasts is a powerful characteristic of Th2 cells and is mediated by membrane-bound TNF-α. These findings suggest the therapeutic strategies based on TNF- a blockade aimed at controlling fibrosis in systemic sclerosis.




T cell-chondrocyte interactions and articular cartilage deterioration


Recently, we examined whether T cell-chondrocyte interactions influence the articular deterioration. We postulated that chondrocytes, as well as infiltrating macrophages and synovial fibroblasts, also act on the joint destruction in response to the cell-cell contact with infiltrating lymphocytes. Our findings of the T cell-immune response to chondrocytes clearly demonstrated the autologous T cell-stimulating properties of OA chondrocytes [30,31]. Co-culture of T cells with irradiated autologus chondrocytes induced the acceleration of T-cell proliferation in vitro, suggesting the presence of immune reaction to articular cartilage. The direct contact between infiltrating T cells and articular chondrocytes may participate in the immune-mediated mechanisms of OA. Interestingly, this response was partially blocked by antibodies for HLA class I and II, CD4 and CD8. These findings provide evidence to support that immune response occurs in response to chondrocytes that are exposed during the progression of OA.



Furthermore, we have found that cell contact of activated T cells with chondrocytes induces the secretion of MMP-1, -3, and -13, suggesting the effect of the cell contact on articular cartilage deterioration [31]. The direct T cell-chondrocyte contact via specific adhesion molecules may result in the accelerated secretions of matrix degrading enzymes from chondrocytes, consequently leading to the cartilage degeneration.



Indeed, it is rare occurrence that infiltrating T cells directly contact to chondrocytes in normal articular cartilage. However, in the degenerated cartilage during the progression of OA, articular chondrocytes may be exposed to synovial fluid with numerous number of infiltrating T cells. Nakamura et al. observed the presence of degenerated cartilage fragment with articular chondrocytes in the joint fluid of patient with osteoarthritis [31]. It has been demonstrated the CD3 positive mononuclear cells and chondrocyte-like cells in synovial fluid of patients with OA. Destructed cartilage fragments (cartilage matrix component) with articular chondrocytes may be shaved off and be floating in the joint fluid with advance of degeneration of articular cartilage. Thus, articular chondrocytes that are attached on fragmented articular cartilage tissue may contact with the infiltrating lymphocytes in the joint fluid. Also, chondrocytes in degenerated cartilage zone may be exposed out and be influenced by several factors in the joint fluid.



Although further studies are needed to clarify the exact implication of T cell-chondrocyte contact in the pathogenesis of OA, the direct contact between activated T cells and chondrocytes may induce the immune response and cartilage- matrix degradation.



Osteoclast Differentiation Through Cell Contact- Induced Rank/Rankl System


A number of cytokines and factors produced by RA synovial membrane and by pannus tissue are known to have the ability to induce the differentiation of monocyte/macrophage lineage cells into functional osteoclasts [1,32]. These factors are either directly on osteoclast precursor cells or on osteoclasts, for example macrophage colony stimulating factor (M-CSF), TNF- α and IL-1, or indirectly on bone lining/osteoblast lineage cells IL-1, IL-11, IL-17 and TNF-α, which in turn contribute to the differentiation of osteoclast precursors [33-35]. The essential and direct acting factor for osteoclast differentiation has been cloned and identified as receptor activator of NF М B ligand [RANKL) [36-39].



RANKL is a member of the TNF ligand superfamily of cytokines that binds to its signal transducing receptor, RANK [36]. In addition to its required role in the differentiation of osteoclasts from their precursor cells, RANKL also augments osteoclast activity and survival. Synovial membrane provides a source of RANKL that could influence osteoclastogenesis [35]. Synovial fibroblasts from patients with RA produce mRNA and protein for RANKL [40]. RANKL is also expressed by infiltrating T cells in RA synovial membrane. Activated T cells expressing RANKL induce osteoclasts from autologus infiltrating macrophages [41-43]. Synovial tissues may also provide a source of osteoclast precursor cells, as macrophages isolated from RA synovial tissues differentiate into osteoclasts in the presence of M-CSF plus RANKL. Taken together, cell contact between T cells and osteoclast precursors or between synovial fibroblasts and osteoclast precursors through the pathway depending on the RANK/RANKL binding is a crucial important for osteoclastic bone resorption in arthritis.


Conclusion


We reviewed the potential involvement of cell-to-cell interactions of activated T cells with adjacent cells in inflamed articular tissue in the joint deterioration (Figure 1). These novel pathways may represent exciting potential therapeutic targets in arthritis.
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