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1.0 Introduction 
1.1 Osteomyelitis
Osteomyelitis is an infection of bone or bone marrow with a propensity for progression, usually caused by pyogenic bacteria or mycobacteria. Osteomyelitis is inflammation of the bone and marrow, but, since it is always caused by an infection, it implies an infection. When an infection develops inside the bone, the immune system will try to kill it. Neutrophils, a type of white blood cell, will be sent to the source of the infection to kill the bacteria or fungus. If the infection takes hold and is not treated, dead neutrophils will accumulate inside the bone, forming an abscess, or pocket of pus. The abscess may block vital blood supplies to the affected bone. In chronic osteomyelitis, the bone may eventually die. Bones are normally resistant to infection, but infection may enter a bone under certain conditions. An infection in the bloodstream, complications of trauma or surgery, or pre-existing conditions, such as diabetes, Reduce the person's ability to resist infection (Bhowmik et al., 2018). 
Types of Osteomyelitis: It can be subclassified on the basis of the causative organism, the route, duration and anatomic location of the infection. There are three types of osteomyelitis.
1. Acute osteomyelitis, where the bone infection develops within two weeks of an initial infection, injury or the onset of an underlying disease.
2. Sub-acute osteomyelitis, where the bone infection develops within one to two months of an initial infection, injury or onset of an underlying disease.
3. Chronic osteomyelitis, where the bone infection develops two months or more after an initial infection, injury or onset of an underlying disease (Bhowmik et al., 2018).
1.1.1 Pathogenesis of Osteomyelitis
Osteomyelitis may be caused from hematogenous spread, direct inoculation of microorganisms into bone, or from a contiguous focus of infection. A trivial skin infection may be the source of bacteremia or it may emerge as the result of a more serious infection such as acute or subacute bacterial endocarditis. Injection drug abuse has been linked to hematogenous osteomyelitis involving the long bones or vertebrae (Beronius et al., 2001). Hematogenous osteomyelitis usually involves the metaphysis of long bones in children or the vertebral bodies in adults. With hematogenous osteomyelitis, the joint is usually spared from infection in children, unless the metaphysis is intracapsular, as is found at the proximal radius, humerus, or femur (Dahl et al., 1998; Trobs et al., 1992). The most common causes of direct inoculation osteomyelitis are penetrating injuries and surgical contamination. Contiguous focus osteomyelitis commonly occurs in patients with severe vascular disease.
In general, microorganisms may infect bone through one or more of three basic methods
· Via the bloodstream (haematogeneously) – the most common method (Luqmani et al., 2013)
· From nearby areas of infection (as in cellulitis), or
· Penetrating trauma, including iatrogenic causes such as joint replacements or internal fixation of fractures or secondary periapical periodontitis in teeth. (Kumar et al., 2007)
The area usually affected when the infection is contracted through the bloodstream is the metaphysis of the bone (Luqmani et al., 2013). Once the bone is infected, leukocytes enter the infected area, and, in their attempt to engulf the infectious organisms, release enzymes that lyse the bone. Pus spreads into the bone's blood vessels, impairing their flow, and areas of devitalized infected bone, known as sequestra, form the basis of a chronic infection (Kumar et al., 2007). Often, the body will try to create new bone around the area of necrosis. The resulting new bone is often called an involucrum (Kumar et al., 2007). On histologic examination, these areas of necrotic bone are the basis for distinguishing between acute osteomyelitis and chronic osteomyelitis. Osteomyelitis is an infective process that encompasses all of the bone (osseous) components, including the bone marrow. When it is chronic, it can lead to bone sclerosis and deformity.
Chronic osteomyelitis may be due to the presence of intracellular bacteria (inside bone cells) (Ellington, 1999). Also, once intracellular, the bacteria are able to escape and invade other bone cells (Ellington, 2003). At this point, the bacteria may be resistant to some antibiotics (Ellington, 2006). These combined facts may explain the chronicity and difficult eradication of this disease, resulting in significant costs and disability, potentially leading to amputation. Intracellular existence of bacteria in osteomyelitis is likely an unrecognized contributing factor to its chronic form.
In infants, the infection can spread to a joint and cause arthritis. In children, large subperiosteal​abscesses can form because the periosteum is loosely attached to the surface of the bone (Kumar et al., 2007).
Because of the particulars of their blood supply, the tibia, femur, humerus, vertebra, the maxilla, and the mandibular bodies are especially susceptible to osteomyelitis (King et al., 2006). Abscesses of any bone, however, may be precipitated by trauma to the affected area. Many infections are caused by Staphylococcus aureus, a member of the normal flora found on the skin and mucous membranes. In patients with sickle cell disease, the most common causative agent is Salmonella, with a relative incidence more than twice that of S. aureus (Burnett et al., 1998).
1.2 Osteoarthritis
Osteoarthritis (OA) is a chronic disease and results from damage to articular cartilage induced by a complex interplay of genetic, metabolic, biochemical, and biomechanical factors followed by activation of inflammatory response involving the interaction of cartilage, subchondral bone, and synovium (Creamer and Hochberg, 1997). Many factors- some modifiable- contribute to an increased risk of OA and include obesity, genetics, aging and trauma to the joint. In most patients without a strong genetic predisposition, OA is thought to start as a result of damage to the joint tissue by physical forces as a single event of trauma or by repeated microtrauma due to altered mechanical loading of the joint (Brandt et al., 2009). Chondrocytes respond to the physical injury by stopping the production of anabolic factors and by releasing more catabolic enzymes such as MMPs, which results in further damage to the cartilage (Lane et al., 2000), and this further leads to the release of matrix components, which elicit inflammatory mechanisms (Jasin, 1998). Involvement of an immune response, both innate and adaptive, in OA is now widely accepted based on the following evidence:

· An inflammatory synovium/synovitis has been linked to increased cartilage damage (Ayral et al., 2005) and pain (Hill et al., 2007) in recent epidemiological studies on large number of OA patients.
· Infiltrates of immune cells including T-cells, B-cells and macrophages have been detected in synovial tissue of OA patients (Revell et al., 1998; Sakkas et al., 1998; Nakamura et al., 1999).
· Immunoglobulins and immune complexes against cartilage components are detected in cartilage, synovium and plasma in OA patients (Jasin, 1998).

Key role of complement activation in OA synovium has been identified (Wang et al., 2011)

Here we provide a review and recent updates on the involvement of major aspects of immune system, including innate and adaptive immune responses, in the pathogenesis of OA.
Osteoarthritis (OA) is the most common type of arthritis. The occurrence of symptomatic OA is at least 12.1% in both sexes, whereas the occurrence of radiographically defined OA is much higher and rises with age (Lawrence et al., 1998). OA is a heterogeneous disease, and its classification leaves much to be anticipated (Altman et al., 1986; Altman et al., 1990; Altman et al., 1991). Primary OA, which has no outward predisposing factor, and secondary OA, in which the patient has a previous trauma or condition related to OA, are the 2 most common subsets. Primary OA is referred to as generalized OA when it affects many joints, nodal OA when it exhibits as nodes over interphalangeal joints, and erosive inflammatory OA when it exhibits as erosions in distal interphalangeal joints. Erosive inflammatory arthritis, which is categorized by flares of inflammation in joints and the occurrence of inflammation markers in peripheral blood, may represent the far end of the spectrum of generalized OA. Current treatments for OA are purely palliative, and the need for novel therapies is obvious. The etiology of primary OA is not identified. Unidentified genetic factors have been implicated in the development of OA (Holderbaum et al., 1999; MacGregor et al., 2000), and a genetic component is reinforced by studies of families and twins (Stecher et al., 1953). Clonal chromosome aberrations, such as the gain of chromosomes 5 and 7, were detected in the synovial membrane of certain patients with OA (Broberg et al., 1997). Alpha1-antitrypsin (Pattrick et al., 1989), 1-antichymotrypsin (Sakkas et al., 1990), gene polymorphisms, and HLA alleles (Pattrick et al., 1989; Doherty et al., 1990) have been associated with generalized OA, whereas type II procollagen gene polymorphisms have been associated with precocious OA with mild chondrodysplasia (Ala-Kokko et al., 1990).
Although the pathophysiology of OA is not quite understood, it is commonly believed that primary OA is mainly a disease of articular cartilage that may be triggered by a biomechanical alteration, i.e., abnormal forces acting on normal cartilage or normal forces acting on abnormal cartilage (Pelletier et al., 1997). Articular cartilage consists of chondrocytes and extracellular matrix (ECM). ECM contains water and certain macromolecules, including collagen, proteoglycans, and hyaluronic acid. Microscopic examination has revealed a loss of proteoglycans and proliferation of chondrocytes in the cartilage of patients with early OA (Hough et al., 2001). As the disease progresses, loss of chondrocytes and calcification occurs (Hough et al., 2001). The pathogenic mechanisms that lead to cartilage destruction and bone proliferation are unknown. Point mutations of ECM macromolecules in articular cartilage have been reported (Ala-Kokko et al., 1990). The structure of ECM molecules can also be changed by mutations in enzymes that cause post translational modification of collagen and the side chains of proteoglycan (Holderbaum et al., 1999). Mutations in collagen or its modifying enzymes may be the reason for subtle defects in cartilage. In that event, environmental factors, such as repetitive joint stress, may be responsible, at least in part, for the manifestation of OA. Proteolytic enzymes such as matrix metalloproteinases (MMPs) and their inhibitors seem to play an important part in cartilage matrix degradation (Mansell and Bailey, 1998). However, alterations in OA are not restricted to cartilage. In subchondral bone, there are early changes such as increased trabecular bone and stiffness (Gevers et al., 1989), as well as late changes such as the presence of cysts and osteophytes, which are the hallmarks of OA. Furthermore, considerable inflammation occurs in the synovial membrane. Although OA has been considered by rheumatologists, in general, to be a noninflammatory disease, accumulating evidence suggests that this is not the case. Inflammation in the synovial membrane of at least 50% of patients with OA is well documented. This inflammatory response exhibits features of a T cell immune response. 
1.2.1 Involvement of T and B cells in the pathogenesis and progression in osteoarthritis
1. CD3+ T cells penetrate the synovial membrane of patients with OA. Several groups of investigators (Linblad and Hedfors, 1987; Haraoui et al., 1991; Kennedy et al., 1988; Myers et al., 1990; Smith et al., 1997; Haywood et al., 2003) have reported the occurrence of mononuclear cell (MNC) infiltrates containing T cells and macrophages in the synovial membrane of >50% of patients with OA. MNC infiltrates may be diffuse or perivascular nodular (Linblad and Hedfors, 1987; Sakkas et al., 1988; Sakkas et al., 2000). It was observed that angiocentric infiltrates composed mainly of CD3+ T cells in the synovial membrane of patients with OA in a pattern similar to that observed in RA. Transmural CD3+ T cells infiltrating the vessel wall were evident, although they were situated mainly in perivascular areas. Many vessels were compressed and obstructed, and endothelial cells were strongly positive for E-selectin, in a manner similar to that observed in RA. All of these observations in patients with OA are in addition to the findings in patients with the relatively uncommon type of erosive inflammatory disease, which clearly shows a strong inflammatory component (Moskowitz et al., 1992). In certain patients with OA, the MNC infiltrates resemble those observed in the synovial membrane of patients with RA (Linblad and Hedfors, 1987; Sakkas et al., 1988). Nodular lymphocytic aggregates were observed in 14% of patients with early OA and in 37% (Smith et al., 1997) to 65% (Sakkas et al., 1988) of patients with advanced OA at the time of joint replacement surgery. The presence of lymphoid nodular aggregates in these MNC infiltrates suggests an antigen-driven process. It has been suggested that the synovial inflammation observed in OA is a secondary phenomenon caused by fragments of cartilage or by crystals (Kennedy et al., 1988). This view is contradicted by the finding that lymphoid follicles are present to a greater extent in primary OA than in mechanical or traumatic OA, and detritic fragments of bone, cartilage, calcium pyrophosphate crystals, or apatite-like material do not correlate with inflammatory infiltrates (Revell et al., 1998; Van Linthoudt et al., 1997). 
2. T cells infiltrating the synovial membrane of patients with OA express early, intermediate, and late activation antigens. It was previously demonstrated that in the majority of patients with advanced OA, T cells infiltrating the synovial membrane express early activation antigens (CD69), intermediate activation antigens (CD25, CD38), and late activation antigens (CD45RO, HLA class II) (Sakkas et al., 1988). These activation antigens were expressed on T cells and other MNCs infiltrating the synovial membrane of both patients with OA and patients with RA, although their proportions were significantly higher in patients with RA than in those with OA (Sakkas et al., 1988). Although it could be argued that CD45RO+ T cells may extravasate from peripheral blood, the expression of CD69, an early activation antigen, suggests that activation occurs in situ, in the synovial membrane. CD38 and the CD43, which are detected in the synovial membrane of patients with OA (Sakkas et al., 1988), mediate adhesion to vascular endothelium and binding to intercellular adhesion molecule 1 (ICAM-1), respectively. Leukocytes and endothelial adhesion molecules are also expressed in the synovial membrane of patients with OA, although to a lesser degree than in patients with RA (Kosh et al., 1991; Tak et al., 1995). B cells are also activated in patients with OA (Jasin,1985).
4. T cell cytokines are formed in the synovial membrane of patients with OA. Interleukin-2 (IL-2), interferon-ᵧ (IFNᵧ), and IL-10 transcripts were shown in the synovial membrane of 50% of patients with OA and in the synovial membrane of the majority of patients with RA (Sakkas et al., 1988). IL-4 or IL-5 transcripts were not detected by polymerase chain reaction (PCR) amplification in the synovial membrane of patients with OA, suggesting the presence of a Th1 cytokine pattern in the synovial membrane of patients with OA (Sakkas et al., 1988). A predominant Th1 cytokine pattern has also been detected in the synovial membrane of patients with RA (Sakkas et al., 1988; Simon et al., 1994; Dolhain et al., 1996). Quantitative PCR analysis using MIMIC demonstrated that IFNᵧ transcript levels in OA were similar to those in RA, when normalized for T cell equivalents (Sakkas et al., 1988). This means that T cells infiltrating the synovial membrane of patients with OA are as active as those infiltrating the synovial membrane of patients with RA, although they are present in lower numbers in OA (Sakkas et al., 1988). IFNᵧ protein was detected by immunohistochemistry in the synovial membrane of most patients with OA (Dolhain et al., 1996). Th1-type cytokine transcripts were also found in MNCs from the synovial fluid of patients with OA (Haynes et al., 2002). Both IFNᵧ protein (Kahle et al., 1992; Schlaak et al., 1996) and IL-4 protein (Schlaak et al., 1996) were detected in the synovial fluid of patients with OA. Because IL-12 is a major inducer of Th1 cytokines (Trinchieri, 1995), we examined whether IL-12 was produced in the synovial membrane of patients with OA and patients with RA. IL-12 was detected, at both the messenger RNA level (IL-12 p40) and the protein level (IL-12 p70) in the synovial membrane of the majority of patients with OA or RA (Sakkas, 1998). IL-12, which is produced by macrophages during phagocytosis, even of inert material (Fulton et al., 1996), may drive the cytokine pattern in the OA synovial membrane toward the Th1 pattern (Sakkas, 1998). In addition to IL-12, other molecules may participate in the Th1 cell response in OA, including chemokines such as IL-8 and macrophage inflammatory protein 1α (MIP-1 α). T cells producing Th1 cytokines express CCR5 on the cell surface. CCR5 is a receptor for MIP-1α, a T cell chemoattractant (Loetscher et al., 1998; Qin et al., 1998) that is up-regulated in the synovial fluid of patients with OA (Koch et al., 1995). Th1 cells may be driven into the synovial membrane of patients with OA by inciting antigens and/or IL-12 or chemokines. IL-10 transcripts have been observed in the synovial membrane of nearly all OA patients examined (Sakkas et al., 1988), often in addition to IFN and IL-2 transcripts (Sakkas et al., 1988). IL-10 has been classified as an anti-inflammatory Th2 cytokine in mice (Joosten et al.,1997). IL-10 in humans cooperates with IL-4 to inhibit the production of proinflammatory cytokines by adherent rheumatoid synovial cells (Sugiyama et al., 1995). However, IL-10 in humans is produced by both monocytes and Th1 cells (Winhagen et al., 1996). In conclusion, proinflammatory Th1 cytokines (such as IFNᵧ and IL-2) and IL-10 are expressed in the synovium of patients with OA. Peripheral blood mononuclear cells (PBMCs) from patients with OA have been shown to express levels of CCR1, CCR3, CCR5, CCR6, and CCR7 chemokines comparable with the levels expressed by PBMCs from patients with RA (Haringman et al., 2006). Serum levels of the activation induced T cell–derived chemokine-related cytokine lymphotactin, which is a lymphocyte chemoattractant, were similar in patients with OA and those with RA (Blascke et al., 2003).
5. Autoantibody responses in OA. Low numbers of B cells infiltrate the synovial membrane of patients with OA (Smith et al., 1992). CXCL13, a potent chemoattractor of B cells, is expressed in lymphoid aggregates in the OA synovial membrane (Shi et al., 2001). Single-strand conformation polymorphism analysis of immunoglobulin transcripts isolated from the synovial membrane of 6 patients with OA revealed the presence of oligoclonal B cells (Shiokawa et al., 2001). Highly mutated immunoglobulin VH genes were observed in OA synovial membrane (Krenn et al., 1999). Autoantibodies against specific target antigens were detected in patients with OA as early as 20 years ago (Jasin,1985; Mollenhauer et al. 1988), although they have attracted little attention. One study demonstrated that anti–cartilage intermediate layer protein, anti–YKL-39, antiosteopontin, and anti–cyclic citrullinated peptide (anti-CCP) antibodies were detected in patients with early-stage knee OA but not in those with late-stage knee OA (Du et al., 2004). However, according to other investigators, anti-CCP antibodies are a marker for RA, with a specificity of 98% (Schellekans et al., 1998). Anti–type II collagen antibodies were found in cartilage extracts from 50% and 60%, respectively, of patients with OA and patients with RA (Jasin, 1985). However, the frequency of IgG anti–type II collagen antibodies in the serum was significantly higher in patients with RA than in patients with OA (Cook et al., 2004; Burkhadt et al., 2002). Serum anti–type II collagen antibodies specific for the type II collagen epitope F4, which is no arthritogenic in mice, were associated with OA (Burkhardt et al., 2002). In contrast, sera with increased levels of anti–type II collagen antibodies specific for the C1(III) epitope, which is arthritogenic in mice, were prevalent in patients with RA (Burkhardt et al., 2002). Anti–type II collagen antibodies were also detected in sera from patients with other rheumatic conditions and from normal donors (Burkhardt et al., 2002). The presence of autoantibodies to arthritis related antigens during the early stage of knee OA suggests that a specific immune response may be responsible for the initial degradation of cartilage in OA (Du et al. 2004). Recently, a proteomic-based approach was used to identify chondrocyte autoantigens in OA and RA (Xiang et al., 2004). Chondrocyte proteins were separated by 2-dimensional gel electrophoresis, and sera from patients with OA or RA were used to detect antigenic polypeptides by Western blotting. These polypeptides were identified by mass fingerprinting. Sera from patients with OA recognized 19 protein spots, whereas none of these spots was recognized by sera from patients with RA. One of these antigens was identified as triosephosphate isomerase (TPI), a glycolytic enzyme that interconverts Dglyceraldehyde-3-phosphate and dihydroxyacetone phosphate (Xiang et al., 2004). IgG anti-TPI antibodies were found in the serum and the synovial fluid of ~25%ofthepatients with OA tested, whereas anti-TPI antibodies were found in <6% of the patients with RA or systemic lupus erythematosus (SLE) (Xiang et al., 2004). These results revealed an OA autoimmune profile that is different from that observed in RA (Xiang et al., 2004).
 6. T cells infiltrating the synovial membrane of patients with OA contain oligoclonal populations of T lymphocytes. T cells comprise large numbers of different T cell clones, which are distinguished from each other by expressing different, although highly homologous, TCRs for antigens. Each of these TCRs is a unique fingerprint of the corresponding T cell clone. The size of the T cell repertoire in peripheral blood is estimated to be in the order of 106 different β -chain TCR transcripts, each one pairing with at least 25 TCR α -chains (Artsila et al., 1999). These numbers of T cell clones are still very large and are sufficient to permit recognition of all conceivable antigenic epitopes. T cells are activated and proliferate either in response to specific antigens (antigen-driven proliferation) or in a nonspecific manner (antigen-independent proliferation). Nonspecific activation and proliferation could occur either in response to mitogens or chemokines or in response to super antigens and in both cases will result in a large, heterogeneous, polyclonal population of T cells comprising different T cell clones expressing unique β -chain TCR transcripts, when compared with each other. T cells activated in response to super antigens will utilize β -chain TCRs comprising a restricted number of Vβ gene segments and a unique third complementarity-determining region (CDR3), when compared with each other. In contrast, specific antigen–driven stimulation of T cells would result in proliferation and clonal expansion of only those T cell clones that recognize the specific antigen. Thus, a specific antigen–driven clonal T cell response is identified by the presence of multiple identical TCR transcripts. Because of the large number of β -chain TCR transcripts, the probability is negligible that multiple identical copies of a single β -chain TCR transcript within an independent sample of T cells will be found by chance. Therefore, the presence of multiple identical copies of a β -chain TCR transcript within an independent sample of T cells, such as those infiltrating the synovial membrane of patients with OA, must be the result of specific antigen–driven proliferation and clonal expansion of a T cell clone(s) in response to a specific antigen, resulting in the presence of substantial proportions of monoclonal or oligoclonal T cells. To determine whether multiple identical proportions of TCR transcripts are present in a particular population of T cells, β -chain and/or β -chain TCR transcripts were amplified by PCR, followed by cloning and sequencing, or by assessing the length of the CDR3 of the amplified TCR transcripts by CDR3 Spectro typing (β-chain TCR only) (Gorski et al., 1994). Both approaches require that separate PCR amplifications be carried out for each one of the 32 Vα and 26 Vβ families to which all known human Vα and V β segments have been classified (Arden et al., 1995). Different 5’-end amplification primers must be synthesized, and different PCR amplifications must be carried out for each family. Such an approach has several limitations, the most important of which are that quantitation of the results may be limited by different amplification efficiencies and that the approach is laborious. To address these limitations, we developed a PCR amplification method specifically designed for the amplification of transcripts with variable or unknown 5’ ends, such as the TCRs and immunoglobulins. This method has been designated nonpalindromic adaptor PCR(NPA-PCR) (Slachta et al., 2000; Olezak et al., 2001; Sakkas et al 2002; Xu et al., 2003; Lin et al., 2005; Pappas et al., 2005).This approach was used to study the presence of specific antigen–driven populations of T cells in several diseases (Slachta et al., 2000; Olezak et al., 2001; Sakkas et al 2002; Xu et al., 2003; Lin et al., 2005; Pappas et al., 2005), with the overall objective of identifying the antigen(s) recognized by these clonally expanded T cells. NPA-PCR has certain distinct advantages over classic PCR techniques for the amplification of transcripts with unknown or variable 5’ ends. The major advantage is that only one amplification is needed for the α -chain, with a second amplification needed for the β-chain TCR.
1.2.2 B cells and humoral immunity in OA
Cellular infiltrates in the inflamed OA synovium have been reported to contain activated B cells along with other cell types (Revell et al., 1988). A clonal analysis of B cells in OA synovium revealed their oligoclonal nature suggesting an antigen driven activation instead of non-antigenic activation (Shiokawa et al., 2001). Moreover, several studies found antibodies against cartilage components highlighting the activation of humoral adaptive immune response in OA. When cartilage cell surface proteins were used as substrate in an ELISA and sera from OA patients were applied, an elevated antibody titer was detected compared to controls (Mollenhauer et al., 1998). Similarly, autoantibodies were found in OA patients against cartilage derived proteins osteopontin (Sakata et al., 2001), cartilage intermediate layer protein (CILP) (Tsuruha et al., 2001), YKL-39, (Tsuruha et al., 2002), fibulin-4 (Xiang et al., 2004) and collagen (Charrière et al., 1988). Anti-CCP antibodies were detected in 7 out of 136 OA patients (Du et al., 2005), while another group also detected them in OA patients but at significantly lower levels compared to RA patients (Caspi et al., 2006). Antibodies against native G1 domain of aggrecan core protein were found in synovial fluid of OA patients (Karopoulos et al., 1996). Using proteomic approach, Xiang et al (2004) identified triosephosphate isomerase (TPI) as an important antigen with autoantibodies present specifically in OA but not in RA (Xiang et al., 2004). Other studies have reported autoantibodies in animal models of OA including horses (Niebauer et al., 1988) and dogs (De Rooster et al., 2000). The role of the autoantibodies against cartilage components in development of OA has been further highlighted by studies showing their deposition (Jasin, 1985; Cooke, 1987) and cytotoxic effects on cartilage (Takagi and Jasin, 1992), which may be one of the mechanisms playing important role in cartilage degeneration in OA.
1.3 Rheumatoid arthritis (RA)
Recently, there has been a signiﬁcant increase in our understanding of the pathogenesis of RA; however, its aetiology remains to be fully elucidated. RA is an autoimmune disease characterized by inﬁltration of inﬂammatory cells in the synovial membrane of affected joints, leading to pannus formation. The precise induction and progression of this process remains unclear. However, the presence of T- and B-cell inﬁltrates in the inﬂamed synovial tissue is a consistent histological ﬁnding in RA (Kim and Berek, 2000). Genetic studies have demonstrated that RA is strongly correlated with the major histocompatibility complex class II antigen HLA-DR4 (Choi and Panayi, 2001). The main function of HLA-DR molecules is to present antigenic peptides to T cells. The synovial membrane contains a large number of CD4þ ‘helper’ T cells, which when activated are known to play an important role in the pathogenesis of RA. Furthermore, autoantibodies, such as RF, appear to be associated with more aggressive articular disease, a higher frequency of extra-articular manifestations and increased mortality and morbidity (Choi and Panayi, 2001).
1.3.1 Role of T cells in the pathogenesis of RA
 The role of T cells in the pathogenesis of RA is well established. The RA disease process is thought to be dependent on a trimolecular complex consisting of antigenic peptides, T-cell receptors and HLA-DR4. In RA, the antigen presenting cells (APCs) take up one or more unknown antigens and process them into peptides that are inserted into the groove of HLA-DR4 located on the surface of the APC. T cells with the appropriate T-cell receptors then engage with this complex (forming a trimolecular complex) to become activated. Subsequently, this causes a number of events including the production of interleukin-2 (IL-2), which leads to the clonal expansion of T cells (Kotake et al.,1999). After the T cells become activated, in addition to the release of cytokines (such as IL-2), a number of other changes occur to the T cells. The T cells begin to grow larger and start to express a number of surface molecules, such as CD69, tumour necrosis factor-α (TNF-α) and rANK ligand (RANKL). CD69, a cell surface signaling molecule, is involved in the activation of macrophages, TNF-α is involved in the activation of synovial ﬁbroblasts and RANKL plays a role in osteoclast activation. Following these surface changes, T cells produce the soluble mediators IL-17 and interferon-β (IFN-β) (Choi and Panayi, 2001). IL-17 has been implicated in osteoclast activation causing bone resorption in RA (Kotake et al., 1999). IFN-β stimulates macrophages to secrete a large number of pro-inﬂammatory cytokines. IL-1, IL-6 and TNF-α are the key cytokines thought to be responsible for stimulation of the synovial ﬁbroblasts or synoviocytes (Butler et al., 1995; Dayer, 2003). These key inﬂammatory cytokines induce inﬂammation and the release of matrix metalloproteinases that degrade the connective tissue and are involved in pannus formation (Choi and Panayi, 2001). The activated T cells also express osteoprotegerin ligand which, together with cytokines such as IL-1, stimulate osteoclast activation leading to bone erosion. This sequence of events leads to the chronic inﬂammation that causes damage to cartilage and bone in RA. Although there has been controversy surrounding the evidence for T-cell-stimulated cytokine release in RA synovial membrane, the early research work of Dayer and colleagues (Isler et al., 1993; Lacraz et al., 1993) and, more recently, that of McInnes et al (2000) can help to shed some light on this issue. They have demonstrated that activated T cells found in the synovial ﬂuid and membrane of patients with RA can directly engage with and activate the macrophages, synoviocytes and osteoclasts by cell-to-cell interactions.
1.3.2 The role of B cells in RA
Although the role of T cells and APCs in the pathogenesis of RA has been studied extensively, the precise role of B cells is still not well characterized. An important characteristic of RA is chronic inﬂammation of the synovial tissue in the affected joints. In contrast to normal synovial tissue, inﬁltrating lymphocytes are commonly seen in the inﬂamed synovial tissue (Kim and Berek, 2000). These inﬁltrates within the synovial membrane may be diffuse or follicular in structure. The diffuse inﬁltrate lacks a distinct structural organization, whereas the follicular inﬁltrate consists of a perivascular aggregation of T cells peripherally surrounded by B cells. One of the main cellular components of the follicular inﬁltrates are B cells, which can differentiate into plasma cells (Kim and Berek, 2000). Approximately 30% of patients with RA have synovia that show follicular inﬁltrates (Gause and Berek). B-cell development initiates in the bone marrow, where stem cells progress through various stages of differentiation to become immature B cells. Immature B cells express functional surface immunoglobulin (Ig) M whilst still in the bone marrow, before migrating (as mature B cells) to peripheral lymphoid tissues including the lymph nodes (Zhang and Bridges, 2000). Within the lymphoid follicles (follicular inﬁltrates) mature B cells can then be induced by antigens to proliferate and express IgA, IgG and IgE in addition to IgM (germinal center cells). These germinal center cells can further differentiate into plasma cells, which secrete immunoglobulins. The development of germinal centers within affected tissues is a frequent ﬁnding in organ-speciﬁc and generalized autoimmune disorders. Pro-inﬂammatory cytokines, including TNF-α and lymphotoxin- α, may play a major role in promoting the organization of germinal centers in inﬂammatory lymphoid tissues (Kim and Berek, 2000; Gause and Berek, 2001). Hence in RA there is an abundance of B cells present within the synovial membrane of affected joints and these lymphocytes can be organized into lymphoid structures. B cells can play a number of potentially critical roles in the pathogenesis of RA. They may function as APCs by processing and presenting antigenic peptides to the T cells (Choi and Panayi, 2001; Carson et al., 1991; Chestnut and Grey, 1986; Metlay et al., 1989; Takemura et al., 2001). The T cells then proliferate and exert pro-inﬂammatory activities. It is well known that B cells can bind antigens through their immunoglobulin receptor. The immunoglobulin receptor lies on the surface of the B cell and can bind a very low level of antigen from the environment. The antigen is degraded by the B cell into antigenic peptides. These antigenic peptides are then presented in the groove of the HLA-DR4 molecule to activate the T cells, which in turn undergo various processes, including proliferation, cytokine production and cell-to-cell interaction, which contribute to the pathogenic process in RA (Chestnut and Grey, 1986).
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