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PATHOGENESISS OF RHEUMATOID ARTHRITIS 

Rheumatoidd arthritis (RA) is a chronic inflammatory disease with a wide clinical spectrum, 
affectingg synovial tissue in multiple joints (1). RA is characterized by joint-pain, swelling, and 
destructionn of articular cartilage and bone, leading to deformity and disability. The overall 
prevalencee rate for RA in the western population is about 1%. 

Itt is unknown which factors are responsible for the initiation of synovial inflammation in RA. 
Severall  factors that contribute to the susceptibility for the disease have been identified. The 
associationn of RA with the inheritance of a shared motif or epitope of amino acids encoded by 
severall  different human leukocyte antigen (HLA) class II alleles in over 90% of RA patients 
indicatess involvement of genetic factors. The increased prevalence of RA in women (1) as well 
ass the protective effect of pregnancy (2) and oral contraconceptives (3) suggest involvement of 
hormonall  factors . 

Itt is generally accepted that immune-mediated mechanisms play a crucial role in the 
pathogenesiss of RA, Both antigen-specific and antigen-independent mechanisms arc proposed to 
playy a role in the disease (4). It has been suggested that the interaction between antigen-
presentingg cells and CD4+ T-cells is important in the initiation phase of an antigen specific 
immunee response, primarily caused by different exogenous or endogenous stimuli (4). 
Nevertheless,, hyperplasia of the intimal lining layer and mesenchymal-appearing cells, in the 
absencee of infiltrating lymphocytes, was observed before any clinical evidence of joint swelling 
inn an experimental study in a collagen-induced arthritis (CIA) model in mice, suggesting 
involvementt of antigen- independent mechanisms at the initiation phase of arthritis (5). 
Subsequently,, CD4+ T-cells can contribute to the perpetuation of chronic RA synovitis by 
activatingg macrophages, which leads to secretion of pro-inflammatory cytokines like interleukin 
(IL )) -1 and tumor necrosis factor a (TNF-a). These cytokines can activate the fibroblast-like 
synoviocytess (FLS) and chondrocytes resulting in secretion of cytokines and matrix 
metalloproteinasess (MMPs) by FLS (6). These proteolytic enzymes degrade proteoglycans, 
leadingg to destruction of articular cartilage. Paracrine and autocrine cytokine networks may also 
contributee to the perpetuation of chronic RA synovitis. Both antigen-specific and antigen-
independentt mechanisms are not mutually exclusive, and could probably dominate at different 
phasess of the disease. 

2.. CELLULAR ARCHITECTURE OF RHEUMATOID SYNOVIAL TISSUE 

Synoviall  tissue lines the non-cartilaginous surfaces of diarthrodial joints. Normal synovium 
consistss of the intimal lining layer, facing the articular cavity, and comprises one to three cell 
layerss without an underlining basement membrane. The prominent cell-types in the intimal 
liningg layer are mainly intimal macrophages, often referred to as macrophage-like synoviocytes, 
andd FLS. The normal synovial sublining is relatively acellular and consists of blood vessels, 
fatcells,, fibroblasts, and occasionally mononuclear cells. 
Inn RA, the inflamed synovium or pannus tissue at the invasive front is hyperthropic and 
edematous.. Villous formations bulge into the joint cavity, resulting in overgrowth of articular 
cartilagee and bone. Rheumatoid synovial tissue is characterized by intimal lining hyperplasia, 
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increasedd neovascularisation, and accumulation of T-celts, plasma cells, macrophages, B-cells, 
mastt cells, natural killer (NK) cells, granulocytes, and dendritic cells (DC) (7,8). 

2.12.1 The intimal lining layer 
Cellss in the intimal lining layer do not form tight junctions with each other, but are a loosely 
associatedd collection of intimal macrophages and FLS. The increased number of FLS in RA 
synoviumm is thought to be caused in part by impaired apoptosis (6,9). The microarchitecture of 
thee intimal lining layer suggests interaction between intimal macrophages and FLS, specifically 
viaa the CD97/CD55, the vascular cell adhesion molecule (VCAM)-l/a4pi integrin, and the 
intercellularr adhesion molecule (ICAM)-l / leukocyte function antigen (LFA)-l ligand pairs. 
(10,11,12).. FLS appear to be of mesenchymal origin and can be activated by pro-inflammatory 
cytokiness like IL-i p and TNF-a, T-cell derived IL-2 (13) or via cell membrane interactions with 
activatedd T-cells (14). After activation, both intimal macrophages and FLS are able to synthesize 
andd secrete various cytokines and MMPs. FLS play a putative role in matrix degrading activities 
thatt eventually lead to joint destruction, which is illustrated by the production of MMPs and 
cathepsinn K. (15). FLS can be distinguished from other fibroblasts by the expression of CD55 or 
complementt decay accelerating factor (10,16) and VCAM -1 (17). 

Intimall  macrophages are derived from monocyte precursors in the bone-marrow (18) and are 
situatedd in the upper parts of the lining region. Circulating monocytes pass through endothelial 
cellss and enter the synovial sublining (19). Further activation of macrophages is thought to take 
placee within the synovium. The highly activated phenotype of intimal macrophages is illustrated 
byy the synthesis of various cytokines like IL-l p and TNF-a and the high expression of CD97 
andd FCyRIIIa, HLA class II molecules and the relative low expression of CD14 (19,20,21). 
Intimall  macrophages can be detected immunohistochemically by using antibodies against CD68, 
aa marker probably associated with lysosomes and the high activity of non-specific esterase (20). 

2.22.2 T-cells 
Manyy T-cells can be found in the RA synovium, and the distribution can be distinguished into 
twoo different patterns: clusters of perivascular aggregates, representing predominantly the 
CD4+CD45RO++ (22) memory subtype, and scattered T-cells throughout the synovial tissue, in 
particularr CD8+ T-cells. 
Perivascularr aggregates consisting of CD4+ T-cells are sometimes surrounded by plasma cells 
andd are often found in association with B-cells, a few CD8+ cells, and dendritic cells (23,24). 
Thee large majority of CD4+ T-cells in the perivascular aggregates undergo local differentiation, 
reflectedd by a change in the CD45RO/CD27 phenotype (25). CD4+ T-cells reveal a 
hyporesponsivee state, characterized by diminished expression of T-cell derived cytokines, a 
dementedd level of T-cell receptor (TCR)-zeta protein, and peculiar expression of activation and 
proliferationn markers (26,27,28,29). 

2.32.3 B-cells 
Inn general, B-cells are not very prominently distributed in RA synovium. Sometimes large 
perivascularr aggregates predominadet by B-cells are found, which have a we 11-organized 
follicle-lik ee structure. In these aggregates, three different subsets can be distinguished: 1) 
terminallyy differentiated plasma cells, 2) mature CD20+ B-cells in close interaction with CD4+ 
T-cells,, and 3) activated B-cells with a germinal center (GC)-like phenotype (30). 
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Ectopicc GC-like structures in the inflamed synovium are thought to contribute to local 
generationn of anti gen-specific memory-B- cells and plasma cells (31,32,33). B-cells with GC-
phenotypee express the proliferation associated protein, KI-67. Plasma cells are considered to be 
responsiblee for the local production of immunoglobulins, including rheumatoid factors (RF), and 
aree distinguishable from other B-cell subsets by immunohistochemistry based on the strong 
expressionn of CD38 surface epitopes. 

2.42.4 Subiining macrophages 
Subliningg macrophages appear to play a pivotal role in the pathogenesis of RA, which is based 
onn their numerous presence in inflamed RA synovial tissue, the efficacy of biological therapies 
directedd against cytokines produced predominantly by macrophages (34,35), and the correlation 
betweenn the degree of macrophage infiltration/activation and clinical characteristics like joint 
pain,, systemic inflammatory response, and radiological progression of permanent joint damage 
(36,37).. Macrophages, which are derived from circulating monocytes, show clear signs of 
activation,, such as overexpression of MHC class II molecules, pro-inflammatory or regulatory 
cytokiness [e.g. IL-1 (38), IL-6 (39), IL-15 (40), IL-18 (41), TNF-a (42), granulocyte-
macrophagee colony-stimulating factor (GM-CSF) (43), chemokines, and MMPs (44), and can be 
identifiedd on the basis of their strong expression of CD68. 

2.52.5 Natural killer cells 
Thee role of NK cells in RA is unclear and littl e is known about the presence of NK cells in 
rheumatoidd synovium. This can be attributed to the downregulation of surface markers present 
onn NK cells (CD 16, CD56, CD57) following activation (45,46), making identification difficult. 
Too overcome these difficulties, an alternative approach for the detection of activated NK cells 
mayy be the use of functional markers for cytotoxic cells, such as granzymes. These serine 
proteinasess are present in cytotoxic T-cells and NK cells (47,48,49). The number of granzyme 
positivee cells is increased in RA compared to other arthritides (50,51). Two types of granzyme 
positivee cells can be distinguished in the rheumatoid synovium based on their morphology: large 
granularr lymphocytes with abundant granzyme expression and downregulated NK cell markers, 
andd small cells co-expressing CD16 and CD56 (50). 

2.62.6 Mast cells 
Increasedd numbers of mast cells are found in the rheumatoid synovium (52) and at sites of 
cartilagee destruction (53). Tryptase and chymase are mast cell-specific proteinases, and are used 
too identify two subsets of mast cells. One subset contains both tryptase and chymase; the other 
containss only tryptase. Both subsets have been demonstrated in the rheumatoid synovium where 
theyy exert distinct functions on inflammatory and degradative processes (54,55). Activated mast 
cellss can produce a variety of inflammatory mediators (56), and are frequently associated with 
pro-inflammatoryy cytokines by adjacent cell types in the rheumatoid synovium (57). 

2.72.7 Dendritic cells 
Twoo types of DCs are identified in the rheumatoid synovium. Follicular DC can be found in 
closee association with proliferating B-cells in lymphocytic aggregates and close to B-cells near 
thee intimal lining layer (58,59). They play a role in accumulation of B-cells, allowing activation 
andd maturation of the humoral immune response, and by inhibition of apoptosis of B-cells 
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(60,61).. The other subtype, interdigitating dendritic cells (IDC), are found near CD4+ cells in 
perivascularr lymphocitic aggregates and near the intimal lining layer (23,58,62), playing a role 
inn HLA class II-mediated antigen presentation to CD4+ T-cells. Antibodies recognizing 
dendriticc cell-specific ICAM-3-grabbing nonintegrin (DC-SIGN), a type II membrane-spanning 
C-typee lectin expressed on the surface of DCs, can be used to identify immature IDCs (63). 

2.82.8 Neutrophils 
Neutrophilss play an important role in inflammation and destruction of the rheumatic joint. 
Animall  studies demonstrated a pivotal role for neutrophils in the initiation, progression, and 
maintenancee in inflammatory joint disease (64), and in vitro studies revealed a direct 
involvementt of neutrophils in cartilage destruction in RA (65,66,67). Large numbers of 
neutrophilss accumulate in the synovial fluid of rheumatoid arthritis patients during the early 
stagess and exacerbations of the disease (68). However, only few neutrophils are found in 
rheumatoidd synovium (11,36). Neutrophils can be detected immunohistochemically with 
antibodiess recognizing CD15. 

3.. SYNOVIAL TISSUE ANALYSIS 

Sincee the synovium is the primary site of inflammation in RA, microscopic analysis of synovial 
tissuee could provide more insight into the pathogenesis and may be used to identify diagnostic 
(69)) and prognostic factors. The clinical relevance of examination of the synovium has been 
demonstratedd by the consistent correlation between some features of synovial tissue 
inflammationn with variables of local or systemic disease activity, severity, and outcome 
(36,37,70,71,72).. In addition, the immunohistologic features of synovial inflammation change in 
parallell  with clinical parameters in response to treatment with disease modifying antirheumatic 
drugss (DMARDs), pulse methylprednisolone, or intra-articular glucocorticoids 
(73,74,75,76,77,78). . 
Inn some immunohistologic studies, synovial biopsies from patients with early RA <<1 year) 
weree selected (11,36,79,80). Since inflammatory features are already present in uninvolved knee 
jointss (81), and no differences were found in the cellular infiltrate in synovial tissue of patients 
withh early RA compared to synovial tissue of patients with longstanding RA (36), it has been 
suggestedd that early RA already represents a chronic phase of the disease. 
Twoo sampling techniques are currently available to select synovial biopsies from the joint. Both 
thee blind synovial biopsy technique and the needle arthroscopy technique offer comparable 
biopsyy samples from the suprapatellar pouch of the joint (82). However, when tissue from other 
sitess is required, biopsies should be selected under direct vision by needle arthroscopy. 
Markedd variability in inflammatory features can be found in RA synovial tissue (83,84,85), and 
mayy be of concern for a representative immunohistologic interpretation of small biopsies, taken 
fromm one site in the knee joint. However, previous studies demonstrated that examination of 
evenn a limited area of tissue might generate representative measures of synovial inflammation 
(86,87). . 
Threee methods are used to quantify the inflammatory features in synovial tissue. Quantification 
byy counting the positively stained cells is a reliable, but time-consuming method (86). Less 
time-consumingg is the semiquantitative scoring technique, but this technique lacks sensitivity to 
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detectt small changes in synovial tissue of some patients with clinical response to treatment, 
whichh were detected when quantitative analysis was accomplished. Computer assisted digital 
imagee analysis is the most recently explored analysis technique and offers rapidly objective and 
consistentt scores. A strong positive correlation has been found between measurements of 
inflammatoryy features obtained by digital image analysis and the two other methods (88). 

4.. PATHOPHYSIOLOGICAL STUDIES ON RHEUMATOID SYNOVIUM 

Variouss pathophysiological mechanisms in the synovium of patients with RA have been studied 
byy immunohistochemical techniques. Adhesion molecules play a pivotal role in the recruitment 
off  leukocytes in the inflamed synovium via interaction of leukocytes and endothelium. Three 
familiess of adhesion molecules can be identified: the selectin family (E-selectin, P-selectin), the 
immunoglobulinn supcrfamily (ICAM-1, VCAM-1), and the intergrin family (very late antigen 
(VLA)-1,, VLA-4, Mac-1). Their expression, including E-selectin (11,89,90), P-selectin (11,91), 
VCAM-11 (11,92,93,94), ICAM-1 (11,95). VLA-1 (91), VLA-4 (11,93,96), and Mac-1 (II ) has 
beenn described in RA synovium. E-sclectin is predominantly expressed on endothelium and 
playss a role in the recruitment of leukocytes into the synovium at early stages of the disease. P-
selectinn mediates adhesion of polymorphonuclear (PMN) leukocytes and exhibit strong binding 
too stimulated CD4+ T-cells and monocytes (97). ICAM-1 and VCAM-1 are both involved in 
leukocytee adhesion and penetration through the endothelial junctions. ICAM-1 is widely 
distributedd in the synovium and binds to its ligand LFA-1, whereas VCAM-1 is predominantly 
expressedd on FLS and vascular endothelium (94). The VLA-4 molecule is the ligand for 
VCAM-11 and is present on lymphocytes, eosinophils, and monocytes (98) and plays a role in 
lymphocytee migration through its binding to fibronectin synthesized by endothelial cells (99). 
Chemokiness are also key factors for leukocyte infiltration into the inflammatory synovium. The 
majorityy of chemokines fall into two subfamilies, the CXC and CC families. CXCL-8 (IL-8), 
CXCL-55 (ENA-78), CXCL-1 (GRO-a), and MIP-2 arc chemokines involved in PMN 
recruitment,, while CCL-2 (MCP-1), CCL-3 (MIP-loi), and CCL-5 (RANTES) may account for 
thee presence of monocytes and T-cells. Expression of chemokines in RA synovium, including 
CXCL-88 (100,101), CCL-2 (79,102,103), and CCL-3 (79,103), CCL-5 (103), and various 
chemokinee receptors (103) has been demonstrated by immunohistochemistry. 
Bothh pro-and anti-inflammatory cytokines play a role in the pathogenesis of RA by mediating 
communicationn between immune cells. The expression of IL-I a (104), IL-lf l (36,105,106), IL-6 
(36,105),, TNF-a (36,106,107), IL-10 (106),IL-12 (108), IL-15 (109), IL-17 (110), IL-18 (111), 
TGF-pp (106,112), GM-CSF (113), IL-2 (114), and IFN-y (114) has been demonstrated in RA 
synoviall  tissue with immunohistochemical techniques. The techniques used in these studies 
makee it feasible to identify both cell-bound and locally produced cytokines. Detection of only 
locallyy produced cytokines, characterized by a positive staining in the Golgi organelle, can be 
performedd by using modified immunohistochemical techniques (115,116). 
Angiogenesis,, the formation of new blood vessels, is dependent on both growth factor 
stimulationn and cell adhesion events. The outcome of neovascularization in RA highly depends 
onn the imbalance between angiogenic and angiostatic mediators produced in the rheumatoid 
synovium.. The importance of new blood vessel formation in the maintenance of arthritis has 
beenn demonstrated in studies in which angiogenesis inhibitors were found to prevent onset of 
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collagen-inducedd arthritis in rodents, and significantly suppressed established disease 
(117,118,119).. Various angiogenic and angiostatic mediators have been demonstrated in RA 
synoviumm {120,121,122,123,124). 
Thee mechanisms responsible for synovial hyperplasia is not well understood and may result 
fromm an increase in cell recruitment and proliferation, as well as reduced apoptosis of FLS and 
inflammatoryy cells. Although apoptotic cells have been detected in RA (9,125), it has been 
suggestedd that the extent of apoptosis is inadequate to inhibit synovial hyperplasia. The p53 
tumorr suppressor gene is an important regulator of apoptosis and is overexpressed specifically in 
RAA (80,126). The overexpression of p53, mediated by oxidative damage (127), may be 
explainedd in part by gene mutations; mutations prolong the half-life of p53. Other explanations 
forr impaired apoptosis include overexpression of anti-apoptotic molecules, such as sentrin (128) 
andd increased NFKB activity (129). 

5.. SYNOVIAL TISSUE RESPONSES TO INOVATIVE THERAPIES 

Synoviall  biopsies have been studied systematically for the evaluation of the effects of biological 
therapyy on rheumatoid synovium to provide more insight into the mechanisms of action of the 
treatment.. A significant reduction of CD4+ T-cells, macrophages, plasma cells, and FLS was 
foundd after treatment with depleting anti-CD4 antibodies (cM-T412) (130). This study revealed 
noo clinical efficacy, which is explained by the persistent production of macrophage-derived 
cytokiness in the synovium (130). Another explanation may be the relative insensitivity of Thl-
likee memory CD4+ T-cells to cM-T412 treatment (131,132). 
Treatmentt with anti-TNF-a antibodies (infliximab) resulted in a reduction of synovial cellularity 
andd expression of the adhesion molecules E-selectin and VCAM-1 (133) and was associated 
withh clinical improvement. Treatment with the monoclonal antibody Campath-1H (134) 
demonstratedd recurrent clinical synovitis in some patients, despite profound depletion of 
circulatingg lymphocytes, which clearly reveals the possible discrepancy between peripheral 
bloodd and synovial tissue responses to monoclonal antibodies. Treatment with IL-IRa also 
resultedd in reduced mononuclear cell infiltration of the synovial membrane associated with 
clinicall  improvement (135). 
Takenn together, these studies provided evidence that synovial tissue analysis is a sensitive 
methodd to evaluate anti-rheumatic therapies requiring relatively small numbers of patients. 

6.. OUTLINE OF THIS THESIS 

Immunohistochemicall  analysis of synovial tissue is a reliable and sensitive method to study 
pathophysiologicall  changes and to evaluate the effects of new biological compounds and 
conventionall  antirheumatic drugs. 

Sectionn 1 is focussed on different methodological aspects of tissue sampling and analysis 
techniquess of synovial tissue. 
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Thee major disadvantage of quantitative analysis by manual cell counting is the time-consuming 
characterr of the method. Semiquantitative analysis is a relatively less time-consuming method, 
andd the study described in Chapter 2 compared semiquantitative with quantitative analysis of 
T-celll  and macrophage infiltration in RA synovial tissue. 

Severall  studies suggest that the cellular composition in synovial tissue taken from different sites 
inn the joint may reflect differences in cellularity and expression of cytokines and proteolytic 
enzymes.. Chapter 3 describes the cell infiltrate and mediators in joint-destruction in paired 
synoviall  tissue from patients with active arthritis, but who did not require joint replacement, 
selectedd at arthroscopy from the cartilage-pannus junction (CPJ) and the suprapatellar pouch. 

Inn most older studies examining RA synovial tissue, samples were obtained from end-stage, 
destructivee RA during joint replacement. The selection of these patients could bias the features 
off  the synovial tissue, since the characteristics of synovial inflammation and local disease 
activityy are associated. Chapter 4 describes the cell infiltrate and expression of pro-
inflammatoryy cytokines, angiogenic factors, and MMPs in synovial tissue from patients with 
activee RA, selected at arthroscopy, compared with synovial tissue from end-stage, destructive 
RAA obtained during joint replacement. 

Thee studies presented in Section 2 describes different pathogenetic studies: 
 Comparison of the immunohistologic features and expression of cytokines of rheumatoid 

synoviumm and synovium of patients with reactive arthritis (ReA). 
 Determination of the activation state and proliferation rate of synovial tissue T-cells in 

patientss with early and longstanding RA. 
 Determination of p53 expression in ST from RA patients in different stages of the disease, 

comparedd with disease controls 

ReAA is characterized by a usually self-limiting arthritis. Chapter 5 describes a comparative 
studyy of the features of RA and ReA synovial tissue, which may provide insight into 
mechanismss responsible for the chronic and destructive course of RA. 

Thee study presented in Chapter 6 describes the expression of T-ccll derived cytokines, 
activationn and proliferation markers in synovial tissue T-cells of patients with early and 
longstandingg RA. to find out whether T-cell driven immune responses vary during the course of 
thee disease. 

Severall  studies suggest that FLS are transformed in RA. The p53 tumor suppressor gene is 
overexpressedd in synovial tissue (ST) from patients with longstanding RA. Chapter 7 describes 
thee expression of p53 in synovial tissue from RA patients in different stages of the disease, 
comparedd with disease controls. 

Thee studies presented in Section 3 describes the effects of biological therapies on synovial 
inflammation n 
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Relativelyy little is known about the immunohistologic features in serial synovial biopsy 
specimenss from RA patients who receive placebo or other treatment that does not result in 
clinicall  improvement. This information is essential, since placebo effects, regression to the 
mean,, or a beneficial effect of the biopsy procedure itself may lead to decreased scores for 
inflammationn in the second biopsy sample. Chapter 8 describes the scores for infiltration by 
inflammatoryy cells and for expression of cytokines in serial biopsies from RA patients who 
receivedd placebo or who were treated with recombinant human IL-10 (rHuIL-10) without 
clinicall  improvement. 

Interferon-betaa (IFN0) treatment is emerging as a potentially effective form of therapy in 
variouss immune-mediated conditions. The study described in Chapter 9 evaluated the effects of 
IFNfii  therapy on the cell infiltrate, cytokine profile, and expression of MMP-1 in synovial tissue 
fromm patients with RA. To further assess the mechanism of action, in vitro experiments were 
conductedd to determine the effects of IFNfS on the production of MMP-1, MMP-3, tissue 
inhibitorr of metalloproteinases 1 (TIMP-1), and prostaglandin E: (PGE2) by human FLS. 
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