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PATHOGENESI SS OF RHEUMATOI D ARTHRITI S 

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.. CELLULA R ARCHITECTUR E OF RHEUMATOI D SYNOVIA L 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 ANALYSI S 

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.. PATHOPHYSIOLOGICA L STUDIES ON RHEUMATOI D 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 INOVATIV E THERAPIE S 

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.. OUTLIN E OF THI S 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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ABSTRACT T 

Microscopicc measurement of inflammation in synovial tissue may be important in studies of 
clinicall  status, prognosis and response to treatment. The aim of this study was to compare 
quantitativee microscopic analysis of inflammation with a semiquantitative grading system in 
rheumatoidd arthritis (RA) synovial membrane. 
Kneee synovial membrane samples from 16 patients with RA, including paired samples taken 
beforee and after treatment in nine patients, were immunostained with anti-CD68 and anti-CD3 
monoclonall  antibodies using standard techniques. The intensity of macrophage and T-
lymphocytee infiltration was measured both by quantitative and semiquantitative techniques, 
andd the results were compared. 
Inn a cross-sectional comparison, both methods correlated significantly for lining layer 
macrophagee infiltration, as well as sublining layer macrophage and T-cell infiltration. 
However,, in some patients demonstrating a clinical response to treatment, semiquantitative 
analysiss lacked sensitivity to biologically relevant changes in mononuclear cell infiltration. 
Thesee observations have important implications for future studies of therapeutic modalities 

INTRODUCTIO N N 

Thee abnormal pathological processes which may result in joint destruction in rheumatoid 
arthritiss (RA) include macrophage infiltration and hypertrophy of the synovial lining layer as 
welll  as mononuclear cell infiltration of the sublining layer (1). Accurate quantitative analysis of 
synoviall  inflammation in the RA synovial membrane is essential when evaluating these 
processess and when assessing innovative treatment modalities. There are a number of 
microscopicc methods for assessing the parameters of synovial inflammation including detailed 
quantitativee analysis (2), semiquantitative analysis (3-9) and computer-assisted image analysis 
(10).. Quantitative analysis involves systematic evaluation of each microscopic field of tissue. 
Thiss technique is painstaking and time consuming although more recent studies have suggested 
thatt analysis of a limited number of microscopic fields provides measures that are 
representativee of the entire tissue area, thereby limiting the analysis time (II) . Computer-
assistedd image analysis has been increasingly used to assess some immunohistochemical 
characteristicss and has the advantage of reproducibility and the ability to assess accurately the 
densityy of a stain (and thereby the concentration of the substance being detected). It is also time 
consumingg and requires specialised expensive equipment. Semiquantitative analysis involves 
assigningg one of a limited number of scores and is relatively less time consuming than detailed 
quantitativee analysis. The present study compared semiquantitative with quantitative 
assessmentt of T-cell and macrophage infiltration of RA synovial tissue and analysed the 
sensitivityy of both techniques in identifying changes in disease activity. Although a highly 
significantt correlation was observed between the two scoring methods for lining and sublining 
macrophagee infiltration and T-cell infiltration, quantitative analysis was more sensitive to 
small,, but biologically significant changes. 
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METHOD S S 

Patients s 
Kneee synovial biopsies were obtained from patients who fulfilled the 1987 American College 
off  Rheumatology criteria for RA (12) and who were enrolled in treatment studies using 
methotrexate,, Interleukin-10 (IL-10) infusion or placebo. Clinical assessment was performed 
onn the day of thee biopsy and consisted of patient and physician global scores of disease activity 
ass well as tender and swollen joint counts. Laboratory assessment included the C-reactive 
proteinn (CRP) level. 
Biopsiess were obtained either arthroscopically or using a Parker-Pearson needle (13). 
Immediatelyy after harvesting, the synovial tissue was embedded in Tissue Tek optimum-
cutting-temperaturee embedding medium (Miles Inc. Diagnostic Division, Elkhart, IN) and snap 
frozenn and stored in liquid nitrogen. Serial 5um cryosections were mounted on glass slides 
(Starr Frost adhesive slides, Knittelglaser, Braunschweig, Germany), fixed in acetone at room 
temperaturee for 10 minutes, air-dried overnight, wrapped in aluminium foil and stored at -70°C 
untill  immunohistochemical analysis. 

Immunoperoxidasee staining 
Sectionss were stained as previously described (2) with the mouse anti-human monoclonal 
antibodiess (mAb) anti-CD3 (Leu-4), Becton-Dickinson, San Jose, CA) which stained all T-
lymphocytess and anti-CD68 which stained tissue macrophages. Immunohistochemical labelling 
off  synovial membranes was performed using a standard three-stage immunoperoxidase method. 
Beforee use, the slides were warmed to room temperature and air-dried. Between each step, the 
slidess were washed with Tris-buffered saline. The primary antibodies (diluted in 1% w/v 
bovinee serum albumin) were incubated for 60 minutes at room temperature. Horseradish 
peroxidasee (HRP) -conjugated goat anti-mouse antibody (Dako, Glostrup, Denmark) was 
incubatedd for 30 minutes, followed by HRP-conjugated swine anti-goat antibody (Tago, 
Burlingame,, CA, USA) for 30 minutes. Enzyme activity was detected using hydrogen peroxide 
ass substrate and amino ethylcarbazole (Sigma, St Louis, MO, USA) as dye. Nuclear 
counterstainingg was performed with Mayer's haematoxylin (Merck, Darmstadt, Germany) and 
mountedd in Kaiser's glycerol gelatin (Merck). Negative controls included omission of primary 
antibodiess or the application of irrelevant isotype-specific antibodies. 

Analysiss of synovial tissue 
Thee sections were coded and randomly analysed by blinded observers. They were scored 
accordingg to two different methods. Quantitative analysis was performed by a single observer 
(PY)) as previously described (2). All sections were examined under x400 magnification using a 
lmmm graticule. All high-power fields were included in the analysis. In the lining layer, the 
numberr of CD68+ cells was counted up to a maximum of 300 cells/section. Measurements of 
CD68++ and CD3+ infiltration in the synovial sublining layer were also performed by using a 
graticulee and examining every high-power field of the sublining layer from each patient. The 
numberr of positively stained cells was recorded in every high power field. Mean values for 
eachh patient were derived from all measurements for that patient. Lining and subining cell 
countss were expressed as the mean count per mnr by multiplying by a conversion factor of 
0.0625"1.. The intraobserver variability was <5% (data not shown). 
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Semiquantitativee analysis was performed as previously described (3-6). Lining CD68 and 
subliningg CD68 and CD3 expression were scored on a five-point scale of 0-4 by two blinded 
observerss (TJMS and PPT) who were unaware of the clinical details. A score of zero 
representedd no or minimal infiltration, while a score of four represented intense infiltration. 
Scoringg by the two observers was identical or differed by one point. These small differences 
weree resolved by conference. 

Statisticall  analysis 
Resultss are given as mean and range of scores. StatviewSE +Graphics statistical software 
(Abacuss Concepts, Berkeley, CA) was used. Correlations were determined using Spearmans 
correlationn coefficient (rs). After categorisation of the semiquantitative variables, correlations 
weree further determined using the Kruskal-Walis test. Differences were considered to be 
significantt at P<0.05. 

RESULTS S 

Twentyy six synovial tissue samples were obtained from the knee joints of 16 patients with RA. 
Inn 10 patients there were paired samples: in nine patients from before and after treatment 
(methotrexate,, IL-10 infusion or placebo), and in one patient biopsies were obtained 
simultaneouslyy from both knees. 

Measurementss of CD68+ cell infiltratio n 
Twentyy two biopsies were analysed for CD68+ cell infiltration. For both the lining and 
subliningg layers, the range of semiquantitative scores was 1-4. The range of quantitative values 
obtainedd was 43 to 786 cells/mm̂  for lining layer CD68+ cells and 24 to 634 cells/mm̂  for 
subliningg CD68+ cells. Figure 1 demonstrates highly significant correlations between the two 
scoringg methods for both the lining layer CD68+ cell scores (Spearman rank correlation 
coefficientt (rs = 0.86, p = 0.0001, Figure la) and the sublining layer CD68+ cell scores (rs = 
0.82,, p = 0.0002, Figure lb). When the semiquantitative variables were categorised with score 
off  1 = category 1 and score 2 = category 2 and so forth, and analysed using the Kruskal-Walis 
test,, there was also a significant correlation between both scoring methods (H = 16.3, p = 0.001 
forr lining CD68 and H = 14.5, p = 0.002 for sublining CD68 expression). It was observed that 
eachh increment in semiquantitative scoring was associated with an increment in the mean 
quantitativee scores (Table 1). However, there was overlap between ranges of the quantitative 
scoress represented by the various semiquantitative scores, especially for the semiquantitative 
scoress 1 and 2 (Table 1 and Figures la and lb). 

Measurementss of CD3+ cell infiltratio n 
Twentyy one biopsies were analysed for CD3+ cell infiltration. The range of semiquantitative 
scoress was 1-4 and the range for quantitative scores 58-1501 cells/mm . A highly significant 
correlationn between the two scoring methods was observed (rs = 0.90, p - 0.0001, Figure 1c). 
Whenn the semiquantitative variables were categorized and analysed using the Kruskal-Walis 
test,, a significant correlation between both scoring methods persisted (H = 16.3, p = 0.001). It 
wass observed that each increment in semiquantitative scoring was associated with an increment 
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inn the mean quantitative scores (Table 1). However, there was overlapping of the quantitative 
scoress in different semiquantitative categories, especially for scores of 2 and 3 (Table 1 and 
Figuree lc). 

TableTable 1: Quantitative and semiquantitative scoring methods 

Quantitativee score 

meann (range) 

semiquantitativee score CD68+ cells CD68+ celts CD3+ cells 

liningg layer sublining layer sublining layer 

11 164(43-285) 127(24-191) 96(58-142) 

22 253 (156-365) 218 (115-332) 332 (113-530) 

33 474 (372-666) 454(252-609) 605(307-839 

44 748(710-786) 634̂  1348(1122-1501) 

**  Only one patient in this category? 

Sensitivityy to change of quantitativ e and semiquantitative methods 
Thee sensitivity to change of both measurement methods was evaluated by analysing biopsy 
sampless taken before and after treatment in nine patients (Table 2). Patients 1-6 demonstrated a 
clinicall  improvement, reflected by a reduction in the CRP values. In patients 1-5 the clinical 
responsee also included reductions in patient and physician global scores. The remaining three 
patientss (numbers 7-9, Table 2) failed to demonstrate a clinical response, with no change in 
seriall  CRP values or other clinical scores. In five of the six patients who improved clinically, 
seriall  measurements of CD68+ cell infiltration were available. Reductions in CD68+ cell 
countss in both the lining and sublining layers were observed in all following quantitative 
analysis,, but in only two and three patients, respectively, following semiquantitative analysis. 
Semiquantitativee scoring was sensitive enough to detect reductions of 74, 60 and 13% in 
CD68++ lining layer cell counts (patients 1, 3 and 4, respectively) but not reductions of 11 and 
60%% (patients 2 and 6, respectively). Semiquantitative scoring was sensitive enough to detect 
reductionss of 64 and 65% in CD68+ sublining layer cell counts (patients 1 and 3, respectively) 
butt not reductions of 34, 23 and 44% (patients 2, 4 and 6, respectively), even though these 
smallerr reductions appeared to be biologically relevant as they were associated with clinical 
improvement.. The decreased sensitivity appeared to be greatest when assigning the 
intermediatee scores of 2 and 3. 

Seriall  measurements of CD3+ cell infiltration were available in 3 patients who improved 
clinicallyy (Table 2). Differences in CD3+ cell counts were observed in all three patients 
followingg quantitative analysis and in two patients following semiquantitative analysis. 
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TableTable 2. Sensitivity Sensitivity to clinical changes oj quantitative and semiquantitative scoring methods. 

Patient* * 

la la 
b b 
2a a 
b b 
33 a 
b b 
4a a 
b b 
5a a 
b b 
6a a 
b b 
7a a 
b b 
8a a 
b b 
9a a 
b b 

CD688 i cells lining layer 

Quantitative e 
scores s 

(cellss mm") 

786 6 
286 6 
447 7 
400 0 
710 0 
285 5 
418 8 
365 5 
ND D 
ND D 
272 2 
110 0 
203 3 
221 1 
ND D 
ND D 
43 3 
245 5 

Semiquantitative e 
scores s 

4 4 
2 2 
3 3 
J J 

4 4 
1 1 
3 3 
2 2 

ND D 
ND D 

1 1 
1 1 
2 2 
2 2 

ND D 
ND D 

1 1 
1 1 

CD68++ cells sublining 
layer r 

Quantitative e 
scores s 

(cellss mm") 

634 4 
229 9 
491 1 
325 5 
543 3 
191 1 
332 2 
255 5 
ND D 
ND D 
332 2 
186 6 
115 5 
136 6 
ND D 
ND D 
24 4 
142 2 

Semiquantitative e 
scores s 

4 4 
2 2 
3 3 
3 3 
3 3 
1 1 
2 2 
2 2 

ND D 
ND D 
2 2 
2 2 
2 2 
2 2 

ND D 
ND D 

1 1 
2 2 

CD68++ cells sublining 
layer r 

Quantitative e 
scores s 

(cellss mm") 

307 7 
133 3 
1420 0 
1122 2 
ND D 
ND D 
ND D 
ND D 
1501 1 
258 8 
ND D 
ND D 
66 6 
103 3 
530 0 
426 6 
80 0 
113 3 

Semiquantitative e 
scores s 

3 3 
1 1 
4 4 
4 4 

ND D 
ND D 
ND D 
ND D 
4 4 
2 2 

ND D 
ND D 

1 1 
1 1 
2 2 
2 2 
1 1 
2 2 

CRP P 
(mg/1) ) 

69 9 
4 4 

127 7 
50 0 
12 2 
4 4 
75 5 
38 8 
130 0 
52 2 
42 2 
28 8 
79 9 
83 3 
93 3 
922 1 
26 6 
25 5 

ND,ND, not determined. 
**  Each patient had two biopsies: (a) is the pre-treatment biopsy and (b) the post-treatment biopsy. 
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FigureFigure I. Correlations between detailed quantitative analysis and semiquantitative scoring for CD68+ and CD3 + 

cellcell infiltration. There were highly significant correlations between quantitative and semiquantitative scoring 

methodsmethods for both lining layer CD68  ̂ cell infiltration tSpearman rank correlation coefficient (r ~ 0.86, /> -

0.0001,0.0001, Figure la) and sublining layer CD68+ cell infiltration (r = 0.82. p = 0.0002. Figure lb). There was 

alsoalso a highly significant correlation between the quantitative and semiquantitative analysis of CD3+ cell 

infiltrationinfiltration ti\. = 0.90. p = 0.0001. Figure 1c). 
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DISCUSSION N 

Inn this study, semiquantitative analysis of synovial membrane macrophage and lymphocyte 
infiltrationn was compared with a quantitative method of measurement. Cross-sectional analysis 
demonstratedd that the more rapid semiquantitative method provided results on a scale of 0-4 
whichh correlated significantly with detailed quantitative analysis. However, for each individual 
semiquantitativee score, a wide range of quantitative values was noted. For example, samples 
allocatedd a semiquantitative score of one for lining layer CD68+ cells demonstrated 
quantitativee values ranging from 43 to 285 cells/mm , and a semiquantitative score of two 
accomodatedd quantitative scores ranging between 156 and 365 cells/mm . These observations 
representt a considerable degree of overlap which was also observed in relation to sublining 
CD68++ and CD3+ cells. In cross-sectional studies of clinical status or disease mechanisms 
involvingg analysis of synovial immunohistochemistry, the observed degree of overlap may not 
alwayss be of importance and thus semiquantitative analysis may be appropriate in some studies. 
However,, in sequential studies of therapeutic effects, where small but biologically relevant 
changess may be sought, it is imperative that analysis of synovial immunohistochemistry should 
bee of sufficient sensitivity to identify subtle, biologically significant trends. In the current 
study,, it was observed that small reductions in mononuclar cell infiltration of the order of 10-
40%% were associated with clinical improvement. Although possible, it is unlikely that such 
smalll  changes are the direct cause of the clinical improvement. It is more likely that these 
smallerr changes in mononuclear cell numbers reflect changes in mononuclear cell function and 
thee expression of proinflammatory mediators and cell adhesion molecules both by mononuclear 
cellss and perhaps other cells in the synovial lining. It appears from this study that 
semiquantitativee analysis may underestimate or fail to identify important therapeutic effects. 
Thus,, in five patients who demonstrated a clinical response to treatment, reflected by a 
significantt fall in serum CRP levels as well as physician and patient global scores, 
semiquantitativee analysis failed to demonstrate a reduction in the number of lining layer 
CD68++ cells in two patients and in sublining layer CD68+ cells in three patients, whereas all 
thesee patients had reductions in CD68+ cells when analyzed quantitatively. Although the 
numberss of patients in this study are small, the findings indicate that reductions in T-cells, 
macrophagess and other inflammatory parameters, demonstrated using semiquantitative grading 
systemss in previous studies on the effects of anti-CD4 antibodies (3) and anti-TNF-a antibodies 
(4),, are likely to be relatively conservative and may even have underestimated the effects of 
thesee treatments. It has been demonstrated that quantitative analysis of a limited number of 
randomlyy selected microscopic fields will provide values which are representative of the entire 
tissuee area, thus reducing the time required to perform quantitative analysis (11). 
Inn summary, significant correlations were observed between semiquantitative and quantitative 
measuress of synovial membrane inflammation in a cross-sectional comparison. However, in 
somee patients demonstrating a clinical response to treatment, semiquantitative analysis lacked 
sensitivityy to biologically relevant changes in cellular infiltration in some patients 
demonstratingg a clinical response to treatment. Although larger studies of sequential synovial 
biopsiess after treatment are required to confirm these observations, they have important 
implicationss for future studies of therapeutic modalities. 
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ABSTRACT T 

Objectives.Objectives. Examination of synovial tissue (ST) obtained at surgery because of end-stage 
destructivee rheumatoid arthritis (RA) showed that macrophages and fibroblasts are the major 
celll  types at the cartilage-pannus junction (CPJ). The aim of this study was to define the cell 
infiltratee and mediators of joint destruction in ST selected at arthroscopy from the CPJ in RA 
whoo did not require joint surgery. 
Methods.Methods. Paired synovial biopsy specimens were obtained at arthroscopy from ST adjacent to 
thee CPJ and the suprapatellar pouch from the knee joints of 17 patients with RA. 
Immunohistologicall  analysis was performed using monoclonal antibodies (mAb) to detect T-
cells,, B-cells, plasma cells, macrophages, fibroblast-like synoviocytes, mast cells, and 
granzymee B+ cytotoxic cells as well as the expression of metalloproteinase (MMP)-l, MMP-3, 
andd MMP-13. The sections were evaluated by computer-assisted image analysis and 
semiquantitativee analysis. 
Results.Results. The cell infiltrate comprised mainly T-cells, macrophages, and plasma cells. The ST 
wass also infiltrated by the other cell types, but at lower numbers. Expression of MMPs was 
abundant,, especially for MMP-3. The features of ST at the CPJ were generally similar to those 
att the suprapatellar pouch. 
Conclusions.Conclusions. The synovium at the CPJ in patients with RA who did not require joint surgery 
exhibits,, in general, the same type of cell infiltrate and expression of MMPs and granzymes as 
STT from the suprapatellar pouch. The pathological changes that have been described at the CPJ 
inn patients with RA with end-stage, destructive disease may well reflect the transition to a 
processs in which macrophages, fibroblasts-like synoviocytes, and other cell types become 
increasinglyy important. 

INTRODUCTIO N N 

Rheumatoidd arthritis (RA) is characterized by synovial membrane inflammation, leading to 
invasionn of synovial tissue (ST) into the adjacent cartilage matrix, with proteolytic degradation 
off  articular cartilage and bone as a consequence. Previous histopathologic studies on ST, 
obtainedd during therapeutic arthrothomy procedures on knee joints of patients with RA, showed 
thatt the majority of cell types at the cartilage-pannus junction (CPJ) consist of macrophages and 
fibroblastss (1-6), Mast cells (7) and polymorphonuclear leukocytes (PMNs) (8) can also be 
found,, but T cells arc rarely found at the CPJ. Immunoreactive cells located at the CPJ from 
arthrothomyy samples are often locally concentrated in different micro-foci of the same junction 
(I).. In addition, the expression of the proinflammatory cytokines tumor necrosis factor (TNF-a) 
andd interleukin (IL)-i p has been described at the CPJ (9,10). These cytokines can induce the 
synthesiss of matrix metalloproteinases (MMPs) in fibroblast-like synoviocytes (FLS) and 
articularr cartilage (11-13). They are believed to induce degradation of cartilage and bone, and 
inhibitt proteoglycan synthesis. It has previously been shown that cells expressing serine 
proteinasee granzyme B are found both in ST at the CPJ (14) and in ST obtained from the 
suprapatellarr pouch (15). The levels of soluble granzyme B in synovial fluid (16) and the 
numberr of granzyme B positive cells in ST (15) are specifically increased in RA and may 
contributee to joint destruction by degrading proteoglycans. 
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Thee aim of this study was to define the cell infiltrate and mediators of joint destruction in 
arthroscopicallyy obtained ST from tissue adjacent to CPJ, compared with paired ST obtained 
fromm the suprapatellar pouch. 

METHOD S S 

Patients s 
Seventeenn patients with active RA and arthritis of a knee joint were investigated. Nine patients 
fromm the Repatriation General Hospital in Daw Park, South Australia, and eight patients from 
thee Leiden University Medical Center were included. All patients fulfilled the American 
Collegee of Rheumatology criteria for RA (17) and had active arthritis, defined as follows: six or 
moree tender joints, six or more swollen joints, and at least one of the following two criteria: 
durationn of morning stiffness > 45 min, or an erythrocyte sedimentation rate (ESR) > 28 mm/hr. 
Laboratoryy assessment included the measurement of serum levels of C-reactive protein (CRP) 
andd rheumatoid factors. All patients gave informed consent, and the study protocol was 
approvedd by the medical ethics committees. 

Synoviall  tissue 
AA small-bore arthroscopy (2.7 mm arthroscope, Storz, Tuttlingen, Germany) was performed 
underr local anesthesia. Biopsy specimens of ST were obtained from each patient from the CPJ 
andd the suprapatellar pouch. The samples were separately snap-frozen in Tissue-Tek OCT 
(Miless Diagnostics, Elkhart, IN, USA). The frozen blocks were stored in liquid nitrogen. 
Cryostatt sections (5pm) were mounted on glass slides (Star Frost adhesive slides, Knittelglaser, 
Braunschweig,, Germany). The glass slides were sealed and stored at -70°C until 
immunohistologicall  analysis. 

lmmunohistochemistry y 
Seriall  sections were stained with the following mouse monoclonal antibodies (Mab): anti-CD3 
(Bectonn Dickinson, San Jose, CA), anti-CD4 (Leu-3a, Becton Dickinson), anti-CD8 (DK25, 
DAKO,, Glostrup, Denmark), anti-CD22 (CLB-B-Ly/1, Central Laboratory of the Netherlands 
Redd Cross Blood Transfusion Service, Amsterdam, The Netherlands), anti-CD38 (Leu-17, 
Bectonn Dickinson), anti-CD68 (EBM11, DAKO), Mab 67, which recognizes CD55, anti-mast 
celll  tryptase (AA1, DAKO), anti-MMP-1, which recognizes both latent and active MMP-1 
(36665.111,, R&D Systems Europe Ltd, Abingdon, UK), anti-MMP-3, which recognizes both 
latentt and active MMP-3 (10D6, R&D), anti-MMP-13, which recognizes both latent and active 
MMP-133 (181-15A12, Oncogene Research products, Cambridge, MA), and anti-granzyme B7 
(GrB-7,, Sanbio, Uden, The Netherlands). 
Endogenouss peroxidase activity was inhibited using 0.1% sodium azide and 0.3% hydrogen 
peroxidee in PBS. Staining for cell markers was performed, as described previously (18). After a 
primaryy incubation step with Mabs, bound antibody was detected by a three-step, 
immunoperoxidasee method. Staining for MMP-1, MMP-3, MMP-13, and granzyme B7 was 
performedd using biotinylated tyramine for amplification. The primary antibodies were 
incubatedd for 60 min. Horseradish peroxidase (HRP)- conjugated goat anti-mouse was added 
forr 30 min, followed by subsequent incubation with biotinylated tyramine for 30 min and 
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HRP-conjugatedd steptavidin for 30 min. HRP activity was detected using hydrogen peroxide as 
substratee and aminoethylcarbazole (AEC) as dye. Slides were counterstained with Mayer's 
hemalumm solution (Merck, Darmstadt, Germany) and, after washing with distilled water, 
mountedd in Kaiser's glycerol gelatin (Merck). Affinity-purified and HRP- conjugated goat anti-
mousee antibody was obtained from DAKO, affinity purified HRP- conjugated swine anti-goat 
Igg from Tago (Burlingame,CA), biotinylated tyramine and HRP- conjugated streptavidin were 
obtainedd from Nen™ Life Science Products (Boston, MA), and AEC from Sigma (St. Louis, 
MO). . 

Microscopicc analysis 
Afterr immunohistochemical staining, coded sections for CD3, CD4, CD8, CD22, CD38, CD68, 
MMP-1,, and granzyme B7 were analyzed in a random order by computer-assisted image 
analysis.. For CD3, CD4, CD8, CD38, CD68, and MMP-1, 20 high power fields (HPF), and for 
CD222 and granzyme B7, six HPFs were analyzed. The HPF images were analyzed using the 
Qwinn analysis system (Leica, Cambridge, England) (19). Coded sections for CD3, CD4, CD8, 
CD22,, CD38, CD68, CD55, mast cells, MMP-1. MMP-3, and MMP-13 were also scored 
scmiquantitavelyy on a five point scale by two independent observers in a random order, as 
describedd previously (18,20). The number of granzyme B7 positive cells were each recorded in 
everyy HPF (x 312.5 magnification). A five point scale was used: 0 = < 0.5, 1 = 0.6 - 1.5, 2 = 1.6 
-- 5.0, 3= 5.1 - 9.0, and 4= > 9.1 mean granzyme B+ cells per HPF. 

Statisticall  analysis 
Thee Wilcoxon signed ranks test for matched pairs was used to compare synovial tissue derived 
fromm CPJ and suprapatellar pouch. In addition, the Spearman rank correlation between 
immunohistologicall  scores and disease duration in the CPJ group was calculated (data not 
shown). . 

RESULTS S 

Clinicall  and demographic features 
Clinicall  and demographic data of the RA patients included in the study are presented in Table 
1.. The study group comprised 11 women and six men, with a mean (SD) age was 66 (12) years 
(rangee 43-80) and a mean disease duration of 120 (125) months (1-336). The mean (SD) serum 
levell  of CRP was 43 (33) mg/I (1-116). Erosions were present in 11/17 patients and 10 patients 
weree seropositive for IgM rheumatoid factor. All patients were treated with non-steroidal anti-
inflammatoryy and 15/17 patients were treated with disease modifying antirheumatic drugs. 

Immunohistochemistry y 
Thee semiquantitative scores for infiltration by inflammatory cells and the scores for expression 
off  mast cells, MMP-1, MMP-3, MMP-13, and granzyme B In ST of patients with RA were, on 
average,, similar when the ST biopsies derived from the CPJ were compared with those derived 
fromm the suprapatellar pouch (P>0.1) (Table 2). Of interest, T- cells were also seen at the CPJ 
(Appendix,, Figure 1). There was no correlation between the semiquantitative scores and disease 
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Patient t 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

11 1 

12 2 

13 3 

14 4 

15 5 

16 6 

17 7 

Age e 

(years) ) 

54 4 

55 5 

48 8 

65 5 

58 8 

80 0 

80 0 

43 3 

77 7 

76 6 

72 2 

60 0 

77 7 

70 0 

75 5 

76 6 

59 9 

Sex x 

(M/F) ) 

M M 
M M 

F F 

M M 

F F 

F F 

F F 

F F 

M M 

F F 

F F 

F F 

M M 

M M 

F F 

F F 

F F 

Diseasee duration 

(months) ) 

30 0 

276 6 

84 4 

288 8 

276 6 

336 6 

336 6 

120 0 

17 7 

120 0 

13 3 

24 4 

180 0 

1 1 

3 3 

I I 

216 6 

Diseasee modifying 

antirheumaticc drugs 

Plaqucnil l 

--
MTX X 

MTX X 

MTX X 

Prednison n 

Prednison n 

MTX,, Prednison, Cyclo 

Gold d 

Cyclosporin n 

--
Plaquenil l 

Gold d 

Gold,, MTX 

Gold d 

Gold d 

MTX X 

CRP CRP 

(Mg/L) ) 

14 4 

37 7 

4 4 

27 7 

17 7 

45 5 

45 5 

29 9 

1 1 

46 6 

35 5 

80 0 

16 6 

116 6 

47 7 

32 2 

108 8 

RF F 

(+/-) (+/-) 

--
--
--
+ + 

--
+ + 

+ + 

+ + 

. . 
+ + 

+ + 

--
+ + 

+ + 

+ + 

--
+ + 

Erosions s 

(+/-) ) 

+ + 

--
+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

--
+ + 

+ + 

--
+ + 

--
--
--
+ + 

TableTable I: Demographic and clinical data of the eight patients with rheumatoid arthritis from Leiden and the nine 
patientspatients from Daw Park, who were studied for variations in cell infiltrate, and expression of matrix 
metalloproteinasesmetalloproteinases andgranzyme B of synovial tissue from cartilage-pannus junction and suprapatellar pouch. 

CD33 (aggregates) 

CD33 (diffuse) 

CD4 4 

CD8 8 

CD22 2 

CD38 8 

CD688 (lining) 

CD688 (sublining) 

CDS5 5 

Mastcells s 

MMP- 1 1 

MMP- 3 3 

MMP-13 3 

Granzvmee B7 

n n 

17 7 

17 7 

17 7 

16 6 

17 7 

17 7 

16 6 

16 6 

17 7 

16 6 

15 5 

15 5 

15 5 

15 5 

CPJ J 

1.55 7 

2.99  1.0 

2.55 + 0.9 

2.33 8 

2.33 9 

2.55  1.3 

2.11 7 

3.11 9 

1.77 7 

1.99  0.8 

1.77  1.0 

2.66 4 

2.55 5 

1.33  1.0 

Non-CPJ J 

1.55 + 0.8 

2.7++ 1.0 

2.22 0 

2.3++ 1.1 

1.99 7 

2.3+1.3 3 

1.9++ 1.1 

2.88 8 

1.44 + 0.5 

1.99  0.9 

1.8  1.3 

2.3++ 1.4 

2.55  1.0 

1.5  1.3 

TableTable 2. Mean semiquantitative 

scoresscores for the expression of 

CD3+,CD3+, CD4+. andCD8+ T-cells, 

CD22+CD22+ B-cells, CD38+ 

plasmacells,plasmacells, CD68+ 

macrophages,macrophages, CD55+fibroblast-

likelike synoviocytes, and the 

expressionexpression of mastcells, MMP-J, 

MMP-3,MMP-3, MMP-13, andGranzyme 

B7B7 in synovial tissue (ST) derived 

fromfrom cartilage-pannus junction 

(CPJ)(CPJ) and suprapatellar pouch 

(non-CPJ)(non-CPJ) from patients with 

rheumatoidrheumatoid arthritis (RAJ. 

TheThe data represent: mean
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CPJJ Non-CPJ 

12288 + 208 

4411 1 

1444 7 

2022 1 

14111 0 

29688 9 

644  136 

717499  11356 

12788 5 

4377  85 

260++ 143 

1277 + 25 

11733 1 

26544 + 249 

703++ 131 

638500 + 9280 

CD33 (count) 

CD44 (count) 

CD88 (count) 

CD222 (count) 

CD388 (count) 

CD688 sublining 

Granzymee B (IOD) 

MMP- 11 (IOD) 

17 7 

17 7 

16 6 

17 7 

17 7 

16 6 

15 5 

15 5 

TableTable 3. Mean counts of OW+. CD4+. and CD8+ T-cells. CD22+ B-cells, CD38+ plasmacells. CD68+ 

macrophages,macrophages, and the intergrated optical density (IOD) of MMP-1 and Granzyme Bl in synovial tissue (ST) 

derivedderived from cartilage-pannus junction (CPJ) and suprapatellar pouch (non-CPJ) from patients with rheumatoid 

arthritis,arthritis, and measured by computer assisted digital image analyzing . The data represent: mean  SEM. 

duration,, independent of the site of biopsy (data not shown). In addition, digital image analysis 
showedd that the mean counts for CD3, CD4, CD8, CD22, CD38, and CD68 as well as the 
intergratedd optical density (IOD) for granzyme B and MMP-1 in ST biopsy specimens derived 
fromm the CPJ, were similar to those derived from the suprapatellar pouch, though there tended 
too be more CD22 + B-cells and fewer CD8 + T-cells at the CPJ (Table 3). 

DISCUSSION N 

Thee results presented in this study show that the features of synovial biopsy specimens of 
patientss with active RA, who did not (yet) require joint surgery, are similar at the CPJ and in 
thee suprapatellar pouch. Infiltration by macrophages, plasma cells, T-cells, B-cells, and mast 
cellss was clearly present at both sites. In addition, there was marked expression of latent or 
activee MMP-1, MMP-3, MMP-13, and granzyme B. The observations using semiquantitative 
analysiss were confirmed by digital image analysis, which may be more sensitive to detect small 
differencess than semiquantitative analysis. 
Thee cellular composition along the CPJ shows many variations (21). The CPJ has been 
describedd as relatively acellular in some patients with destructive RA (1,2). The cells occupying 
thee CPJ may show a different cellular density and morphology than those of the adjacent 
synoviall  tissue (21). The relatively high expression of collagenase along the CPJ, compared 
withh the adjacent pannus tissue (22) as well as the presence of myeloid related proteins (MRP), 
particularlyy at the CPJ (23), suggest differences in physiological conditions between the CPJ 
andd nearby pannus tissue. Furthermore, a recent study indicated more pronounced macrophage 
infiltrationn in biopsy specimens, obtained by needle arthroscopy from tissue adjacent to the 
CPJ,, than in samples obtained by blind needle biopsy from the suprapatellar pouch (24). These 
observationss suggest that synovial biopsy specimens taken from different sites of the joint may 
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reflectt differences in cellularity as well as differences in expression of cytokines and proteolytic 
enzymes. . 
Inn most studies examining the CPJ, synovial tissue was obtained from end stage, destructive 
RAA during joint surgery (9,25,26). In these patients inflammation is not necessarily a prominent 
feature.. Of importance, there is a significant relation between the features of synovial 
inflammationn and local disease activity (27,28). Therefore, the selection of patients may 
stronglyy influence the characteristics of the synovium. 
Intimall  lining layer hyperplasia seems to be less prominent in arthroscopic samples (27) than in 
tissuee obtained at surgery, though this has not been studied systematically. In line with this 
hypothesiss p53 expression is especially prominent in the intimal lining layer of patients with 
RAA with end stage, destructive disease (29), whereas p53 expression is more pronounced in the 
synoviall  sublining of samples obtained by arthroscopy from patients with active RA (30). A 
recentt study showed p53 mutations in FLS from synovium of patients with RA with 
longstanding,, destructive RA, but not in FLS from German patients with RA (31). It has been 
suggestedd that this difference may be explained by differences in disease duration and disease 
severity,, suggesting that p53 mutations can be seen in longstanding, destructive disease but not 
inn earlier phases of RA (32). The p53 mutations might explain the 'transformed' phenotype of 
FLSS (33) and their selective advantage as a result of increased proliferation and impaired 
apoptosiss (34). FLS and macrophages produce a variety of soluble mediators, which are thought 
too play a part in joint destruction. Consequently, increased numbers of these cells at the CPJ of 
patientss with RA who require joint surgery would not be unexpected. Previous studies showed 
thatt T-cells were rarely found in CPJ from end stage RA synovial tissue. The demonstration of 
T-cellss at the CPJ in this study may reflect the importance of T-cells in perpetuating the disease 
processs in the early and middle phases of the disease, whereas they might become less 
importantt in joint degradation at late disease stages. 
Inn this study we compared the CPJ and suprapatellar pouch in paired biopsy samples from 
patientss with active arthritis, but who did not require joint replacement. In both areas active 
inflammationn could be shown. There were no significant differences between the two sites. 
Thesee observations confirm and extend a recent study of the intra-articular variability in the 
synoviumm of patients with RA (35). The investigators found no systematic difference in the 
numberr of macrophages and T-cells or in the cytokine expression at different sites of the knee 
joint. . 
However,, we cannot completely exclude the possibility that there are a few cell layers adjacent 
too the cartilage, where the tissue is characterized by increased accumulation of macrophages, 
fibroblast,, PMNs, and mast cells. 
Takenn together, this study shows that examination of RA ST from different sites in the knee 
jointt discloses no differences in the composition of the cell infiltrate and the expression of 
MMPss and granzymes in the synovial tissue between the specific sites. The pathological 
changess that have been described at the CPJ in patients with RA with end stage destructive 
diseasee may well reflect the transition to a process in which macrophages, fibroblasts, and other 
celll  types become increasingly important. 

39 9 



ChapterChapter 3 

REFERENCES S 

1.. Bromley M, Wooltey DE. Histopathology of the rheumatoid lesion. Identification of cell types at sites of 

cartilagee erosion. Arthritis Rheum 1984; 27: 857-63. 

2.. Kobayashi I, Ziff M. Electron microscopic studies of the cartilage-pannus junction in rheumatoid arthritis. 

Arthritiss Rheum 1975; 18: 475-83. 

3.. Muirden KD. Electron microscopic studies of the synovial-cartilage junction in rheumatoid arthritis. Eur J 

Rheumatoll  Inflamm 1982: 5: 30-8. 

4.. Shiozawa S, Shiozawa K, Fujita T. Morphologic observations in the early phase of the cartilage -pannus 

junction:: light and electron microscopic studies of active cellular pannus. Arthritis Rheum 1983; 26: 472-8. 

5.. Mill s K. Pathology of the knee joint in rheumatoid arthritis: a contribution to the understanding of 

synovectomy.. J Bone Joint Surg 1970; 52B: 746-56. 

6.. Tatcishi H. Ultrastructure of synovio-cartilage junction rheumatoid arthritis. Kobe J Med Sci 1973; 19: 51-

6. . 

7.. Bromley M, Fisher WD, Woolley DE. Mast cells at sites of cartilage erosion in the rheumatoid joint. Ann 

Rheumm Dis 1984;43:76-9. 

8.. Mohr W, Menninger H. Polymorphonuclear granulocytes at the pannus-cartilagc joint in rheumatoid 

arthritis.. Arthritis Rheum 1980; 23: 1413-4. 

9.. Chu CQ, Field M, Allard S, Abney E, Feldmann M, Maini RN. Detection of cytokines at the 

cartilage/pannuss junction in patients with rheumatoid arthritis: implications for the role of cytokines in 

cartilagee destruction and repair, Br J Rheumatol 1992; 31: 653-61. 

10.. Tetlow LC, Woolley DE. Mast cells, cytokines, and metalloproteinases at the rheumatoid lesion: dual 

immunolocalisationn studies. Ann Rheum Dis 1995; 54: 896-903. 

11.11. Dayer JM, DeRochemonteix B, Burrus B, Demczuk S, Dinarello CA. Human recombinant interleukin-1 

stimulatess collagenase and prostaglandin E2 production by human synovial cells. J Clin Invest 1986; 77: 

645-8. . 

12.. Mort JS, Dodge GR, Roughley PJ, Liu J, Finch SJ, Di Pasquale G, et al. Direct evidence for active 

metalloproteinasess mediating matrix degradation in interleukin 1-stimulated human articular cartilage. 

Matrixx Biol 1993; 13:95-102. 

13.. Jasser M, Mitchell PG, Cheung HS. Induction of stromelysin-1 and collagenase synthesis in 

fibrochondrocytesfibrochondrocytes by tumor necrosis factor- alpha. Matrix Biol 1994; 14: 241-9. 

14.. Froelich CJ, Zhang X, Turbov J. Hudig D, Winkler U, Hanna WL. Human granzyme B degrades aggrecan 

proteoglycann in matrix synthesized by chondrocytes. J Immunol 1993; 151: 7161-71. 

15.. Tak PP, Kummer JA, Hack CE, Daha MR, Smeets TJ, Erkelens GW, et al. Granzyme-positive cytotoxic 

cellss arc specifically increased in early rheumatoid synovial tissue. Arthritis Rheum 1994, 37: 1735-43. 

16.. Tak PP, Spaeny-Dekking L, Kraan MC, Breedveld FC, Froelich CJ, Hack CE. The levels of soluble 

granzymee A and B are elevated in plasma and synovial fluid of patients with rheumatoid arthritis (RA). 

Clinn Exp Immunol 1999, 116; 366-70. 

17.. Arnctt FC, Edworthy SM, Bloch DA, Mc Shane DJ, Fries JF, Cooper NS, et at. The American Rheumatism 

Associationn 1987 revised criteria for the classification of rheumatoid arthritis. Arthritis Rheum 1988, 31: 

315-24. . 

18.. Tak PP. van der Lubbe PA, Cauli A. Daha MR, Smeets TJ, Kluin PM, et al. Reduction of synovial 

inflammationn after anti-CD4 monoclonal antibody treatment in early rheumatoid arthritis. Arthritis Rheum 

1995;; 38: 1457-65. 

40 0 



AnalysisAnalysis of Synovial Tissue from Cartilage-F'annus Junction and Suprapatellar Pouch 

19.. Kraan MC, Haringman JJ, Ahem MJ, Breedveld FC, Smith MD, Tak PP. Quantification of the cell infiltrate 

inn synovial tissue by digital image analysis. Rheumatol 2000; 39: 43-9. 

20.. Youssef PP, Smeets TJ, Bresnihan B, Cunnane G, Fitzgerald O, Breedveld F, et at. Microscopic 

measurementt of cellular infiltration in the rheumatoid arthritis synovial membrane: a comparison of 

semiquantitativee and quantitative analysis. Br J Rheumatol 1998; 37: 1003-7. 

21.. Woolley DE, Tetlow LC. Observations on the microenvironmental nature of cartilage degradation in 

rheumatoidd arthritis. Ann Rheum Dis 1997; 56: 151-61, 

22.. Woolley DE, Crossley MJ, Evanson JM. Collagenase at sites of cartilage erosion in the rheumatoid joint. 

Arthritiss Rheum 1977; 20: 1231-9. 

23.. Youssef PP, Roth J, Frosch M, Costello P, Fitzgerald O, Sorg C, et al. Expression of myeloid related 

proteinss (MRP) 8 and 14 and the MRP8/14 heterodimer in rheumatoid arthritis synovial membrane. J 

Rheumatoll  1999; 26: 2523-8. 

24.. Youssef PP, Kraan MC, Breedveld FC, Bresnihan B, Cassidy N, Cunnane G, et al. Quantitative microscopic 

analysiss of inflammation in rheumatoid arthritis synovial membrane samples selected at arthroscopy 

comparedd with samples obtained blindly by needle biopsy. Arthritis Rheum 1998; 41: 663-9. 

25.. Tetlow LC, Woolley DE. Distribution, activation and tryptase/chymase phenotype of mast cells in the 

rheumatoidd lesion. Ann Rheum Dis 1995; 54: 549-55. 

26.. Deleuran BW,ChuCQ, Field M, Brennan FM, Katsikis P, Feldmann M,etaf. Localization of interleukin-1 

alpha,, type 1 interleukin-1 receptor and interleukin-1 receptor antagonist in the synovial membrane and 

cartilage/pannuscartilage/pannus junction in rheumatoid arthritis. Br J Rheumatol 1992; 31: 801-9. 

27.. Tak PP, Smeets TJ, Daha MR, Kluin PM, Meijers KA, Brand R, et al. Analysis of the synovial cell infiltrate 

inn early rheumatoid synovial tissue in relation to local disease activity. Arthritis Rheum 1997; 40: 217-25. 

28.. Kraan MC, Versendaal H, JonkeT M, Bresnihan B, Post WJ, 't Hart BA, et al. Asymptomatic synovitis 

precedess clinically manifest arthritis. Arthritis Rheum 1998; 41: 1481-8. 

29.. Firestein GS, Nguyen K, Aupperle KR, Yeo M, Boyle DL, Zvaifler NJ, Apoptosis in rheumatoid arthritis: 

p533 overexpression in rheumatoid arthritis synovium. Am J Pathol 1996; 149: 2143-51. 

30.. Tak PP, Smeets TJ, Boyle DL, Kraan MC, Shi Y, Zhuang S, et al. P53 overexpression in synovial tissue 

fromm patients with early and longstanding rheumatoid arthritis compared with patients with reactive arthritis 

andd osteoarthritis. Arthritis Rheum 1999; 42: 948-53. 

31.. Kullmann F, Judex M, Neudecker I, Lcchner S, Justen HP, Green DR, et al. Analysis of the p53 tumor 

suppressorr gene in rheumatoid arthritis synovial fibroblasts. Arthritis Rheum 1999; 42; 1594-1600. 

32.. Tak PP, Zvaifler NJ, Green DR, Firestein GS. Rheumatoid arthritis and p53: how oxidative stress might 

alterr the course of inflammatory diseases. Immunol Today 2000; 21: 78-82. 

33.. Firestein GS. Invasive fibroblast-like synoviocytes in rheumatoid arthritis. Passive responders or 

transformedd aggressors ? Arthritis Rheum 1996; 39: 1781-90. 

34.. Aupperle KR, Boyle DL, Hendrix M, Seftor EA, Zvaifler NS, Barbosa M, et al. Regulation of synoviocyte 

proliferation,, apoptosis, and invasion by the p53 tumor suppressor gen. Am J Pathol 1998; 152: 1091-8. 

35.. Kirkham B, Portek I, Lee CS, Stavros B, Lenarczyk A, Lassere M, et al. Intraarticular variability of 

synoviall  membrane histology, immunohistology, and cytokine mRNA expression in patients with 

rheumatoidd arthritis. J Rheumatol 1999; 26: 777-84. 

41 1 





Chapter4 4 

ANALYSI SS OF THE CELL INFILTRAT E AND 
EXPRESSIONN OF PRO-INFLAMMATOR Y CYTOKINE S 
ANDD MATRI X METALLOPROTEINASE S IN 
ARTHROSCOPICC SYNOVIAL BIOPSIES COMPARED 
TOO SYNOVIAL SAMPLES FROM PATIENT S WIT H 
END-STAGEE DESTRUCTIVE RHEUMATOI D 
ARTHRITIS . . 

Tomm J. M. Smeets ', Ella C. Barg 2, Maarten C. Kraan ', 
Malcolmm D. Smith \ Ferdinand C. Breedveld 2, Paul P. Tak ' 

11 Div. of Clinical Immunology and Rheumatology, Academic 
Medicall  Center/ University of Amsterdam, Amsterdam, The 
Netherlands s 
22 Dept. of Rheumatology, Leiden University Medical Center, 
Leiden,, The Netherlands 
33 Rheumatology Research Unit, Repatriation General Hospital, 
Daww Park, SA, Australia 

AnnalsAnnals of the Rheumatic Diseases; In press 



ChapterChapter 4 

ABSTRACT T 

Objective.Objective. Most of the older descriptions of the synovial infiltrate are based on examination of 
synoviall  tissue (ST) obtained at surgery. However, ST from end-stage destructive rheumatoid 
arthritiss (RA) and arthroscopic biopsies obtained during active inflammation could exhibit 
differentt characteristics. The aim of this study was to define the cell infiltrate and the 
expressionn of pro-inflammatory cytokines, angiogenic factors, and matrix metalloproteinases 
(MMPs)) in ST selected at arthroscopy compared with that from end-stage RA obtained at joint 
replacement. . 
Methods.Methods. Synovial biopsy specimens were obtained from the actively inflamed knee joints of 
133 patients with chronic RA by arthroscopy and compared with ST from 10 patients with end 
stage,, destructive RA requiring joint surgery. Use of medication was on average similar in the 2 
groups.. Immunohistologic analysis was performed using monoclonal antibodies (mAb) to 
detectt T cells, plasma cells, macrophages, fibroblast-like synoviocytes (FLS), as well as the 
expressionn of IL-lp\ IL-6, TNF-a, MMP-1, MMP-3, MMP-13, tissue inhibitor of 
matrixmetalloproteinasee (TIMP)-l, and vascular endothelial growth factor (VEGF). The 
integratedd optical density was measured by computer-assisted image analysis. 
Results.Results. The ST was characterized by intimal lining layer hyperplasia and accumulation of 
macrophages,, T cells, plasma cells, and other cell types in both groups. Expression of cytokines 
andd MMPs was on average abundant, especially for TNF-a and MMP-3. The expression of 
CD68++ macrophages was significantly higher in ST selected at arthroscopy compared to 
sampless obtained at surgery, both in the intimal lining layer and in the synovial sublining. The 
expressionn of CD3+ T cells also tended to be higher in arthroscopic samples. There was no 
clearr difference in infiltration by CD38+ plasma cells and CD55+ FLS. The expression of TNF-
a,, IL-6, MMP-1, MMP-3, MMP-13, TIMP-1, and VEGF was on average higher in ST obtained 
att arthroscopy. In contrast, the expression of IL-i p was on average higher in surgical samples. 
Conclusion.Conclusion. Active arthritis activity is associated with increased cell infiltration, expression of 
pro-inflammatoryy cytokines, MMPs, and angiogenic growth factors in synovial biopsy samples 
selectedd at arthroscopy. Increased expression of IL-i p in the synovium of patients with 
destructivee RA requiring joint replacement may well reflect the important role of IL-l p in 
cartilagee and bone destruction. 

INTRODUCTIO N N 

Synoviall  inflammation and synovial hyperplasia are prominent features of rheumatoid arthritis 
(RA),, and may precede the first clinical signs of the disease (1,2). Sustained production of 
proteolyticc enzymes by RA synovial tissue (ST), mainly by macrophages and fibroblast-like 
synoviocytess (FLS), may result in destruction of articular cartilage and bone. In most older 
studiess examining RA ST, samples were obtained from end-stage, destructive RA during joint 
replacementt (3-5). The selection of patients in these studies could bias the features of the ST, 
sincee the characteristics of synovial inflammation and local disease activity are associated (1,6). 
Previouss studies suggested that ST of end-stage destructive RA could differ from tissue selected 
att arthroscopy during active inflammation. For example, p53 expression is especially prominent 
inn the intimal lining layer of RA patients with end-stage, destructive disease (7), whereas p53 
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expressionn is more pronounced in the synovial sublining of samples obtained by arthroscopy 
fromm RA patients with active disease (8). In addition, a recent study demonstrated p53 
mutationss in FLS from patients with longstanding, destructive RA, but perhaps not in patients 
withh RA in earlier phases of the disease (9,10). We suggest that in end-stage, destructive RA, 
inflammationn is not necessarily a prominent feature and other mechanisms might be more 
importantt in this subset of patients. 

Thee aim of this study was to define the cell infiltrate and the expression of pro-inflammatory 
cytokines,, angiogenic factors, and matrix metalloproteinases (MMPs) in ST from patients with 
activee RA, selected at arthroscopy, compared with ST from end-stage, destructive RA obtained 
duringg joint replacement. 

METHOD S S 

Patients s 
Tenn consecutive patients with destructive, end-stage RA, who underwent joint replacement, and 
133 consecutive RA patients with active arthritis of a knee joint, who underwent arthroscopy, 
weree investigated. Eight patients from the Repatriation General Hospital in Daw Park, South 
Australia,, and 15 patients from the Leiden University Medical Center were included. Al l patients 
fulfille dd the American College of Rheumatology criteria for RA (11) and had active disease. The 
jointss that were selected for joint replacement did not exhibit active arthritis activity on clinical 
examination.. Arthroscopy was not performed in patients who had a history of previous joint 
surgery.. Al l patients gave informed consent, and the study protocol was approved by the Medical 
Ethicss Committees. 

Synoviall  tissue 
STT samples were obtained from different sites in the joint of RA patients with destructive 
diseasee during joint replacement. In the second group of RA patients with active arthritis of the 
kneee joint, synovial biopsies were selected from various regions by arthroscopy (2.7 mm 
arthroscope,, Storz, Tuttlingen, Germany) under local anesthesia (12). The samples were snap-
frozenn en bloc in Tissue-Tek OCT (Miles Diagnostics, Elkhart, IN). The frozen blocks were 
storedd in liquid nitrogen. Cryostat sections (5u.m) were mounted on glass slides (Star Frost 
adhesivee slides, Knittelglaser, Braunschweig, Germany). The glass slides were sealed and 
storedd at -70°C until immunohistologic analysis. 

Immunohistochemistry y 
Seriall  sections were stained with the following mouse monoclonal antibodies (Mab): anti-CD3 
(Bectonn Dickinson, San Jose, CA), anti-CD4 (Leu-3a, Becton Dickinson), anti-CD8 (DK25, 
DAKO,, Glostrup, Denmark), anti-CD38 (Leu-17, Becton Dickinson), anti-CD68 (EBM11, 
DAKO),, anti-CD55 (Mab67, Serotec, Oxford UK), anti-MMP-1, which recognizes both latent 
andd active MMP-1 (36665.111, R&D Systems Europe Ltd, Abingdon, UK), anti-MMP-3, 
whichh recognizes both latent and active MMP-3 (10D6, R&D), anti-MMP-13, which 
recognizess both latent and active MMP-13 (181 -15A12, Oncogene Research products, 
Cambridge,, MA) , anti-TIMP-1 (7-6C1, Oncogene Research products), and anti-VEGF (C-l, 
Santaa Cruz Biotechnology, Santa Cruz, CA). Staining was also done with the following rabbit 
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polyclonall  antibodies: anti TNF-a (IP-300, Genzyme, Cambridge, MA), anti IL-i p (LP-712, 
Genzyme),, and anti IL-6 (LP-716, Genzyme). For control sections, the primary antibodies were 
omittedd or irrelevant isotype-matched mouse antibodies or rabbit immunoglobulins were 
applied. . 
Endogenouss peroxidase activity was inhibited using 0.1% sodium azide and 0.3% hydrogen 
peroxidee in PBS. Staining for cell markers and cytokines was performed, as described 
previouslyy (13). Following a primary step of incubation with Mabs, bound antibody was 
detectedd according to a 3-step immunoperoxidase method. Alkaline phosphatase conjugated 
swinee anti-rabbit antibodies (DAKO), naphtol-AS-MX- phosphate (N-AS-MX-P), Fast Red 
Violett LB (FRVLB), and levamizole (Sigma) were used for the detection of the rabbit 
polyclonall  antibodies. Staining for MMP-1, MMP-3, MMP-13, and TIMP-1 was performed 
usingg biotinylated tyramide for amplification, as described previously (14). The primary 
antibodiess were incubated for 60 min. Horseradish peroxidase (HRP)- conjugated goat anti-
mousee was added for 30 min, followed by subsequent incubation with biotinylated tyramide 
forr 30 min and HRP-conjugated steptavidin for 30 min. HRP activity was detected using 
hydrogenn peroxide as substrate and amino ethylcarbazole (AEC) as dye. Slides were 
counterstainedd with Mayer's hemalum solution (Merck, Darmstadt, Germany) and, after 
washingg with distilled water, mounted in Kaiser's glycerol gelatin (Merck). Affinity-purified 
andd horseradish peroxidase (HRP)- conjugated goat anti-mouse antibody was obtained from 
DAKO,, affinity purified HRP- conjugated swine anti-goat Ig from Tago (Burlingame, CA), 
biotinylatedd tyramide and HRP- conjugated streptavidin were obtained from Nen™ Life 
Sciencee Products (Boston, MA), and AEC from Sigma (St. Louis, MO). 

Microscopicc analysis 

Afterr immunohistochemical staining, coded sections stained for CD3, CD4, CD8, CD38, CD55, 
CD68,, MMP-1, MMP-3, MMP-13, TIMP-1, VEGF, TNF-a, IL-1(3, and IL-6 were analyzed in 
aa random order by computer-assisted image analysis. For all markers, 20 high power fields 
(HPF)) were analyzed. The HPF images were analyzed using the Qwin analysis system (Leica, 
Cambridge,, England), as described previously in detail (15,16). 

Statisticall analysis 

Thee Mann-Whitney 2 sample test was used to compare the scores for the various markers from 
STT selected at arthroscopy with ST obtained at surgery. Because of the exploratory nature of 
thee study, we did not correct for multiple comparisons. 

RESULTS S 

Clinicall  and demographic features 
Clinicall  and demographic data of the RA patients included in the study are presented in Table 
1.. The study group with active RA undergoing arthroscopy consisted of 7 females and 6 males. 
Thee mean age in this group was 55  13 (  standard deviation, SD) years (range 30 to 72 
years),, the mean duration of disease was 102 + 92 months (10 to 288 months). The mean serum 
levell  of CRP was 32  16 (9-55) mg/L. Erosions were present in 10 of the 13 patients and 9 
patientss were seropositive for IgM rheumatoid factor. Eleven of the 13 patients were treated 
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withh disease modifying antirheumatic drugs (DMARDs). The study group with end-stage 
destructivee RA consisted of 7 females and 3 males. The mean age in this group was 63  16 
yearss (31 to 82 years) and the mean duration of disease was 163 + 84 months (60 to 300 
months).. The mean serum level of CRP was 52  39 (7-126) mg/L. Erosions were present in all 
100 patients and 6 patients were seropositive for IgM rheumatoid factor. All patients were 
treatedd with DMARDs. 
Inn both groups, all patients used non-steroidal anti-inflammatory drugs (NSAIDs), none used 
prednisolone. . 

Immunohistochemistry y 
Thee ST was characterized by intimal lining layer hyperplasia and accumulation of 
macrophages,, T cells, plasma cells, and other cell types in the synovial sublining in both 
groups.. Expression of cytokines and MMPs was on average abundant, especially for TNF-a 
andd MMP-3. Digital image analysis showed more pronounced macrophage infiltration in 
arthroscopicc biopsies than in ST obtained at surgery (mean  SEM intergrated optical density 
(IOD)) for CD68 in the intimal lining layer: 8436  1396 in arthroscopic samples versus 3797
16699 in surgical samples (P<0.05); CD68 in the synovial sublining: 88847  9443 in 
arthroscopicc samples versus 44696  10638 in surgical samples (P<0.01) (Table 2). In addition, 
theree tended to be more T cells in arthroscopic biopsies, but this difference did not reach 
statisticall  significance (P=0.09). All other phenotypic markers showed similar expression 
patterns.. The expression of TNF-a, IL-6, MMP-1, MMP-3, MMP-13, TIMP-1, and VEGF 
tendedd to be higher in biopsies selected at arthroscopy compared with surgically obtained ST 
(P>0.1).. Of interest, IL-1[3 was on average more abundant in destructive RA tissue compared 
withh arthroscopic (P>0.1). These differences were not statistically significant, presumably due 
too the relatively small number of patients in this study. There was no correlation between any of 
thee scores and disease duration (data not shown). 

DISCUSSION N 

Thee results presented in this study demonstrate differences in the immunohistologic 
characteristicss of arthroscopical synovial biopsies compared to ST obtained at surgery. 
Statisticallyy significant higher scores for infiltration by CD68+ macrophages in both the intimal 
liningg layer and the synovial sublining were observed in arthroscopic samples. There also 
tendedd to be more CD3+ T cells in arthroscopic al biopsies than in surgical specimens. In 
addition,, there was a tendency towards higher expression of TNF-a, IL-6, MMP-1, MMP-3, 
MMP-13,, TIMP-1, and VEGF in ST selected at arthroscopy. In contrast, IL-l p expression 
tendedd to be increased in end-stage, destructive disease. 
AA theoretical limitation of this exploratory study is the risk of erroneously reporting statistically 
significantt differences as a result of multiple comparisons. However, it appears unlikely that the 
observedd differences between the 2 biopsy groups can be explained by chance only, since all 
immunohistologicc parameters related to inflammation were increased in the arthroscopy group. 
Furthermore,, macrophage infiltration was increased in arthroscopic samples in both the intimal 
liningg layer and the synovial sublining. These differences were highly significant. The only 
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exceptionn was IL-1, which is consistent with previous reports (17) suggesting a prominent role 
ofIL-11 in joint destruction. 

Patientt ID Type Age Sex Disease Disease-modifying CRP RF Erosions 

(years)) (M/F) duration antirheumatic drugs (Mg/L) (+••'-) (+/-) 

(months) ) 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

11 1 

12 2 

13 3 

14 4 

15 5 

16 6 

17 7 

18 8 

19 9 

20 0 

21 1 

22 2 

23 3 

Arthroscopy y 

Arthroscopy y 

Arthroscopy y 

Arthroscopy y 

Arthroscopy y 

Arthroscopy y 

Arthroscopy y 

Arthroscopy y 

Arthroscopy y 

Arthroscopy y 

Arthroscopy y 

Arthroscopy y 

Arthroscopy y 

Surgery y 

Surgery y 

Surgery y 

Surgery y 

Surgery y 

Surgery y 

Surgery y 

Surgery y 

Surgery y 

Surgery y 

Tablee 1: Demographic and clinical data of the 24 rheumatoid arthritis (RA) who were studied for differences in 

celll infiltrate, and expression of matrix metalloproteinases (MMPs), angiogenic growth factors, and pro

inflammatoryy cytokines in ST selceted at arthroscopy compared with joint surgery. 

Inn both biopsy groups we observed higher TNF expression than IL-lp expression. These results 
differr from previous reports (18,19). The difference might be explained by the fact that we here 
usedd a method, which detects both cytokine producing cells and cytokine bound to cell 
receptorss and extracellular matrix. Previous work revealed a strong correlation between total 
TNF-aa protein detected with this method and disease activity (6). Other studies, demonstrating 
relativelyy small amounts of TNF-a in RA ST, have used a method showing cytokine producing 
cellss only (18). It is at present unknown which method represents disease mechanisms best and 
bothh methods are used and have been validated. 

41 1 

45 5 

67 7 

56 6 

47 7 

72 2 

54 4 

44 4 

30 0 

69 9 

60 0 

57 7 

67 7 

31 1 

38 8 

64 4 

74 4 

60 0 

75 5 

71 1 

72 2 

67 7 

82 2 

M M 

F F 

F F 

F F 

M M 

M M 

M M 

F F 

M M 

F F 

M M 

F F 

F F 

M M 

F F 

M M 

F F 

F F 

F F 

F F 

M M 

F F 

F F 

84 4 

10 0 

10 0 

72 2 

288 8 

276 6 

60 0 

42 2 

72 2 

48 8 

132 2 

180 0 

48 8 

72 2 

188 8 

132 2 

76 6 

300 0 

60 0 

240 0 

132 2 

168 8 

264 4 

38 8 

45 5 

11 1 

55 5 

9 9 

32 2 

45 5 

22 2 

54 4 

9 9 

35 5 

42 2 

19 9 

54 4 

35 5 

126 6 

7 7 

37 7 

39 9 

16 6 

66 6 

29 9 

108 8 
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Manyy previous studies have focussed on ST, which was obtained from end-stage, destructive 
RAA during joint surgery (3-5). Now blind synovial biopsy and needle arthroscopy techniques 
aree widely available, most of the current studies use ST from patients with active synovial 
inflammationn (1,6,14). This study clearly shows that the features of ST are dependent on patient 
selection.. This observation could be explained by several factors. First, arthroscopic samples 
aree usually obtained from clinically inflamed joints, whereas joint replacement is indicated in 
patientss with cartilage and bone damage. In these patients synovial inflammation is not 
necessarilyy an important characteristic. The increase in macrophage infiltration in arthroscopic 
biopsiess is not unexpected in light of the significant correlation between scores for local 
arthritiss activity and the number of macrophages in rheumatoid ST (6). Second, the 
inflammatoryy response in end-stage RA may be in part different from the initial disease 
process,, because of the non-specific effect of secondary release of bone and articular cartilage 
onn synovial inflammation (20). Third, it is conceivable that patients with destructive RA 
representt a specific pathogenetic subset. In these patients mechanisms other than those 
associatedd with clinical signs of inflammation may be more important, for example changes in 
thee phenotype and behavior of FLS (10,21) and increased IL-1 expression (17,22). IL-1 inhibits 
bothh chondrocyte proteoglycan and collagen synthesis and stimulates the chondrocytes to 
releasee cartilage destructive proteases. 
Whenn patients are matched for disease activity, the features of arthroscopic biopsies are similar in 
earlyy RA and longstanding disease (6,23). Thus, so-called early RA already represents a chronic 
phasee of the disease. The present study clearly shows that when patients are not selected on the 
basiss of arthritis activity, the results may be different. Previous studies on surgical specimens 
havee for example described specific characteristics of the cellular composition at the cartilage 
pannuss junction (24). However, recent systematic comparisons did not show any differences in 
cellularityy and expression of MMPs in ST obtained from the cartilage pannus junction 
comparedd to adjacent pannus (14,25). The data presented here support the view that the 
differencess in cellularity, expression of cytokines and proteolytic enzyme between cartilage 
pannuss junction and adjacent pannus reflect the stage of the disease and disease activity rather 
thann the specific site. 
Takenn together, this study shows the importance of patient selection for the interpretation of 
studiess on rheumatoid ST. It can be anticipated that immunohistologic methods, in situ 
hybridization,, the polymerase chain reaction, and cDNA microarray technology will 
increasinglyy be used for ST analysis. For these studies it will be essential to use biopsy samples 
fromm patients in an active stage of the disease to provide insight into the mechanisms 
underlyingg synovial inflammation. 
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CD3 3 

CD4 4 

CDS S 

CD38 8 

CD688 lining 

CD68 8 

sublining g 

CD55 5 

TNF-a a 

lL-i p p 

IL- 6 6 

VEGF F 

MMP- 1 1 

MMP- 3 3 

MMP-13 3 

TIMP- 1 1 

Arthroscopy y 

13804128511 <n=12) 

31722 ) 

31577 8 (n=13) 

161544 + 6297 (n=l3) 

8436++ 1396 (n=13) 

) ) 

) ) 

) ) 

34244  859 (n= 12) 

) ) 

3705+14611 (n=8) 

6188 + 414 (n=l3) 

183877 + 6059 (n=13) 

33 (n=9) 

56211 1 (n=8) 

Surgery y 

64777 + 2201 (n=10) 

11 (n=IO> 

41211 ) 

) ) 

3797++ 1669(n=10)* 

446966  10638(n=10)* 

71466  1457(n=9) 

) ) 

70111  1850(n=10) 

2277  1207(n=5) 

21344 + 914(n=6) 

1900 + 97 (n=l0) 

75599  3474 (n=10) 

14655  597 (n=6) 

25211  1272(n=6) 

TableTable 2. Mean integrated optical density 

(IOD)for(IOD)for the expression o/CD3+, 

CD4+,CD4+, andCDS+ Tcells. CD38+ 

plasmaplasma cells. CD68+ macrophages, 

CD55+CD55+ FLS, TNF-a, IL-fi, IL-6. VEGF. 

MMP-1.MMP-1. MMP-3, MMP-13, andTlMP-1 

inin ST obtained at arthroscopy compared 

withwith joint surgery from patients with 

rheumatoidrheumatoid arthritis (RA). and measured 

byby computer assisted digital image 

analysis.analysis. The data represent: mean

SEM.SEM. *P<0.05. 
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ABSTRACT T 

Thee cellular infiltrates and cytokine patterns in synovial tissue (ST) from patients with 
rheumatoidd arthritis (RA) and reactive arthritis (ReA) were compared in order to determine the 
mechanismss responsible for the chronic and destructive course of RA. Since the results could be 
influencedd by differences in disease duration, ST was studied from patients in both early and late 
stagess of the disease. Ten patients had early RA (< 1 yr), ten long-standing RA (> 1 yr), six early 
ReAA (< 1 yr), and five with long-standing ReA (> 1 yr). 
Histologicc analysis demonstrated that the scores for infiltration by lymphocytes, plasma cells, 
andd the scores for inflammation were significantly higher in RA than in ReA. Immunolabeling 
studiess showed that in particular the scores for infiltration by CD38+ plasma cells, granzyme B+ 
cells,, and interferon-gamma (IFNy+) cells were significantly higher in RA than in ReA. The 
resultss were independent of disease duration. 
Thee increased number of lymphocytes, plasma cells, and granzyme B+ cells in rheumatoid 
synoviall tissue supports the paradigm that RA is the result of specific immune recognition in the 
jointjoint and that granzyme B+ cells play an important role in joint destruction. 

INTRODUCTIO N N 

Sincee the characteristic clinical features of rheumatoid arthritis (RA) are secondary to chronic 
arthritis,, insight into the mechanisms involved in the pathogenesis may be gained by detailed 
descriptionn of the microanatomy of the site of inflammation, the synovial tissue (ST). In 
rheumatoidd synovitis, the synovial lining layer, which comprises normally one to three cell 
layerss without an underlying basal membrane, is hyperplastic. This thickened lining layer 
consistss mainly of macrophages and type B fibroblast-like synoviocytes. Sometimes 
multinucleatee giant cells can be seen. The second layer of the synovium is the synovial 
sublining,, which is normally relatively acellular, containing scattered blood vessels, fat cells, and 
fibroblasts.. This also undergoes considerable changes in rheumatoid synovitis as a result of the 
infiltrationn particularly with mononuclear cells, such as macrophages, T-cells, B-cells, and 
plasmaa cells . 
Comparisonn of the features of ST in RA with other forms of arthritis may indicate which factors 
aree responsible for the signs and symptoms which are characteristic for RA. Reactive arthritis 
(ReA)) and RA are both immune-mediated inflammatory diseases, affecting ST in the joints. 
Theree are several differences in the clinical features and in the mechanisms known to be 
involvedd in the pathogenesis in these two conditions. 
ReAA is characterized by a usually self-limiting arthritis, in particular following a gastrointestinal, 
urogenital,, or pharyngeal infection. Yersinia enterocolitica is one of the microorganisms 
associatedd with ReA. Sometimes bacterial antigens can be detected in the culture negative ST " . 
Thee strong association between HLA-B27 and ReA indicates the importance of genetic factors in 
susceptibilityy to the disease . 
Inn the majority of patients with RA the disease leads to the development of joint destruction, 
deformity,, and disability. In RA, about 70 to 80 per cent of the patients have elevated serum 
levelss of rheumatoid factors and 90 per cent inherit a shared motif or epitope of amino acids 
encodedd by several different human leucocyte antigen (HLA) class II alleles ". 
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Thee aim of the present study was to provide insight into the mechanisms involved in the chronic 
andd destructive character of RA, by comparing the cellular infiltrate and the expression of 
cytokiness in synovial biopsy specimens from patients with RA with those from patients with 
ReA.. Since it is conceivable that the results are influenced by differences in disease duration 
betweenn RA and ReA patients, ST from patients with different phases of arthritis were studied. 

PATIENT SS AND METHOD S 

Patients s 
Twentyy patients with RA, who fulfilled the American College of Rheumatology (ACR, formerly 
Americann Rheumatism Association) criteria for RA , were investigated. Ten RA patients had a 
diseasee duration of less than 1 year, as measured from the first clinical signs of arthritis 
irrespectivee of which joint was initially affected, and ten RA patients had a disease duration of 
moree than 1 year. In addition, 11 patients with Y. enterocolitica induced ReA were studied. In 
thesee patients, the diagnosis was based on the clinical expert's opinion, the demonstration of 
class-specificc circulating antibodies to Yersinia outer membrane proteins ' , and the exclusion of 
otherr rheumatic diseases. Six ReA patients had a disease duration of less than 1 year, and five 
moree than 1 year. All patients were followed up for at least 1 year to allow confirmation of the 
accuracyy of the diagnosis. A subset of the patients with RA and ReA has previously been studied 
forr the expression of IL-15 in ST9. 
Mostt of the patients were treated with non-steroidal anti-inflammatory drugs (NSAIDs), and 
nonee of them was being treated with corticosteroids or cytotoxic disease modifying drugs 
(DMARDs),, such as azathioprine, methotrexate, or cyclofosfamide. Laboratory assesments 
includedd the measurement of serum levels of C-reactive protein (CRP) and rheumatoid factors. 
X-rayss were made of knees, hands, and feet for diagnostic purposes. 
Ann average of 20 biopsies of ST were randomly taken from the knee with a Parker-Pearson 
needlee . All samples were snap frozen together en bloc in Tissue-Tek OCT (Miles Diagnostics, 
Elkhart,, IN) by immersion in methylbutane (~70°C). The frozen blocks were stored in liquid 
nitrogen.. Five ^m sections were cut on a cryostat and mounted on glass slides (Star Frost 
adhesivee slides, Knittelglaser, Braunschweig, Germany). The glass slides were sealed and stored 
att -70°C until immunohistologic analysis. An average of four pieces of ST were fixed in 
formalinn and embedded in paraffin for histologic analysis; sections were cut and stained with 
hematoxylinn and eosin. 
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Sexx (m/t) 

Agee (years) 

Serumm CRP (mg/1) 

Serumm RF<+/-) 

Erosionss (+/-) 

Rheumatoi d d 

<< 1 yr 

(n=10> > 

1/9 9 

555 + 7(42-63) 

499  20 (9-74) 

10/0 0 

2/8 8 

Arthriti s s 

>> I yr 

(n=10> > 

6/4 4 

477 6 (36-54) 

433 + 31 (4-141) 

9/1 1 

9/1 1 

42 2 

18 8 

Reactiv e e 

<< 1 yr 

(n=6) ) 

3/3 3 

) ) 

 17(3-50) 

0/6 6 

0/6 6 

Arthriti s s 

>> 1 yr 

(n=5) ) 

3/2 2 

40++ 13(26-60) 

100  12(3-32) 

1/4 4 

0/5 5 

TableTable I. Clinical and demographic data of 20 patients with rheumatoid arthritis <RA) and 11 with Yersinia-induced 

reactivereactive arthritis (ReA). The data represent mean  SD (range); CRP: C-reactive protein level. 

Immunohistochemistry y 
Seriall sections were stained with the following mouse monoclonal antibodies (MAbs): anti-CD3 
(Leu-4,, Becton-Dickinson, San Jose, CA); anti-CD4 (Leu-3a, Becton-Dickinson); anti-CD8 
(DK25,, Dako, Glostrup, Denmark); anti-CD22 (CLB-B-Ly/1, CLB, Amsterdam, The 
Netherlands);; anti-CD38 (Leu-17, Becton-Dickinson); MAb67 which recognizes decay 
acceleratingg factor (DAF, CD55; Dr. J.C.W. Edwards and Dr. N. Hogg, personal 
communication);; anti-CD68 (EBMU, Dako); anti-granzyme B (GranB4 12'13), which recognizes 
cytotoxicc cells; anti-IL-2 (DMS-1, Genzyme, Cambridge, MA), and anti-IFNy (1598-00, 
Genzyme)) as well as the the following rat MAbs: anti-IL-4 (MP4-25D2, Pharmingen, San Diego, 
CA)) and anti-IL-10 (JES3-12G8, Pharmingen). Staining for cell markers and cytokines was 
performedd as described previously 9J4~17. The slides were fixed in acetone at room temperature 
forr 10 minutes and stored at -70°C until immunohistochemical analysis could be performed 
whenn staining for cell markers was performed. Before use, the slides were warmed to room 
temperaturee and air-dried. For cytokine staining, the sections were stored at -70°C without prior 
fixation;; these sections were fixed in 4 per cent paraformaldehyde after wanning to room 
temperaturee and air-drying. The sections were washed between all steps with phosphate-buffered 
salinee (PBS); for cytokine staining 0.1 per cent saponine was added to permeabilize the cell 
membrane,, as described previously y'16. All incubations were carried out at room temperature or 
att 4°C when staining for cytokines was performed. The primary antisera were diluted in PBS 
withh 1 per cent (w/v) bovine serum albumin (BSA). The horseradish peroxidase (HRP) -
conjugatedd antibodies were diluted in PBS-BSA 1 per cent with 10 per cent (v/v) normal human 
serumm as blocking scrum. Endogenous peroxidase activity was inhibited using 0.1 per cent 
sodiumm azidc and 0.3 per cent hydrogen peroxide in PBS. Staining was performed according to a 
three-stepp immunoperoxidase method. The primary antibodies were incubated for 60 minutes, or 
overnightt when staining for cytokines was performed. For control sections, the primary 
antibodiess were omitted or isotype-matched mouse and rat antibodies were applied as irrelevant 
antibodiess at the same concentrations as the primary antibodies. HRP-conjugated goat anti-
mousee antibody, or biotinylated goat anti-rat antibody in case of use of rat Mab, was added for 
300 minutes, followed by incubation with HRP-conjugated swine anti-goat antibody or avidin-
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biotinn peroxidase complex for another 30 minutes. HRP activity was detected using hydrogen 
peroxidee as substrate and amino ethylcarbazole (AEC) as dye for phenotypic markers; 
diaminobenzidinee (DAB) was used as dye for cytokine staining. Saponine was obtained from 
Riedel-dee Haen (Seelze, Germany), affinity-purified and horseradish peroxidase (HRP)-
conjugatedd goat anti-mouse antibody from Dako, affinity-purified HRP-conjugated swine anti-
goatt Ig from Tago (Burlingame, CA), biotinylated goat anti-rat antibody and avidin-biotin 
peroxidasee complex from Vector Laboratories (Ontario, Canada), and AEC and DAB from 
Sigmaa (St. Louis, MO). 

Microscopicc analysis 
Hematoxylinn and eosin-stained sections were coded and randomly analyzed. All areas of each 
biopsyy section were examined and histologic features were scored independently by two 
observers.. Tissues were scored separately according to the degree of infiltration by lymphocytes, 
plasmaa cells, or polymorphonuclear cells (PMNs). A score of 0 represented minimal infiltration, 
whilee a score of 4 represented infiltration by numerous inflammatory cells. In addition, each 
tissuee was assigned a mean score for hyperplasia of the synovial lining layer (0: 1-2, 1: 3-4, 2: 5-
6,, 3: >7 cell layers). The inflammation score was determined by the sum of the four components: 
thee score for hyperplasia of the synovial lining and the scores for infiltration by lymphocytes, 
plasmaa cells, and PMNs, as described previously ' " ' . 
CD3,, CD4, CD8, CD22, CD38, and CD68 expression in the synovial sublining (CD68(s)) were 
scoredd on a five-point scale (0-4) by two independent observers, who were unaware of the 
clinicall data. For the evaluation of CD38+ plasma cells, only strongly positive cells with plasma 
celll morphology were taken into account, because CD38 may be present in low density on 
subsetss of natural killer (NK) cells, T-cells, B-cells, and macrophages. Similarly, for the 
evaluationn of CD4+ cells only cells with lymphocyte morphology were included, since CD4 may 
bee expressed by macrophages. MAb67 and CD68 in the synovial lining layer (CD68(1)) were 
alsoo scored semiquantitatively on a five-point scale. Expression of granzyme B, IL-2, IL-4, IL-
10,, and IFNy in the synovial lining and sublining was scored in a similar way. Individual 
readingss were identical or differed by only 1 point. Minor differences between the observers 
weree resolved by mutual agreement. 
Thee scoring system, which has been described before ' ' ' , is calibrated for each marker and 
hass been developed previously by examining many rheumatoid synovial tissues in order to 
comparee the expression of a specific marker between different groups, as in the present study. 
Becausee some cell types or cytokines are present more abundantly than others, the evaluation of 
eachh requires a different sensitivity level. The scoring system of 0-4 therefore refers to different 
numberss of positively staining cells for each marker, e.g. for CD68(s) a score of 4 represents a 
farr larger number of positive cells than a score of 4 for IL-2+ cells. Therefore, the scoring system 
shouldd not be used to compare the expression of different markers within patient groups. 
Exampless of the stainings for IL-2, IL-4, IL-10, and IFNy are shown in the Appendix, Figure 2. 
Exampless of the stainings for phenotypic markers and the negative controls have been shown 

,, 13-15 

previously y 

Statisticall  analysis 
Thee following non-parametric tests were used: the Kruskal-Wallis test for several group means 
too compare the four patient groups (RA and ReA in relation to disease duration) and the Mann-
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Whitneyy two sample test for comparison of the whole group of patients with RA vs. the whole 
groupp of patients with ReA. 

RESULTS S 

Clinicall  features 
Clinicall and demographic data of the patients studied are presented in Table 1. The patients were 
matchedd for disease duration. Patients with early RA had a disease duration of 7  3 months 
(meann  standard deviation, SD), patients writh early ReA had a disease duration of 5  5 months. 
Thee disease duration was on average longer in long-standing RA (113  28 months) than in long
standingg ReA (22  9 months). In the group of patients with RA, women were affected more 
oftenn than men, the serum CRP levels were higher, and more patients were rheumatoid factor 
positivee than in the group of patients with ReA. In the ReA group erosions were absent. 

Histologicc features 
Histologicc analysis demonstrated similar scores for PMNs as well as for synovial lining 
hyperplasiaa in patients with RA compared to patients with ReA (Table 2). However, the scores 
forr infiltration by lymphocytes (P =• 0.01), plasma cells (P < 0.01), and the inflammation scores 
(PP < 0.04) were higher for patients with RA than for patients with ReA. The results were not 
dependentt on disease duration. 

Lymphocytes s 

Plasmaa cells * 

PMNs s 

Synoviall lining layer r 

Inflammationn score * 

Rheumatoid d 

<< ] yr 

(n=10) ) 

2.00 + 0.7(1-3) 

2.0+1.3(0-4) ) 

1.33  1.0(0-3) 

0.44 7 (0-2) 

9.22 ) 

Arthriti s s 

>> 1 yr 

(n=10) ) 

1.99  0.7 (1-3) 

2.33  1.4(0-4) 

1.33  l.l (0-3) 

0.44 5 (0-1) 

8.99 3 (4-12) 

Reactive e 

<< i yr 

(n=6) ) 

0.88 8 (0-2) 

0.44 9 (0-2) 

1.0  1.0(0-2) 

0.00  0.0 (0-0) 

5.44 9 (2-9) 

Arthriti s s 

>> 1 yr 

(n=5) ) 

1.33 ) 

0.88  1.0(0-2) 

1.55  1.3(0-3) 

0.55 ) 

7.3+2.5(4-10) ) 

TableTable 2. Histologic features of synovial tissue from patients with rheumatoid arthritis (RA) and reactive arthritis 

(ReA):(ReA): scores for infiltration by lymphocytes, plasma cells, and polymorphonuclear cells (PMNs), as well as scores 

forfor synovial lining hyperplasia and inflammation. The data represent mean * SD (range); * p < 0.05. Mann-

WhitneyWhitney test for comparison between scores for patients with RA (n = 20) and ReA (n = II). 

Immunohistologicc features: the cellular  infiltrat e 
Slidess were negative when the primary antibody was omitted or irrelevant antibodies were 
applied.. The mean scores for the cell markers investigated in this study are demonstrated in 
Tablee 3. lmmunohistological analysis revealed no significant differences when the scores for T-
cells,, B-cells. and macrophages in ST from patients with RA were compared with the scores in 
STT from patients with ReA. The scores for infiltration by CD38' plasma cells (P = 0.01) and 
granzymee B+ NK cells (P < 0.05) were higher for patients with RA than for patients with ReA. 
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Conversely,, the scores for MAb67+ type B synoviocytes were higher for patients with ReA than 
forr patients with RA (P < 0.04). Statistically significant differences between either patients with 
earlyy RA and long-standing RA or those with early ReA and long-standing ReA were not found. 

CD3 3 

CD4 4 

CD8 8 

CD22 2 

CD38* * 

GranB* * 

Mab67* * 

CD68(1) ) 

CD688 (s) 

Rheumatoid d 

<< 1 yr 

(n=10) ) 

2.00 2 (0-4) 

2.2++ 1.0(1-4) 

1.77 2 (0-3) 

0.88  0.9 (0-2) 

2.22  1.2(0-4) 

1.66 + 0.8(1-3) 

0.99  0.9 (0-2) 

1.88 8 (1-3) 

2.55 8 (1-4) 

Arthriti s s 

>> 1 yr 

(n=10) ) 

1.3++ 1.1 (0-3) 

1.44 1 (0-3) 

1.00 + 0.7(0-2) 

1.3+0.9(0-3) ) 

2.44 + 0.8(1-4) 

1.33 5 (1-2) 

0.77 7 (0-2) 

1.7+0.5(1-2) ) 

2.55 ) 

Reactive e 

<< 1 yr 

(n=6) ) 

0.88 8 (0-2) 

0.88  1.0(0-2) 

0.88 4 (0-1) 

0.77 8 (0-2) 

1.4  1.1 (0-3) 

0.77 5 (0-1) 

1.22 8 (0-2) 

1.77 + 0.8(1-3) 

1.88 + 0.8(1-3) 

Arthriti s s 

>> 1 yr 

(n=5) ) 

1.66 9 (1-3) 

1.66 5 (1-2) 

0.55 ) 

0.55 6 (0-1) 

0.88 + 0.5(0-1) 

1.00 7 (0-2) 

1.88 4 (1-2) 

) ) 

2.00 7 (1-3) 

TableTable 3. /mmunohistologic features of synovial tissue from patients with rheumatoid arthritis (RA) and reactive 

arthritisarthritis (ReA): scores for infiltration by CD3+ T-cells, CD4+ cells, CDH+ cells. CD22+ B-cells, CD38+ plasma 

cells,cells, granzyme B+ (GranB} cells, MAb67+ type B synoviocytes, and CD68+ macrophages in the synovial lining 

layerlayer (I) and the synovial sublining (s). The data represent mean  SD (range); * p < 0.05. Mann-Whitney test, 

comparisoncomparison between scores for patients with RA (n - 20) and ReA (n = I J). 

II  mmunohistologic features: cytokine expression 
Thee scores for IL-2, IL-4, and IL-10 did not differ significantly between patients with RA and 
ReAA (Table 4). The scores for IFNy were significantly higher for patients with RA than for 
patientss with ReA, independent of disease duration. For patients with RA the scores for IL-2, IL-
4,, and IL-10 tended to be higher in early disease than in long-standing disease, with the opposite 
tendencyy for patients with ReA. These differences were not statistically significant, except for 
IL-22 expression in ReA. 

IL-2 2 

IL-4 4 

IL-10 0 

IFN-y* * 

Rheumatoid d 

<< 1 yr 

(n=IO ) ) 

1.11 ) 

1.11 ) 

0.88 9 (0-2) 

1.00 8 (0-2) 

Arthriti s s 

>> 1 yr 

(n=IO) ) 

0.11 ) 

0.66 5 (0-1) 

0.33  0.5 (0-1) 

1.33 ) 

Reactive e 

<< lyr 

(n=6) ) 

0.00  0.0 (0-0) 

0.22 5 (0-1) 

0.22 4 (0-1) 

0.55 8 (0-2) 

Arthriti s s 

>> 1 yr 

(n=5) ) 

) ) 

1.22 + 1.1 (0-2) 

0.66 5 (0-1) 

0,44 5 (0-1) 

TableTable 4. Semiquantitative scores for the number of cells in the synovial tissue positive for IL-2. IL-4. IL-10, and 
IFNyIFNy for patients with rheumatoid arthritis (RA) and reactive arthritis (ReA). The data represent mean  SD 
(range);(range); * p < 0.05. Mann-Whitney test, comparison between scores for patients with RA (n ~ 20) and ReA in = 
U). U). 
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DISCUSSION N 

Thee present study revealed variation in the immunohistologic features of synovium from patients 
withh RA and from patients with ReA, which were independent of disease duration. The mean 
scoress for synovial infiltration by lymphocytes, plasma cells, and granzyme B+ cells were 
significantlyy higher in RA than in ReA. Analysis of the cytokine profile showed higher scores 
forr IFNy+ cells in RA than in ReA, whereas the mean scores for IL-2, IL-4, and IL-10 did not 
differr significantly. 
Inn most studies on the immunohistologic features of ST from RA patients, synovial biopsy 
specimenss from patients with osteoarthritis were used as controls. Most of the markers for 
synoviall inflammation are increased in RA in comparison with osteoarthritis. Since osteoarthritis 
iss traditionally considered a non-inflammatory arthropathy, it is preferable to include an 
immune-mediatedd joint disease, such as ReA, as control. Thus, the differences in the 
immunohistologicc features may point to specific features of synovial inflammation in RA. 
However,, bias could be introduced when comparing RA patients with ReA patients as a result of 
differencess in disease duration, since RA is a chronic disease, whereas ReA is usually self-
limiting.. Therefore, we also studied patients with early RA and a group of patients where the 
ReAA had a chronic course . In line with previous studies, the data from the present study support 
thee notion that in patients defined in clinical studies as having early RA, the inflammatory 
processess assessed by immunohistological techniques cannot be distinguished from those in 
establishedd disease ' " . The same seems true for ReA, although the scores for synovial lining 
layerr hyperplasia and for IL-2+ and IL-4+ cells tended to be lower in ReA of short duration 
comparedd with more chronic disease. Consequently, it is unlikely that differences in the cellular 
infiltratee and cytokine profile between RA and ReA can be explained by differences in disease 
duration. . 

Inn accordance with previous findings, the rheumatoid ST was characterized by synovial lining 
hyperplasiaa and by accumulation of lymphocytes, plasma cells, macrophages and relatively low 
numberss of other cell types such as PMNs and granzyme B+ cells in the synovial sublining 

'"" ~~\ We found a specific and significant increase in the mean scores for lymphocytes in 
rheumatoidd ST compared to ST from ReA patients, although the differences between the mean 
scoress for the individual subsets, T-cells and B-cells, were not statistically significant. 
Itt has previously been demonstrated that granzyme+ cells can be found in rheumatoid ST ,3*2(,-27

i 

wheree the majority of the granzyme B+ cells consist of natural killer (NK.) cells ' \ The increase 
inn the mean scores for the expression of granzyme B+ cells in ST from RA patients compared 
withh ReA patients is in accordance with recent findings which show a specific increase in the 
levelss of soluble granzyme B in rheumatoid synovial fluid 2*. 
Thee expression of T-cell derived cytokines was investigated in the present study, because it has 
beenn suggested that the balance between the production profile of T helper I (Thl)-Iike 
cytokines,, including IFNy and IL-2, and Th2-like cytokines, including IL-4 and IL-10, is 
differentt when RA and ReA are compared " . The increase in the expression of IFNy in ST from 
RAA patients compared with ReA patients extends previous studies, which described IFNy+ cells 
inn the absence of IL-2+ or IL-4+ cells when unstimulated synovial fluid mononuclear cells from 
RAA patients were analysed " and which reported increased expression of IFNy by lymphocytes 
inn ST from RA patients compared with patients with osteoarthritis 1:. Although the results 
presentedd here seem to differ from previous comparisons between ST from RA and from ReA 
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patientss that reported increased mRNA for IL-4 in ReA patients 3I, they confirm the increased 
Thl/Th22 ratio in RA when compared with ReA. 
Thee observation that the number of lymphocytes, plasma cells, granzyme+ NK cells, and IFNy+ 
cellss is specifically increased in rheumatoid ST contributes to recent debates on the 
pathophysiologyy of RA. Particularly, the recent observations that blockade of the macrophage-
derivedd cytokines tumour necrosis factor a (TNFa) and IL-lp ameliorates the disease have 
stimulatedd hypotheses that bring the macrophage in the centre of the pathophysiology of RA 3 \ 
Otherr investigators have described fibroblast-like synoviocytes as transformed and autonomous 

33 3 

agressorss , but by what mechanisms the synovial macrophages and fibroblast-like synoviocytes 
becomee agressors remains to be defined. The observations presented here support the paradigm 
thatt RA may be a T-cell directed process in any phase of the disease. These cells can be divided 
intoo several subsets which may exert different effects via cell-cell contact and via the release of 
cytokiness "'. At least a subset of the CD4+ T-cells cells seems to orchestrate the local cellular 
infiltratee in RA . Furthermore, T-cells may stimulate B-cells to mature into plasma cells and to 
producee rheumatoid factors in particular. Granzyme+ cells mediate cytotoxicity and may also 
playy a role in maintaining functional abnormalities of B-cells in RA 36. Since granzyme B could 
degradee the proteoglycan component of cartilage at the pannus-cartilage junction ' , 
granzyme++ cells may also play a role in joint destruction in RA. 
Thee results support the view that the perpetuation of RA is a result of specific immune 
recognitionn in the joint and that granzyme B+ cells may play a role in joint destruction. 
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ABSTRACT T 

Wee compared the state of activation and proliferation of T cells in synovial tissue (ST) from 
rheumatoidd arthritis (RA) patients in early and late stages of the disease to find out whether T 
celll driven-immune responses vary during the course of the disease. ST was obtained from 12 
patientss with early RA (<1 year) and 12 patients with longstanding RA (>5 years). 
TT cells and interferon y (IFN y) positive cells were detected in ST using immunohistologic 
methods.. To determine the percentage of T cells expressing the interleukin-2 receptor, IFN y or 
thee proliferation associated antigen Ki67, immunofluorescence doublestaining techniques were 
used.. The scores for the number of T cells and for the expression of IFN y as well as the 
percentagess of T cells expressing CD25, IFN y or Ki67 in rheumatoid synovium were not 
dependentt on disease duration. These results do not support the assumption that the 
responsivenesss of T cells in ST of RA patients differ between early and late stages of the 
disease.. The data indicate that at present no arguments exist that the effect of T cell directed 
interventionss on synovial inflammation might vary in different stages of the disease. 

INTRODUCTIO N N 

Thee role of T cells in the pathogenesis of rheumatoid arthritis (RA) is still not completely 
understood.. The strongest argument in favor of the assumption that T cells play a critical role in 
RAA is the association of disease susceptibility and outcome with HLA-DR4 antigens (1), and in 
particularr with the "shared epitope" (2). Other evidence is derived from experimental animal 
modelss of arthritis where a single T cell clone can transfer the disease (3,4). The similarities 
betweenn the delayed-type hypersensitivity (DTH) reactions in the skin and the cellular infiltrate 
inn rheumatoid ST characterized by a large number of CD4+ T cells, which express activation 
markerss (5-7), and the beneficial effect of some interventions directed at T cells (8,9) form 
additionall arguments. 
Thee T cell primacy in chronic RA has been questioned (10) on the basis of the 
hyporesponsivencsss of T cells, reflected by a reduced response to mitogenic stimulation and 
decreasedd Ca2+ influxes (11,12), impaired T cell receptor (TCR) C-chain mediated signaling 
(13),, a lowered T cell proliferation rate (14), and a reduced expression of T cell derived 
cytokiness like interferon y (IFN y) and interleukin 2 (IL-2) (15-17). The difficulty to 
demonstratee oligoclonal synovial T ecl populations (18,19) and the high number of synovial 
macrophages,, which is correlated with disease activity (20) as well as with the progression of 
radiographicc signs of joint destruction (21) as well as of fibroblast-like synoviocytes and other 
inflammatoryy cells in the synovial membrane could also suggest a restricted role for T cells in 
RA.. The two paradigms in which either T cells or macrophages have a central role in the 
pathogenesiss of RA arc not mutually exclusive. It is conceivable that after a first phase initiated 
byy an inciting stimulus operating through T cell dependent pathways, macrophage and 
fibroblastt dependent processes emerge that promote synovial inflammation and joint destruction 
(22). . 

Inn line with this hypothesis, it has been shown that during a T cell mediated disease the 
percentagee of IFN y producing T cells declines with time (23). Arguments in favor of the 
contentionn that T cells are involved in early disease processes are found in animal models of 
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arthritiss by showing T cell activation, which precedes a pro-inflammatory cytokine release by 
macrophagess in collagen 2 induced arthritis (CIA) (24). In addition, a decline in IFN y 
productionn in later stages CIA has been reported (25). Several clinical studies provided 
evidencee to support a prominent role for T cells during early stages of RA, such as responses to 
possiblee auto-antigens which were particularly found in early disease phases (26,27), the use of 
aa more restricted repertoire of T cell receptor P genes in early disease phases (28,29) and 
immunohistopathologicc studies of the synovialmembrane showing different amounts and 
distributionn of inflammatory cells in various stages of synovitis (30). 
Basedd on these observations, it was suggested that therapeutic strategies directed particularly at 
autoimmunee responses should be investigated for use in early stage RA (31). Insight into the 
activationn state of T cells in different stages of disease may be important to understand 
pathogeneticc mechanisms underlying RA and could be a lead for the design of future 
therapeuticc strategies. The aim of the present study was to investigate the activation state and 
proliferationn rate of ST T cells in patients with a wide range of disease duration. Tonsils were 
incorporatedd for comparison with a chronic T cell mediated immunological reaction. 

PATIENT SS AND METHOD S 

Patients s 
Twelvee patients with RA of < 1 year's duration as measured from the first clinical signs of 
arthritiss and 12 patients with RA of > 5 years' duration were investigated. All patients had 
activee arthritis and fulfilled the American College of Rheumatology (formerly, the American 
Rheumatismm Association) criteria for RA (32). None of the patients were treated with 
corticosteroidss at the time the biopsies were taken. All patients gave informed consent, and the 
studyy protocol was approved by the Medical Ethics Committee of the Leiden University 
Medicall Center. 

Tissuee specimens 
Ann average of 20 biopsies of ST was randomly taken from the knee joint of the RA patients 
withh a Parker-Pearson needle (33). Furthermore, human palatine tonsils were obtained from 
patientss with recurrent tonsillitis undergoing tonsillectomy. The tissue samples were placed 
togetherr and snap frozen in Tissue-Tek OCT (Miles, Elkhart, IN) by immersion in methylbutane 
(-70°C)) and stored in liquid nitrogen. Cryostat sections (5 um) were placed on adhesive glass 
slidess (Starfrost, Knittelglaser, Germany), air-dried overnight and stored at -80°C until 
immunohistochemicall analysis could be performed. 

II mm u no histochemistry 
Seriall sections of RA ST were stained with the following mouse monoclonal antibodies (Mab): 
antii IFN y (MD2, Dr. P van der Meide, BPRC, Rijswijk, The Netherlands) (16,34) and anti-CD3 
(OKT3,, Cilag, Herenthals, Belgium). Staining was performed as described previously (35). 
Beforee use, the slides were allowed to warm to room temperature and air-dried. Fixation was 
performedd in acetone for 10 min and slides were again air-dried. The sections were washed 
betweenn all steps with phosphate buffered saline (PBS). Endogenous peroxidase activity was 
inhibitedd using 0.1% sodium azide and 0.3% hydrogen peroxide in PBS. All primary and 
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secondaryy antibodies were diluted in PBS containing 10% normal human AB serum (NHS). The 
primaryy antibodies were incubated overnight at 4°C. HRP- conjugated goat anti-mouse (DAKO, 
Glostrup,, Denmark) was added for 30 min at room temperature, followed by incubation with 
HRPP conjugated swine anti goat-antibody (Tago, Burlingame, CA) for another 30 min at room 
temperature.. HRP activity was detected using 3-amino-9-ethylcarbazole (Sigma, St.Louis, MO). 
Slidess were counterstained with Mayer's hemalum solution (Merck, Darmstadt, Germany) and 
afterr washing with distilled water, mounted in Kaiser's glycerol gelatin (Merck). 

Immunofluorescencee double staining procedures 
Too investigate the expression of IL-2 receptor, IFN y, and the proliferation associated antigen 
Ki677 by T cells in ST and tonsils, double staining procedures were performed. The MAb against 
IL-22 receptor (CD25) and Ki67 were obtained from DAKO. Slides were allowed to warm to 
roomm temperature, air-dried and fixed with acetone for 10 min at room temperature and air-
dried.. Slides were incubated with mouse anti Ki67 or anti CD25 MAb in PBS with 1% bovine 
serumm albumin (BSA) or MD2 in PBS with 10% NHS on sequential sections overnight at 4°C, 
followedd by incubation with biotinylated horse anti- mouse lg (Vector Laboratories, 
Burlingame,, CA) for 45 min at room temperature, followed by an additional incubation period 
withh streptavidin-HRP (Zymed, San Fransisco, CA) for 45 min at room temperature. The free 
bindingg sites of the horse anti- mouse polyclonal antibody were blocked using 20% normal 
mousee serum (NMS) in PBS, for 20 min at room temperature. Subsequently, slides were 
incubatedd for 1 Hr at room temperature with a mixture of fluorescein isothiocyanate (FITC)-
conjugatedd mouse anti-CD2 (DAKO) and anti-CD3 (Becton & Dickinson, Mountain View, 
CA),, diluted in PBS with 5% NMS and 5% NHS. Afterwards, slides were fixed with 1% 
paraformaldehydee in PBS for 15 min at room temperature. Histochemical revelation of HRP 
wass performed using tetramethylrhodamine conjugated tyramine, diluted in 0.2 M Tris-HCL, 10 
mMM imidazole, 0.01% hydrogen peroxide 30% at pH 8.8 for 30 min at room temperature. 
Subsequently,, slides were counterstained using bisbenzimide. Between all incubation periods, 
slidess were washed with PBS. Slides were mounted with PBS/glycerol 1:9 (v/v) containing a 
0.01MM solution of p-phenylene diamine (Sigma) and sealed and stored at -20°C until 
microscopicall examination was performed. 

Microscopicc analysis 
lmmunohistochemicall staining for IFN y and CD3 was scored randomly by two observers, who 
weree unaware of the clinical data, on a five-point scale (0-4) as described previously (20,35-
37,48).. Individual readings were identical or differed only one point. Minor differences between 
thee observers were resolved by mutual agreement. This scoring system is calibrated for each 
markerr and has been developed previously by examining many rheumatoid arthritis synovial 
tissues.. Because some activation and proliferation markers or cytokines are more abundant than 
others,, the evaluation of each requires a different sensitivity level. The scoring system of 0-4 
thereforee refers to different numbers of positively staining for each marker. In 
immunofluorescencee double-staining experiments coexpression of CD3/CD2 with Ki67, CD25 
orr MD2 was determined by counting at least 300 CD3+/CD2+ cells. 
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Statisticall  analysis 
Thee following non-parametric tests were used: the Kruskal-Wallis test for several group means 
(comparingg the scores for the three groups: ST from early RA, ST from longstanding RA, and 
tonsil)) and the Mann-Whitney U test (comparing the scores for ST within the RA group and 
comparingg the scores for ST from RA patients with those for tonsil). 

RESULTS S 

Clinicall  features 
Demographicc and clinical data of the RA patients included in the study are presented in Table 1. 
Bothh the early and the longstanding RA group consisted of seven females and five males each. 
Thee mean age was in the early RA group 69+10 (mean  standard deviation, SD) years and in 
thee longstanding RA group 57  14 years. Patients with early RA had a disease duration of 5  2 
monthss and patients with longstanding RA had a disease duration of 194  147 months. All 
patientss were treated with non-steroidal anti-inflammatory drugs (NSAIDs). 

Patientt  age sex Disease Disease modifying antirheumatic CRP RF Erosions 
durationn drugs 

(yrs)) (M/F) (Months) (Mg/L) (+/-) (+/-) 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 
il l 
12 2 

13 3 
14 4 
15 5 
16 6 
17 7 
18 8 
19 9 
20 0 
21 1 
22 2 
23 3 
24 4 

80 0 
67 7 
73 3 
72 2 
52 2 
56 6 
74 4 
72 2 
63 3 
79 9 
55 5 
79 9 

75 5 
68 8 
39 9 
75 5 
49 9 
60 0 
54 4 
32 2 
67 7 
56 6 
65 5 
42 2 

M M 
F F 
F F 
M M 
F F 
F F 
F F 
M M 
M M 
F F 
F F 
M M 

M M 
F F 
M M 
F F 
F F 
M M 
F F 
F F 
M M 
F F 
F F 
M M 

3 3 
10 0 
4 4 
3 3 
7 7 
5 5 
7 7 
2 2 
4 4 
4 4 
8 8 
6 6 

576 6 
60 0 
72 2 
156 6 
156 6 
204 4 
312 2 
72 2 
288 8 
60 0 
216 6 
156 6 

--
--
--
--
--
--
--
--
--
--
--

Plaquenil l 

D-peniciliamine e 
--
--

Hydroxychloroquine e 
Sulfasalazine e 

--
--
--
--

Methotrexate e 
--
--

118 8 
11 1 
80 0 
16 6 
74 4 
20 0 
70 0 
23 3 
78 8 
107 7 
108 8 
80 0 

124 4 
36 6 
25 5 
32 2 
33 3 
57 7 
51 1 
33 3 
96 6 
92 2 
33 3 
66 6 

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
--

+ + 
+ + 
+ + 
+ + 

--
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

--

TableTable J. Demographic and clinical data of the J 2 patients with early rheumatoid arthritis (RA) and the 12 patients 

withwith longstanding RA, who were studied for the expression of activation markers on synovial T cells. 
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Immunohistologicc features 
CD33 and IFN y (Appendix, Figure 3) could be detected in ST samples from all RA patients. 
Stainingg for IFN y could be detected in association with various structures, especially with 
bloodd vessels and the synovial lining layer. The mean scores for CD3 and IFN y in patients with 
earlyy RA were not different from those in patientss with longstanding RA (P>0.1) (Table 2). 

Diseasee duration 

<< 1 year 

(n=12) ) 

>> 5 years 

(n=12) ) 

CD3 3 

IFN-y y 

2.55 0 (1-4) 

2.99 + 1.0(1-4) 

2.33 0 (1-4) 

3.22 7 (2-4) 

TabicTabic 2. Semiquantitative scores f 0-4) for the expression of CD3 and IFN y in synovial (issue from patients with 

earlyearly (<I  rear) and longstanding (>5 years) rheumatoid arthritis. Values are the mean  (range} (all P values 

>0.l). >0.l). 

Doublee staining procedures 
Noo difference was found for the mean percentages of T cells expressing Ki67 (Appendix, Figure 
4),, CD25, and IFN y between early and late RA patients (all P>0.1) (Table 3). The mean 
percentagess of Ki67, CD25, and IFN y positive T cells in patients with RA were lower 
comparedd with those in tonsils (Kxuskal-Wallis test and Mann- Whitney test: PO.05) (Table 3). 
Somee individual patients exhibited similar numbers of T cells expressing activation markers 
comparedd with those observed in tonsils after recurrent tonsillitis. These patients did not differ 
fromm the other patients regarding disease activity and medication. 

STRA A STRA A 

<< 1 year 

(n= l l ) ) 

>> 5 years 

(n=12) ) 

Tonsil l 

(n=5) ) 

%CD25ofCD3/CD2 2 
subset t 
%% IFN-y of CD3/CD2 
subset t 
%K167ofCD3/CD2 2 
subset t 

]] .9  1.7 (0.0-3.7) 1.9  2.2 (0.0-7.7) 10.5* + 2.3 (7.0-12.7) 

3.22  2.8 (0.0-8.3) 3.7  2.7 (0.7-10.0) 22.9*  5.0 (16.0-28.7) 

2.22 +1.2 (0.0-4.3) 2.3  2.2 (0.0-6.3) 7.1. + 2.3 (4.3-10.0) 

TableTable 3. Percentages of T cells co-expressing CD25, /FN y and Ki67 in synovial tissue (ST) from patients with 

earlyearly rheumatoid arthritis (RA) (<1 year), longstanding RA (> 5 years), and in tonsil. Values are the mean  SD 

(range). (range). 

** P<0.005. Kruskal-Wallis test (comparing scores for the three groups) and Mann-Whitney test (RA versus 

tonsil). tonsil). 

•• P<0J)5, Kruskal-Wallis test, andP<0.005. Mann-Whitner test. 
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DISCUSSION N 
Thee results presented here demonstrate a reduced activation and proliferation state of 
rheumatoidd ST T cells compared with T cells from tonsils. The results are in line with previous 
findingss (11-17) suggesting that T cells in rheumatoid ST are functionally deficient. The 
hyporesponsivee state of ST T cells could also be observed in the so-called "early" RA patients 
group.. In contrast to previous studies, the application of double staining techniques in the 
presentt study clearly shows that the reduced expression of IFN y can be attributed to T cells. 
Double-stainingg is important to interpret the expression of IFN y, IL-2 receptor, and Ki67, 
becausee they can be expressed by multiple cells. 
Thee reduced expression of IFN y in ST from patients with RA described here is in concordance 
withh previous studies (16,38) as is the finding concerning the low IL-2 receptor and Ki67 
expressionn in ST (39-41). In the present study we demonstrate a hyporesponsive state of T cells 
fromm RA patients compared with T cells from patients with recurrent tonsillitis. To reduce the 
changee of bias as a result of differences in technique or patient selection, all biopsy specimens 
weree obtained with the same biopsy technique and patients treated with corticosteroids were 
excluded.. It is unlikely that the findings described in the present study are influenced by 
samplingg error due to the use of blind needle biopsies in the light of results from a recent study, 
whichh shows that most microscopic measures of inflammation in biopsy specimens.obtained 
fromm the suprapatellar pouch by blind needle biopsy are similar to those in samples selected at 
arthroscopyy (42). Furthermore, sections from a large number of biopsy specimens were used to 
minimizee sampling error. 
Inhibitoryy cytokines present in ST, such as TGFp1 (43) and IL-10 (44), may play a role in the 
reducedd function of T cells in active RA. Furthermore, observations in a transgenic mice-model 
showedd attenuating of TCR signaling by chronic exposure of TNFa (45) and it has been 
suggestedd that chronic exposure of TNFa may also be responsible for reduced T cell functions 
inn RA (46). Recently, a direct correlation was found between hyporesponsiveness of ST T cells 
off RA patients and TCR mediated signaling transduction by severely diminished 
phosphorylationn of TCR ^-chain and p38 (13). High levels of thioredoxine, released under 
conditionss of oxidative stress and decreased intracellular levels of the antioxidant gluthatione 
(GSH)) were found in RA synovial fluid (47), which may also be relevant for the reduced T cell 
functions.. The similar findings of hyporesponsiveness of T cells for early and late RA, as 
reportedd here, do not support the paradigm that the inflammatory mechanisms in ST of RA 
patientss differ between early and late stages of the clinically manifest disease. These findings 
aree in concordance with recent studies, reporting that the immunohistologic features of 
rheumatoidd synovium were not dependent on disease duration (20)(48). It has been suggested 
thatt asymptomatic synovitis may precede the clinical manifestations of RA and that so-called 
earlyy RA is already a chronic disease (20) (49). Thus, synovitis of clinically early RA patients 
shouldd already be regarded as a chronic form of synovial inflammation. Therefore, it may be 
questionedd whether effects of T cell directed therapies might vary in different stages of RA. 
Onn average, the percentages of T cells in rheumatoid ST expressing activation markers were 
foundd to be variable. In some RA patients with either early or longstanding disease, the 
expressionn of activation markers in the ST was similar to the findings in tonsils. It is 
conceivablee that T cell activity waxes and wanes during the whole course of the disease, or that 
TT cell activity plays a dominant role in subsets of the patient population. Whether this may be 
clinicallyy relevant, remains to be determined. In conclusion, ST T cells of early RA patients 
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reveall already a hyporesponsive state, which is indistinguishable from what is found in 
longstandingg disease. This implies that there is no rationale for studying T cell mediated 
therapiess preferably in early RA based on the hypothesis that downregulation T cell function 
shouldd be more effective during earlier stages of thee disease. 
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ABSTRACT T 

Objective.Objective. The p53 tumor suppressor gene is overexpressed in synovial tissue (ST) from patients 
withh longstanding rheumatoid arthritis (RA), and may contain somatic mutations. The aim of this 
studyy was to determine p53 expression in ST from RA patients in different stages of the disease, 
comparedd with disease controls. 
Methods.Methods. ST biopsy specimens were obtained from the knee joints of 31 RA patients in varying 
diseasee phases, 8 patients with reactive arthritis (ReA), 10 patients with inflammatory 
osteoarthritiss (OA), and 6 control patients (4 with meniscus pathology, 2 with vascular 
insufficiency).. ST was also obtained from the clinically uninvolved knee joints of 9 RA patients. 
Expressionn of p53 was determined by immunohistology with DOl monoclonal antibody (mAb) 
inn all patients and by Western blot analysis with D07 mAb in a subgroup of the patients. 
Results.Results. The p53 protein was detected by immunohistology in 10 of the 13 patients with early 
RAA (duration <6 months) and in 12 of the 14 patients with longstanding RA (duration >5 years). 
Thee p53 protein was also demonstrated in clinically uninvolved knee joints. Western blots 
revealedd immunoreactive p53 in ST extracts from all RA patients. Expression of p53 was about 
twicee as high in ST from patients with longstanding RA as in early RA samples, but the 
differencee did not reach statistical significance. Small amounts of p53 were also detected in ST 
fromm ReA and OA patients, although the expression in RA synovium was significantly higher. 
Immunohistologicc analysis of normal ST gave negative results for p53. 

Conclusion.Conclusion. This study shows that p53 overexpression is specific for RA, compared with OA 
andd ReA. This phenomenon is probably secondary to increased production of wild-type p53 
proteinn in response to DNA damage and secondary to somatic mutations caused by the genotoxic 
locall environment in inflamed ST. Of interest, p53 overexpression can also be found in the 
earliestt stages of RA and in clinically uninvolved joints. 

INTRODUCTIO N N 

Severall factors contribute to increased cellularity of rheumatoid arthritis (RA) synovial tissue 
(ST),, such as recruitment of inflammatory cells, local retention, and cell proliferation. Recent 
studiess suggest that inadequate apoptosis might also enhance ST hyperplasia in RA (1,2). Very 
feww apoptotic cells are found in rheumatoid ST (3,4), despite the presence of fragmented DNA in 
thee intimal lining layer (1,3). The p53 tumor suppressor gene is an important regulator of 
apoptosis.. When cellular DNA is damaged, the p53 protein arrests growth at the G|/S interface 
untill damage is repaired; alternatively, p53 can induce apoptosis if damage is severe (5). Loss or 
inactivationn of p53 (through mutations, for example) contributes to the development of many 
neoplasticc diseases. Such mutations can prolong the half-life of the protein, thereby permitting its 
detectionn in tissue. Overexpression of immunoreactive p53 protein has been detected in cultured 
fibroblast-Iikee synoviocytes (FLS) and in ST from patients with longstanding, destructive RA 
(2,6).. At present, no information is available on p53 expression in the early stages of RA and in 
otherr inflammatory arthropathies. This led us to investigate p53 expression in the earliest phases 
off RA and in reactive arthritis (ReA). A systematic comparison of p53 expression in ST from 
patientss with RA of < 6 months' duration with that in ST from patients with RA of > 5 years' 
durationn was performed. In addition, ST from clinically uninvolved knee joints was compared 
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withh ST from clinically involved knee joints from the same RA patients. Patients with ReA and 
inflammatoryy osteoarthritis (OA) served as disease controls. 

PATIENT SS AND METHOD S 

Patients s 
Thirty-onee patients with RA, who fulfilled the American College of Rheumatology {formerly, 
thee American Rheumatism Association) criteria for RA (7), were evaluated. Thirteen RA 
patientss (6 male, 7 female; mean age 64 years) had a disease duration of < 6 months (''early 
RA"),, as measured from the first clinical signs of arthritis, 4 patients (3 male, 1 female; mean 
agee 61 years) had a disease duration of < 6 months and > 5 years, and 14 RA patients (5 male, 9 
female;; mean age 55 years) had a disease duration of > 5 years ("longstanding RA"). All RA 
patientss had active arthritis in a knee joint and elevated serum levels of C-reactive protein (CRP), 
butt none had joint destruction necessitating joint surgery. The arthritis controls included 10 
patientss with inflammatory OA (2 male, 8 female; mean age 68 years), who fulfilled established 
criteriaa for OA (8) and had actively inflamed knee joints and elevated CRP levels, and 8 patients 
withh ReA (3 male, 5 female; mean age 49 years) induced by Yersinia enterocolitica. 
Mostt of the arthritis patients were treated with nonsteroidal antiinflammatory drugs. None were 
treatedd with corticosteroids or immunosuppressive drugs, such as azathioprine, methotrexate, or 
cyclophosphamide,, within 3 months prior to study entry. However, disease-modifying 
antirheumaticc drugs, such as hydroxychloroquine, sulfasalazine, and gold, were allowed. 
Laboratoryy assessments included the measurement of serum levels of CRP and rheumatoid 
factor. . 
Radiographss of knees, hands, and feet were obtained for diagnostic purposes. Six patients 
withoutt inflammatory joint disease served as controls: 2 patients had vascular insufficiency due 
too atherosclerosis and 4 patients had meniscus pathology. All patients gave their informed 
consent,, and the study protocol was approved by the Committee of Medical Ethics of the Leiden 
Universityy Medical Center. 

Synoviall  biopsy 
Biopsyy specimens of ST were randomly obtained with a Parker-Pearson needle from the 
suprapatellarr pouch of a clinically involved knee joint from 22 RA patients and from the 
clinicallyy involved knee joints from all ReA and OA patients. In 9 RA patients with both a 
clinicallyy involved and a clinically uninvolved knee joint (1 patient with a disease duration < 6 
months,, 4 patients with a disease duration > 6 months but < 5 years, and 4 patients with a disease 
durationn > 5 years), arthroscopy was performed in both knees, as previously described (9). 
Amongg these patients, an average of 15-20 pieces of ST was obtained. ST from all 4 patients 
withh meniscus pathology and from the 2 patients with vascular pathology was obtained with a 
graspingg forceps. The samples were snap frozen in TissueTek OCT compound (Miles 
Diagnostics,, Elkhart, IN) by immersion in methylbutane (at -70°C). The frozen blocks were 
storedd in liquid nitrogen. 
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lmmunohistofogy y 
Thee immunohistologic method used was a modification of a previously described technique 
(9.10).. All slides were stained in a single procedure. The IgG2a mouse anti-p53 monoclonal 
antibodyy (mAb) DOl (Oncogene Science, Uniondale, NY), which recognizes an epitope 
betweenn amino acids 1 and 45 of wild-type and mutant p53, was diluted to a final concentration 
off 0.2 ug/ml. In negative-control sections, the primary antibody was omitted or irrelevant 
antibodyy was applied at the same concentration as the primary antibody. Incubation with 
horseradishh peroxidase (HRP)-conjugated goat anti-mouse antibody was followed by incubation 
withh biotinylated tyramine. After incubation with HRP labeled streptavidin, HRP activity was 
detectedd using hydrogen peroxide as substrate and amino ethylcarbazole as dye. 

Microscopicc analysis 
Sectionss were coded and randomly analyzed. All areas of each biopsy section were examined 
independentlyy by 2 observers, as described previously (2,11), Briefly, the sections were scored 
separatelyy for the presence of p53 in the intimal lining layer and the diffuse leukocyte infiltrate, 
lymphocytee aggregates, and endothelium in the synovial sublining. The scores were assigned 
semiquantitativclyy on a 0 ^ scale, as follows: 0 = no staining, 1 = rare positive staining or trace 
stainingg (1-5%), 2 = scattered clusters of positive cells (6-15%), 3 = moderate staining in a 
specificc region (16-50%), and 4 = extensive staining throughout a region (51-100%). By taking 
intoo account the percentage of cells stained, this validated scoring system corrects for bias 
inducedd by greater cellularity in more inflamed tissues. 

Westernn blot analysis 
Expressionn of p53 was studied by Western blotting in ST from 5 patients with early RA, 5 with 
longstandingg RA, 5 with ReA, and 5 with OA, as previously described (2). All samples were 
assayedd in a single procedure. Equal amounts of protein samples (10 ug/lane) from ST lysates 
andd controls were run on a gel to normalize for differences in synovial cellularity. The sample 
wass then transferred onto a nitrocellulose membrane, and p53 protein was detected with 0.25 
p.g/mll of the IgG2b mouse anti-p53 mAb D07 (Novocastra Laboratories, Newcastle, UK), 
whichh recognizes an epitope between amino acids 1 and 45 of wild-type and mutant p53. After 
incubationn with HRP-conjugated goat anti-mouse antibody, HRP activity was detected using 
hydrogenn peroxide as substrate and was visualized by chemiluminescence. Densitometry was 
performedd with Image software, version 1.57 (NIH, Bethesda, MD). Results are expressed as 
arbitraryy densitometry units (AU). 

Statisticall  analysis 
Thee Kruskal-Wallis test for several group means was used for comparison of the 3 patient groups 
(RA,, ReA, and OA) and the Mann-Whitney 2-sample test for comparison of early RA with 
longstandingg RA. The Wilcoxon signed rank test for matched pairs was used to compare 
clinicallyy involved writh clinically uninvolved knee joints. 
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RESULTS S 

Clinicall  features 
Thee duration of disease in the early RA group was a mean  SD of 3.9  1.1 months (range 2^6 
months).. The 8 ReA patients had a mean disease duration of 15.1  13.0 months (range 1-36 
months).. Since it is difficult to reliably assess the onset of OA on clinical grounds, the disease 
durationn for this group was not determined. Elevated serum levels of rheumatoid factor were 
detectedd in 12 of 13 patients with early RA, in 3 of 4 RA patients with a disease duration of > 6 
monthss and < 5 years, and in 13 of 14 RA patients with longstanding disease. The mean serum 
CRPP levels were > 50 mg/liter in all RA groups. In ReA and OA patients, the CRP levels were 
177  17 mg/liter and 15  13 mg/liter (mean  SD), respectively. Erosions in any joint were 
presentt in 3 of the 13 patients with early RA and in all patients with RA of > 6 months' duration, 
althoughh joint damage and symptoms were not severe enough to require surgical intervention. 
Erosionss were absent in ReA and OA patients. 

RA A 

66 months >5 years ReA OA 
(n=13)) (n=14) (n=8) (n-10) 

Intimall lining layer 0.7  0,3 0.3  0.2 0.6  0.3 0.6 3 
Diffusee leukocyte infiltrate 1.7+0.3* * 3 0.8  0.2 
Lymphocytee aggregate 0.7  0.3 0.3 2 NA 0.4 3 
Endotheliumm 0.6  0.2 0.6 + 0.2 0.6 + 0.3 0.3 + 0.2 

Noo staining for p53 was observed in ST from control patients without inflammatory joint disease 
(Appendix,, Figure 5). However, p53 staining was demonstrated in 10 of the 13 patients with 
earlyy RA, in 12 of the 14 patients with longstanding RA, in 7 of the 8 ReA patients, and in 7 of 
thee 10 patients with inflammatory OA (Appendix, Figure 5). The p53 protein was detected in the 
intimall lining layer, as well as in the sublining in the diffuse leukocyte infiltrate, in the 
lymphocytee aggregates, and on endothelium. Staining was mainly cytoplasmic, but occasionally, 
aa nuclear staining pattern was noted. The IgG controls were negative for p53 in 42 of these 45 
arthritiss patients. In 3 ST samples from different patient groups, limited, nonspecific staining was 
observedd in regions that were subsequently excluded from the analysis. The scores for p53 
expressionn in the diffuse leukocyte infiltrate were significantly higher in RA patients than in 
ReAA and OA patients (P < 0.05) (Table 1). There were no significant differences in the scores for 
p533 expression in ST when early RA and longstanding RA were compared. Moreover, p53 could 
alsoo be detected in ST from the clinically uninvolved knee joints of RA patients, in the intimal 
liningg layer (mean  SEM score 0.4  0.3), in the diffuse leukocyte infiltrate (1.4  0.3), in the 
lymphocytee aggregate (0.8  0.8), and on endothelium (0.7  0.4). These values were not 
significantlyy different from the scores for p53 expression in the paired, clinically involved joints. 
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Westernn blot analysis 
Prominentt p53 bands were observed in all ST extracts from RA patients, but small amounts of 
p533 were also detected in ST extracts from patients with ReA and OA (Figure 1). Expression of 
p533 in Western blots was about twice as high in ST from patients with longstanding RA (mean
SEMM 89  22 AU, range 23-145) as in ST from patients with early RA (44  6 AU, range 26-
58).. although the difference did not reach statistical significance. Expression of p53 was 
significantlyy lower in ST extracts from patients with ReA (6  3 AU, range 0-14) and OA (32
122 AU, range 6-73) compared with that in patients with RA (P = 0.003). 

p533 expression 
(Meann  SEM) 

Longstandingg RA *"* mm * • 89  22 

Earlyy RA 44  6 

ReAA 6 3 

FigureFigure I. Western blot analysis showing immunoreactive p53 in synovial /issue extracts from patients with early 

rheumatoidrheumatoid arthritis (RA). longstanding RA. reactive arthritis (ReA), and osteoarthritis (OA). Results are expressed 

asas the mean  SEM in arbitrary densitometry units. 

DISCUSSION N 

Usingg a highly sensitive detection method for immunohistologic analysis, expression of p53 
proteinn was investigated in the earliest phases of RA. as well as in clinically uninvolved joints. 
Comparedd with inflammatory OA and ReA disease controls, significantly higher expression of 
p533 was detected in the synovial sublining of RA patients. Of interest, p53 ovcrexpression could 
alsoo be found in early RA and in clinically uninvolved knee joints from RA patients. The 
increasedd p53 expression in RA ST was confirmed by Western blot analysis. 
Immunohistochemistryy can be a valuable method for assessing p53 accumulation in neoplasms 
(12).. The DOl mAb used in this study is one of the most reliable antibodies used in the detection 
off p53 by immunostaining (13). However, results obtained by immunohistology alone must be 
interpretedd with caution, especially when less sensitive methods are used. A recent study showed 
thatt when conventional immunohistologic techniques are used to detect p53 in rheumatoid ST, 
thee results may be negative, even when p53 can be demonstrated in the same tissues by Western 
blott analysis (6). Therefore, we used amplification of the signal by peroxidase-catalyzed 
depositionn of biotinylated tyramine. which increases sensitivity up to 200-fold without 
significantlyy increasing background staining (14). Since Western blot analysis is still the gold 
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standardd for the demonstration of p53 expression (6), we confirmed the immunohistologic data 
byy this method. D07 mAb was used because, similar to the DOl mAb, it lacks cross-reactivity 
withh other proteins in Western blot analysis (13). For Western blot analysis of rheumatoid ST, 
resultss obtained with DOl and D07 were similar (data not shown). 
Patientss with inflammatory OA or ReA served as disease controls in this study. OA is a 
degenerativee disease of articular cartilage, in which synovial inflammation is considered a 
consequencee of tissue damage. 
ReA,, on the other hand, is an immune-mediated synovitis. ReA patients with relatively 
longstandingg disease were selected for this study to minimize bias as a result of differences in 
diseasee duration between RA and ReA patients. The low expression of p53 in diffuse leukocyte 
infiltratess from ReA and OA patients compared with RA patients indicates that p53 
overexpressionn is relatively specific to RA. This cannot be explained merely by differences in 
leukocytee infiltration, since differences in cellularity are inherently corrected using this scoring 
system.. More important, this was confirmed by Western blot analysis normalized to protein 
content. . 
Overexpressionn of p53 was found not only in the synovial sublining from patients with 
longstandingg RA, but also in patients whose disease was in the earliest phases and in clinically 
uninvolvedd knee joints. This could be explained by the fact that asymptomatic synovial 
inflammationn precedes the clinical manifestations of RA and that there is already chronically 
inflamedd ST in so-called early RA (9,10,15,16). Infiltration by inflammatory cells and 
expressionn of adhesion molecules and cytokines are, on average, similar when ST from patients 
withh early RA is compared with that from patients with longstanding RA. The results from this 
studyy also indicate that the difference in p53 expression in ST from RA patients compared with 
STT from patients with other forms of arthritis cannot be explained by differences in disease 
duration. . 
Thee p53 protein was detected in rheumatoid ST in the intimal lining layer, the diffuse leukocytic 
infiltrate,, and the lymphocyte aggregates, and on endothelial cells. A previous study was more 
focusedd on the intimal lining layer and on FLS, which were also studied in culture, although 
immunoreactivee p53 was also present in the sublining mononuclear cells (2). Nevertheless, the 
extentt of synovial sublining staining appeared to be greater in the current study. This might well 
bee explained by differences in patient selection. The first study evaluated only patients with 
erosivee RA who required surgery for joint replacement, whereas in the present study, none of the 
patientss required joint surgery. They were selected on the basis of active inflammation of a knee 
joint,, and even the patients with longstanding disease had less joint destruction than the patients 
inn the first study. It is possible that destructive RA necessitating joint replacement is associated 
withh FLS proliferation and abnormal p53 function (17), whereas infiltration by inflammatory 
cellss in the sublining, which can also express p53, is associated with clinical signs of active 
inflammationn (10). The distribution of p53 expression described herein is essentially similar to 
thee findings in ST from RA patients who underwent therapeutic synovectomy (6). 
Mutationss of p53 have been detected in ST and FLS from RA patients with destructive arthritis, 
butt not in ST from OA patients (18.19). These mutations can cause overexpression of the 
protein,, since they prolong its half-life, which is very short for wild-type p53 (5). Mutations in 
thee p53 gene are probably secondary to locally produced nitric oxide and oxygen radicals in 
chronicallyy inflamed rheumatoid ST (18,20). Increased production of nitric oxide in inflamed 
synoviumm has been well documented (21), and the levels of thioredoxin, which is a marker of 
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oxidativee stress, are significantly higher in synovial fluid from RA patients compared with that 
fromm ReA and OA patients (22). Since oxidative damage may induce p53 mutations, this could 
bee one explanation for the difference in p53 levels in ST from RA patients compared with 
controls. . 
Whetherr p53 mutations occur in rheumatoid ST in cells other than FLS remains to be 
determined.. In addition to the presence of p53 mutations, the local environment in chronically 
inflamedd ST could also contribute to increased expression of p53, since this might induce DNA 
damagee with subsequent accumulation of p53 protein (5). The presence of small amounts of p53 
proteinn in diffuse leukocyte infiltrates in ST from ReA and OA patients, but not in control 
patientss with meniscus pathology or vascular insufficiency, supports this notion. Similarly, the 
p533 protein has been demonstrated in areas with chronic inflammation in human atherosclerotic 
plaquess in several cell types, including macrophages and endothelial ceils (23), and ultraviolet 
radiationn increases p53 expression in the skin (24). The relative contributions of increased 
productionn of wildtype p53 protein in response to DNA damage and p53 mutations in causing 
overexpressionn of the protein in RA ST (25) remain to be elucidated. 
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ABSTRACT T 

Objective.Objective. Analysis of serial synovial biopsy specimens is increasingly used as an outcome 
measuree for the evaluation of therapeutic interventions. However, observations in placebo treated 
groupss are scarce. We describe the immunohistologic features of the synovium in placebo treated 
RAA patients and in those who received interleukin 10 (1L-10). 
Methods.Methods. Ten patients with active RA received dosages of either placebo (n=7) or 5 ug/kg (n= 1) 
orr 10 |jg/kg (n=2) of recombinant human IL-10 (rhuIL-10; SCH 52000, Schering-Plough, 
Kenilworth,, NJ, USA) daily for 28 consecutive days. Synovial biopsy specimens from the knee 
jointjoint were obtained by needle arthroscopy before and 4 weeks after initiation of treatment. 
Immunohistochemistryy was performed using monoclonal antibodies specific for the following 
surfacee markers and cytokines: CD3, CD4, CD8, CD38, CD68, CD55, IL-lp, IL-6, and tumor 
necrosiss factor-a. 
Results.Results. No patient exhibited clinical improvement after treatment with placebo or any rhIL-10 
dosage.. Microscopic analysis of synovial tissue revealed no significant change in the scores for 
infiltrationn by inflammatory cells or in the scores for the expression of cytokines after treatment. 
Conclusion.Conclusion. Studies of serial synovial biopsies from patients treated with placebo or IL-10 
revealedd no changes in immunohistologic scores. This suggests that the biopsy procedure itself 
hass no effect on the features of the synovium. 

INTRODUCTIO N N 

Rheumatoidd arthritis (RA) is a chronic inflammatory disease primarily affecting the synovium. 
Rheumatoidd synovial tissue is characterized by marked intimal lining hyperplasia and by 
accumulationn of T-cells, plasma cells, macrophages, and other inflammatory cells in the synovial 
subliningg '. There has been increased interest in studies on rheumatoid synovium because of the 
availabilityy of new methods to obtain synovial biopsy specimens and the development of 
efficientt methods for tissue analysis. Since standardization of the methodology and quality control 
systemss are mandatory, several studies have addressed questions concerning the optimal 
techniquee to obtain synovial biopsy specimens \ sampling error "' , and the systems to examine the 

5,6 6 

sectionss . 
Examinationn of serial synovial biopsies has not only been used for pathogenetic studies, but it 
hass also been proposed as a method to describe the effects of antirheumatic treatment . Changes 
off the features of synovial tissue after treatment with gold i!"11, methotrexate l 2 J \ intraarticular 
steroidss 14~16, tenidap '7, Campath-1H l8, anti-CD4 monoclonal antibodies ig, anti-tumor necrosis 
factor-aa (TNF-a) antibodies 2Ü, and interleukin-1 (IL-1) receptor antagonist 21 have been 
reported. . 
Relativelyy little is known about the immunohistologic features in serial synovial biopsy 
specimenss from patients with RA who receive placebo or other treatment that does not result in 
clinicall improvement. This information is essential, since it is conceivable that placebo effects, 
regressionn to the mean, or a beneficial effect of the biopsy procedure itself" lead to decreased 
scoress for inflammation in the second biopsy sample. 
Wee describe the scores for infiltration by inflammatory cells and for expression of cytokines in 
seriall biopsies from patients with RA who did not exhibit clinical improvement. Seven patients 
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weree included who received placebo and 3 patients who were treated with recombinant human 
interleukin-100 (rhuIL-10). 

MATERIAL SS AND METHOD S 

Patients s 
Tenn patients with active RA and arthritis of a knee joint were investigated. Eight patients 
participatedd in a larger randomized, placebo controlled, double blind, multicenter study on the 
effectt of subcutaneous treatment with rhuIL-10 (SCH 52000, Schering-Plough, Kenilworth, NJ, 
USA)) 2\ In this study, 80 patients received either placebo or 5, 10, or 20 |ig/kg rhuIL-10 daily 
forr 28 consecutive days. Synovial biopsy specimens were available from 5 patients who received 
placebo,, 2 patients treated with 5 ug/kg of rhuIL-10, and one patient treated with 10 fig/kg of 
rhuIL-10.. In addition, serial biopsy specimens were available from 2 patients who participated in 
aa randomized double blind, placebo controlled study on the effects of intravenous treatment with 
nondepletingg anti-CD4 monoclonal antibody. This study was prematurely discontinued at a time 
whenn only 2 patients, who received placebo, were investigated. All patients fulfilled the 
Americann College of Rheumatology criteria for RA "4 and had active arthritis, defined as: 6 or 
moree tender joints, 6 or more swollen joints, and either morning stiffness of > 45 min or an 
erythrocytee sedimentation rate (ESR) of > 28 mm/hr. The patients were allowed to continue 
nonsteroidall antiinflammatory drugs (NSAID) or dosages of prednisone <10 mg at a stable dose. 
Diseasee modifying antirheumatic drugs (DMARD) were discontinued with a washout period of 
onee month before starting this study. All patients gave informed consent, and the study protocol 
wass approved by the Medical Ethics Committee of Leiden University Medical Center. Clinical 
assessment,, performed by one observer, included tender joint count {28 joints), swollen joint 
countt (28 joints), physician's global assessment, and patient's global assessment (0-10 cm visual 
analogg scale). Laboratory analysis included the ESR and serum levels of rheumatoid factor (RF). 
Patientss were considered to have responded to treatment if they fulfilled the Paulus response 
criteria,, defined as at least 20 % improvement in the continuous variables and at least 2 grades of 
improvementt or improvement from grade 2 to 1 in the disease severity assessments (Paulus 
20%)25. . 

Synoviall  tissue 
AA small bore arthroscopy (2.7 mm arthroscope, Storz, Tuttlingen, Germany) was performed 
underr local anesthesia. Biopsies of synovial tissue were obtained from the entire joint using a 2 
mmm grasping forceps (Storz) at 2 time points: before treatment and 4 weeks after the first day of 
treatment.. On each occasion, an average of at least 20 biopsy samples were obtained. The tissue 
wass collected in phosphate buffered saline (PBS) and snap frozen en bloc in Tissue-Tek OCT 
(Miless Inc. Diagnostic Division, Elkhart, IN, USA) by immersion in methylbutane (-70°C). 
Frozenn blocks were stored in liquid nitrogen until sectioned for staining. Five micrometer 
sectionss were cut in a cryostat and mounted on glass slides (Star Frost adhesive slides, 
Knittelglaser,, Germany); slides were stored at -70°C until immunohistochemical analysis could 
bee performed. 
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II  mm u no histochemistry 
Seriall sections were stained with the following mouse monoclonal antibodies (Mab): anti-CD3 
(Bectonn and Dickinson, San Jose, CA, USA), anti-CD4 (Becton and Dickinson), anti-CD8 
(Dako,, Glostrup, Denmark), anti-CD38 (Becton and Dickinson), anti-CD68 (EBM11, DAKO), 
andd anti-CD55 2b. Staining was also done with rabbit polyclonal antibodies for detection of the 
followingg cytokines: TNF-a (IP-300. Genzyme, Cambridge, MA, USA), IL-1[3 (LP-712, 
Genzyme),, and interleukin-6 (IL-6) (Department of Nephrology, Leiden University Medical 
Center). . 
Stainingg for cell markers and cytokines was performed, as described '"' '~'. Following a primary 
stepp of incubation with Mab, bound antibody was detected according to a 3 step 
immunoperoxidasee method. Affinity purified and horseradish peroxidase (HRP) conjugated goat 
anti-mousee antibody was obtained from DAtCO, affinity purified HRP conjugated swine anti-
goatt Ig from Tago (Burlingame, CA, USA), and amino ethylcarbazole (AEC) from Sigma (St. 
Louis,, MO, USA). Alkaline phosphatase conjugated swine anti-rabbit antibodies (DAKO), 
naphtol-AS-MX-phosphatee (N-AS-MX-P), Fast Red Violet LB (FRVLB) and levamisole 
(Sigma)) were used for the detection of the rabbit polyclonal antibodies. 

Microscopicc analysis 
Alll sections were coded and randomly analyzed. After immunohistochemical staining, sections 
weree scored semiquantitatively by 2 independent observers, who were unaware of the clinical 
data.. CD68 expression was scored separately in the intimal lining layer and the synovial 
sublining.. CD3, CD4, CD8, CD38, CD55, CD68 (lining layer), and CD68 (synovial sublining) 
weree scored on a 5 point scale, as described 6 iy27. Cells expressing TNF-a, IL-ip, or IL-6 in the 
intimall lining and sublining were scored in a similar way. For evaluation of CD38+ plasma cells, 
onlyy strongly positive cells with plasma cell morphology were taken into account, since CD38 
mayy be present in low density on subsets of natural killer (NK) cells, T cells, B cells, and 
macrophages.. Similarly, for the evaluation of CD4+ cells only strongly positive cells with 
lymphocytee morphology were included, since CD4 may be expressed by macrophages. 
Individuall readings were identical or differed by only one point. Minor differences between the 
observerss were resolved by mutual agreement. In addition, quantitative analysis of CD3+ and 
CD68++ cells in the synovial sublining layer was performed by a blinded single observer, as 
describedd h. Briefly, all sections were examined under 312.5 x magnification using a 1 mm 
graticule.. The number of positively stained cells were each recorded in every high power field. 
Subliningg cell counts were expressed as the mean count. 

Statisticall  analysis 
Thee Wilcoxon signed ranks test for matched pairs was used to compare data before and after 
treatment.. Correlations between semiquantitative and quantitative score techniques were 
determinedd using the Spearman correlation coefficient (r). 
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RESULTS S 

Clinicall  and demographic features 
Thee study group consisted of 6 men and 4 women. The mean age was 60  10 (  standard 
deviation,, SD) years (range 40 to 74) and the mean duration of disease was 128  77 months (12 
too 248). Nine patients were RF positive and all patients had erosive disease. The variables of 
diseasee activity measured before and 4 weeks after treatment are shown in Table 1. The 10 
patientss exhibited on average no significant change in swollen joint count, tender joint count, 
patient'ss global assessment, and ESR values after placebo or IL-10 treatment. No patient treated 
withh placebo, 5 fig/kg rhuIL-10, or 10 fig/kg rhuIL-10 fulfilled the Paulus 20% response criteria 
44 weeks after the initiation of treatment 

Swollenn joints (28) 

Tenderr joints (28) 

Patientt glob 

ESR R 

Before e 
After r 

Before e 
After r 

Before e 
After r 

Before e 
After r 

Placebo o 

n=7 7 

266 (6-43) 
222 (5-32) 

22(6-43) ) 
211 (5-33) 

3(1-4) ) 
33 (2-4) 

67(25-128) ) 
59(33-124) ) 

rHulL-10 0 

n=3 3 

15(8-21) ) 
12(3-18) ) 

16(6-22) ) 
15(3-23) ) 

33 (3-3) 
33 (2-3) 

711 (63-79) 
455 (33-66) 

TableTable 1. Disease activity assessments before and 4 weeks after therapy with placebo or rHulL-10. No patient 

fulfilledfulfilled the Paulus 20% response criteria 4 weeks after the initiation of treatment. The data represent: mean 

(range). (range). 

Immunohistochemistry y 
Inn both the IL-10 treated patients and the patients who received placebo, the semiquantitative 
scoress for infiltration by inflammatory cells and the scores for expression of macrophage derived 
cytokiness in synovial tissue were on average similar when the values before treatment were 
comparedd with those after treatment (Table 2). No statistically significant differences between 
thee semiquantitative scores before and after treatment were detected when the patients were 
analyzedd as one group of 10 patients. In addition, the quantitative counts after treatment with 
rhuIL-100 or placebo were similar to those before treatment. The mean count for CD3 before 
treatmentt was 39  32 (1 -95), and after treatment 50  54 (11 -173) (P > 0.1). The mean count for 
CD688 before treatment was 127  129 (5-409), and after treatment 130  82 (46-241). 
Comparisonn of the semiquantitative scores with quantitative counts revealed a strong and highly 
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significantt correlation between the 2 methods (for CD3: r = 0.77, P < 0.0001; for CD68: r = 0.85, 
P<< 0.0001). 

Placeboo rHuIL-10 

n=77 ii=3 

CD33 (lymphocyte aggregate) 

CD33 (diffuse leukocyte infiltrate) 

CD4 4 

CD8 8 

CD38 8 

CD688 (intimat lining) 

CD688 (synovial subtining) 

CD55 5 

TNFa a 

IL- l p p 

IL-6 6 

Before e 
After r 

Before e 
Afterr ; 

Before e 
After r 

Before e 
After r 

Before e 
After r 

Before e 
After r 

Before e 
Afterr ; 

Before e 
After r 

Before e 
Afterr ] 

Before e 
Afterr 1 

Before e 
Afterr 1 

1.22 + 0.5(1-2 
.44  0.8 (0-2 

1.77  1.0 (1-4 
2.11 1 (1-2 

.11 2 

.33  0.8 (0-2 

.6  1.4(0-3 
,4  1,4(0-3 

,4  1.4(0-4 
.7++ 1.1 (0-3 

.88 4 (1-2 

.44 9 (1-3 

.88 3 
3 3 

.11 2 

.11 2 

.99 9 (1-3 

.99 + 0.9(1-3 

.33 1 (0-3] 

.44 8 (1-3 

.77 0 (1-3 

.11 3 

0.33 6 (0-1) 
0.33 6 (0-1) 

1.00 + 0.0 
1.00  0.0 

0.77 + 0.6(0-1) 
0.33 + 0.6(0-1) 

) ) 
1.00 + 0.0 

0.77 ) 
0.77 6 (0-1) 

0.77 6 (0-1) 
1.33 6 (1-2) 

) ) 
1.77 + 0.6(1-2) 

1.33 ) 
1.00 + 0.0 

1.77 + 0.6(0-1) 
1.00 0 

0.77 + 0.6(0-1) 
1.00 0 

0.77 + 0.6(0-1) 
1.33  1.5(0-3) 

TableTable 2. Semiquantitative scores for the expression o/CD3+ T-cells, CD4+ cells. CDH+ cells, CD3S+ plasma cells, 

CD68+CD68+ macrophages, CD55+ fibroblast-like synoviocytes, and for the expression of T.\'F-a, IL-lfi,  and JL-6 in 

synovialsynovial tissue before and after therapy with placebo orrHuJL-10. Data represent: mean  (range) 

DISCUSSION N 

Ourr results show that persistent disease activity is associated with unchanged synovial 
inflammationn in serial biopsy specimens. The semiquantitative scores for infiltration by subsets 
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off T-cells, plasma cells, macrophages, and fibroblast-like synoviocytes, as well as the scores for 
expressionn of TNF-a, IL-lp, and IL-6 in synovial tissues obtained after treatment were on 
averagee similar to those in synovial tissue obtained before the initiation of treatment. The 
findingss for T-cells and macrophages were confirmed by quantitative analysis. 
Animall models of arthritis provide evidence for an immunoregulatory role of rIL-10 in the 
treatmentt of arthritis. IL-IO administration was shown to suppress established collagen induced 
arthritiss in mice 28'29. In vitro studies show a decrease in the levels of TNF-a and IL-1J3 in RA 
synoviall membrane cultures and synovial fluid mononuclear cells after addition of exogenous 
rIL-100 30~32. Furthermore, cartilage degradation induced by antigen stimulated mononuclear cells 
couldd be blocked by the presence of IL-IO 33. These in vitro studies strongly suggest therapeutic 
potentialss for exogenous rhIL-10 in RA. The patients in our study treated with IL-10 were 
participatingg in the first multicenter trial investigating the safety and pharmacodynamics of 
multiplee dose subcutaneous rhIL-10 23. The clinical efficacy of this therapy is at present under 
investigation. . 
Wee used arthroscopic sampling of synovial tissues instead of blind needle biopsy, since it is always 
possiblee to obtain tissue in adequate amounts by arthroscopy. This is a major advantage in the 
evaluationn of the effects of therapies, when serial biopsies are used. Effective therapies result in 
decreasedd swelling of synovial tissue, which reduces the yield of blind needle biopsy. For other 
indications,, both methods may be equally effective, since most measures of inflammation in needle 
biopsiess are similar to those selected at arthroscopy " 
Semiquantitativee analysis was used, since this is a sensitive and reproducible method to assess 
differencess between patient groups and to evaluate the effects of therapeutic interventions .In 
accordancee with the results presented here, a recent cross sectional study showed a highly 
significantt correlation between semiquantitative and quantitative analysis 6. In that study, 
quantitativee analysis showed reduced cell numbers, while semiquantitative scores were 
unchanged,, in some patients exhibiting a decrease in serum levels of C-reactive protein and 
globall subjective scores. Whether a possible higher sensitivity to change of the quantitative 
methodd is an advantage remains to be determined. To date there are no examples of studies 
showingg a significant beneficial effect of treatment without a concomitant decrease in 
semiquantitativee scores for synovial inflammation. To exclude a false negative result, the 
absencee of immunohistologic changes was confirmed in this study by quantitative analysis. In 
studiess on the effects of treatment with biologies on the features of the synovium, only 3 placebo 
treatedd patients could be studied 19,2°. In accord with our results, the pathological changes in the 
synoviumm were unaltered in serial synovial biopsy samples from these patients, who did not 
exhibitt clinical improvement. The results are also in accord with a report describing unchanged 
infiltrationn by T-cells and B-cells in serial biopsy specimens from patients with RA who did not 
improvee during conventional antirheumatic treatment . 
Thee observation that the scores for macrophages in the synovial sublining and the scores for the 
expressionn of TNF-a and IL-6 were unchanged after treatment in patients with persistent disease 
activityy is of particular interest in light of the reported association between semiquantitative 
scoress for macrophages and macrophage derived cytokines and scores for disease 
activity1'12'19'20,34.. The scores for these markers in serial synovial tissue biopsy specimens may 
providee useful surrogate endpoints for clinical studies on therapeutic interventions. This may 
offerr a rapid screening method requiring relatively low numbers of patients to predict the effects 
off novel antirheumatic drugs. 
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Thee immunohistologic features in serial synovial biopsy samples are unchanged in patients with 
RAA with persistent disease activity, whereas previous studies have shown decreased synovial 
inflammationn after effective therapy. Systematic examination of synovial tissue provides 
endpointss that may be used to predict a possible beneficial clinical effect of treatment. 
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ABSTRACT T 

Objective.Objective. Interferon-^ (IFNp) treatment is emerging as a potentially effective form of therapy in 
variouss immune-mediated conditions. This study evaluated the effects of IFNp therapy on the cell 
infiltrate,, cytokine profile, and expression of metalloproteinase 1 (MMP-1) in synovial tissue 
fromm patients with rheumatoid arthritis (RA). To further assess the mechanism of action, in vitro 
experimentss were conducted to determine the effects of IFNp on the production of MMP-1, 
MMP-3.. tissue inhibitor of metalloproteinases 1 (TIMP-1), and prostaglandin E2 (PGE2) by human 
fibroblast-likefibroblast-like synoviocytes (FLS). 
Methods.Methods. Eleven patients were treated for 12 weeks with purified natural fibroblast IFNp (Frone, 
Ares-Serono,, Geneva, Switzerland) subcutaneously 3 times weekly with the following dosages: 6 
millionn IU (n=4), 12 million IU (n=3), and 18 million IU (n=4). Synovial biopsy specimens were 
obtainedd by needle arthroscopy at 3 time-points: directly before and at 1 month and 3 months 
afterr initiation of treatment. Immunohistologic analysis was performed using monoclonal 
antibodiess specific for the following phenotypic markers and mediators of joint inflammation 
andd destruction: CD3, CD38, CD68, CD55, tumor necrosis factor a (TNFa), interleukin-1 fi (IL-
lp),, IL-6, MMP-1, and TIMP-1. In addition, we measured the production of MMP-1, MMP-3, 
TIMP-1,, and PGE2 by RA FLS and dermal fibroblasts in the presence and absence of IFNp. 
Results.Results. A statistically significant reduction in the mean immunohistologic scores for CD3+ T 
cellss and expression of MMP-1, and TIMP-1 at 1 month, CD38+ plasma cells and expression of 
IL-66 at 3 months, and expression of IL-ip at both 1 and 3 months was observed in synovial 
tissuee after IFNp treatment. The scores for CD68+ macrophages and TNFa expression also 
tendedd to decrease, but the differences did not reach statistical significance. The in vitro 
experimentss revealed inhibition of MMP-1, MMP-3, and PGE2 production by RA FLS, whereas 
TIMP-11 production was only slightly decreased. These effects were more consistent in RA FLS 
thann in dermal fibroblasts. 

Conclusion.Conclusion. The changes in synovial tissue after IFNp treatment and the in vitro data support the 
vieww that IFNp therapy has immunomodulating effects on rheumatoid synovium and might help 
too diminish both joint inflammation and destruction. Larger weII-controlled studies are warranted 
too show the efficacy of IFNP treatment for RA. 

INTRODUCTIO N N 

Interferon-pp (IFNp) treatment is emerging as a potentially effective form of therapy in various 
immune-mediatedd conditions. IFNP therapy might also be an alternative approach for the 
treatmentt of rheumatoid arthritis (RA) patients. This type I interferon could inhibit tumor 
necrosiss factor (TNFa) and interleukin-ip (IL-lp) secretion, and enhance IL-10 and IL-1 
receptorr antagonist production (for review, see refs.1 and 2). Conceivably, concurrent targeting 
off TNFa, IL-ip, and other proinflammatory cytokines by use of counterregulatory cytokines, 
suchh as IFNp, could be more effective in suppressing joint destruction than inhibition of TNFa 
alonee (3). Other possible immunomodulatory effects of IFNp treatment include enhancement of 
TT cell cytotoxicity, regulation of antibody production, inhibition of T cell proliferation and 
migration,, enhancement of IL-2 production by Thl cells, inhibition of IFN-y production by 
activatedd peripheral blood mononuclear cells (PBMC), up-regulation of transforming growth 
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factorr pi (TGFP-1) and TGFp receptor type II expression on PBMC, down-regulation of class II 
majorr histocompatibility complex (MHC) expression on monocytes, enhancement of class I 
MHCC expression on virus-infected cells and tumor cells, activation of natural killer cells, down-
regulationn of several adhesion molecules, and enhancement of soluble adhesion molecules in 
serumm (1,2,4). 
IFNpp treatment of patients with relapsing remitting multiple sclerosis reduces the rate of 
exacerbationn and decreases the number and frequency of lesions on magnetic resonance images. 
Recentt studies showed that IFNp therapy also ameliorates collagen-induced arthritis (CIA) in 
rodentss and primates. Constitutive expression of IFNP by gene therapy resulted in reduced paw 
swelling,, improvement in histologic features, decreased serum levels of anticollagen antibodies, 
andd suppression of cytokine production in DBA/1 mice with CIA (5). A study in rhesus monkeys 
withh CIA revealed remarkable clinical improvement and decreased serum levels of C-reactive 
proteinn after systemic treatment with recombinant IFNpia (1). A pilot study in 12 RA patients 
showedd statistically significant improvement after 3 months of treatment (1). 
Thee aim of the present study was to evaluate the effects of IFNp therapy on the cell infiltrate, 
cytokinee profile, and the expression of metalloproteinase 1 (MMP-1) and tissue inhibitor of 
metalloproteinase-11 (TIMP-1) in the synovial tissue from RA patients who were treated with 
IFNp.. To further assess the mechanism of action, in vitro experiments were conducted in the 
presencee and absence of IFNp, determining its effect on the production of MMP-1, MMP-3, 
TIMP-1,, and prostaglandin E2 (PGE2) by RA fibroblast-like synoviocytes (FLS) and dermal 
fibroblasts. fibroblasts. 

PATIENT SS AND METHOD S 

Patients s 
Elevenn patients who participated in a pilot study of the effects of IFNp in RA (1) were evaluated. 
Alll patients fulfilled the American College of Rheumatology (ACR; formerly the American 
Rheumatismm Association) criteria for RA (6) and had active RA, defined as: > 6 tender joints, > 
66 swollen joints, and at least 1 of the following 2 criteria: duration of morning stiffness > 45 min, 
orr an erythrocyte sedimentation rate > than 28 mm/hr. Nine patients were taking disease-
modifyingg antirheumatic drugs, the dosage of which has been stable for at least 3 months prior to 
studyy entry and during the study. All patients gave informed consent, and the study protocol was 
approvedd by the Medical Ethics Committee of the Leiden University Medical Center. 
Thee patients were treated for 12 weeks with purified natural fibroblast IFN-P (Frone, Ares-
Serono,, Geneva, Switzerland), which was injected subcutaneously 3 times weekly as follows: 
patientt 1-4 received 6 million IU, patients 5-7 received 12 million IU, and patients 8-11 received 
188 million IU. Clinical assessment, performed by 1 observer (PPT), included tender joint count 
(688 joints), swollen joint count (66 joints), patient's global assessment of pain (on a 0-10-cm 
visuall analogue scale (VAS)), patient's global assessment (on a 0-10-cm VAS), and physician's 
globall assessment (on a 0-10-cm VAS). Laboratory analysis included serum levels of C-reactive 
protein.. Patients were considered to have responded to treatment if they fulfilled at least 20 % 
improvementt in the tender joint count and the swollen joint count and 20 % improvement in at 
leastt 3 of the remaining clinical and laboratory assessments as described above (7). 
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Synoviall  tissue 
Small-boree arthroscopy (2.7-mm arthroscopy Storz. Tuttlingen, Germany) was performed under 
locall anesthesia. Biopsies of synovial tissue were obtained from the entire joint using a 2-mm 
graspingg forceps (Storz) at 3 time points: before, 1 month after, and 3 months after treatment. On 
eachh occasion, an average of at least 20 biopsy samples was obtained. Biopsy specimens were 
nott available from patient 11 at 3 month after initiation of treatment. The tissue was collected 
andd snap-frozen en bloc in Tissue-Tek OCT (Miles, Elkhart, IN) by immersion in methhylbutane 
(-70°C).. Frozen blocs were stored in liquid nitrogen until sectioned for staining. Five-micrometer 
sectionss were cut in a cryostat and mounted on glass slides (Star Frost adhesive slides, 
Knittelglaser,, Germany); slides were stored at -70°C until immunohistochemical analysis could 
bee performed. 

II  mm u no histochemistry 
Seriall sections were stained with the following mouse monoclonal antibodies (Mab): anti-CD3 
(Bectonn Dickinson, San Jose, CA) to detect T cells, anti-CD38 (Becton Dickinson) to detect 
plasmaa cells, anti-CD68 (EBM11, DAKO, Glostrup, Denmark) to detect macrophages, Mab 67, 
whichh recognizes CD55 on FLS, anti-MMP-1 (36665.111, R&D Systems Europe, Abingdon, 
UK),, and anti-TIMP-1 (7-6C1, Oncogene Research Products, Cambridge, MA). Staining was 
alsoo done with the following rabbit polyclonal antibodies: anti-TNFa (IP-300, Genzyme, 
Cambridge,, MA), anti-IL-lp (LP-712, Genzyme), and anti-IL-6 (Dept, of Nephrology, Leiden 
Universityy Medical Center, Leiden, The Netherlands). For control sections, the primary 
antibodiess were omitted or irrelevant antibodies were applied. 
Stainingg for cell markers was performed, as described previously (8). Following a primary step 
off incubation with Mab, bound antibody was detected according to a 3-step immunoperoxidase 
method.. Staining for MMP-1 and TIMP-1 was performed using biotinylated tyramine for 
amplification.. Horseradish peroxidase activity was detected using hydrogen peroxide as substrate 
andd amino ethylcarbazole as dye. Alkaline phosphatase-conjugated swine anti-rabbit antibodies 
(DAKO),, naphtol-AS-MX-phosphate, Fast Red Violet LB and levamisole (Sigma, St. Louis, 
MO)) were used to detect of the rabbit polyclonal antibodies, as described previously (8). 

Microscopicc analysis 
Alll sections were coded and randomly analyzed. After immunohistochemical staining, sections 
weree scored semiquantitatively on a 5-point scale by 2 independent observers (TJMS and JV), 
whoo wrere unaware of the clinical data, as described previously (8,9). CD68 expression was 
scoredd separately in the intimal lining layer and the synovial sublining. Minor differences 
betweenn the observers were resolved by mutual agreement. 

Inn vitr o experiments on fibroblast-lik e synoviocytes and dermal fibroblasts 
FLSS from RA patients and dermal fibroblasts were prepared as described previously (10). 
Synoviall biopsy specimens were obtained from patients other than those described in the clinical 
study.. The experiments wrere performed on 2 separate preparations of both FLS and dermal 
fibroblasts.. Cells at passage 3 were seeded at 20,000 cells/well and incubated for 48 h in DMEM 
withh 10% fetal calf serum followed by another 48 hours in the presence or absence of 125 pg/ml 
off IL-lp together writh various concentrations of IFNp\ Thereafter medium was removed and 
storedd at -20°C, as previously described (10). Medium was analyzed for levels of MMP-1 
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(Bindazymee pro-MMP-1 enzyme immunoassay kit. The Binding Site, Birmingham, UK), MMP-
33 (Bindazyme pro-MMP-3 enzyme immunoassay kit. The Binding Site), TIMP-1 (TIMP-1 
humann ELISA system, Biotrak, Amersham International, Little Chalfont, UK), and PGE2 (10). 

Statisticall analysis 
Thee Wilcoxon signed ranks test for matched pairs was used to compare data before and after 
treatment.. Bonferroni corrections for multiple comparisons were not applied in this exploratory 
study. . 

RESULTS S 

Clinicall  and demographic features 
Thee clinical study group consisted of 6 women and 5 men. The mean (  SD) age was 49  15 
yearss (range 27 to 68 years), and the mean duration of disease was 50  38 months (range 2 to 
1111 months). Erosions were present in 8 of the 11 patients and 9 patients were seropositive for 
IgMM rheumatoid factor. The study patients exhibited on average significant improvement in the 
tenderr joint count, swollen joint count, patient's assessment of pain, patient's global assessment, 
andd physician's global assessment after 3 months of IFNp therapy (all P < 0.05), as described 
previouslyy (1). Patients 1 and 4 fulfilled the ACR criteria for 20% improvement (20% ACR 
response)) at 1 month after initiation of IFNp administration and patients 1,4, 6, and 7 had a 20% 
ACRR response at 3 months after initiation of IFNp. 

Findingss of immunohistochemistry 
Thee negative control sections were all negative. The tissue from patient 9 at month 1 could not 
bee evaluated. In all cases where data were missing because the tissue sections did not fulfill our 
qualityy control criteria to allow reliable evaluation, the patients were not significantly different 
fromm other patients participating in the study. The mean scores for cell markers, cytokines, 
MMP-1,, and TIMP-1 are shown in Table 1. In the patients treated with 6 million IU, 12 million 
IU,, and 18 million IU of IFNp, nonparametric analysis revealed a significant decrease in the 
meann scores for infiltration by CD3 + T cells (from 2.3  1.1 to 1.6  0.8; P = 0.03), and for 
expressionn of MMP-1 (from 2.6  1.0 to 1.6  0.8; P=0.02) and TIMP-1 (from 2.6  1.2 to 1.8
1.3;; P=0.03) at month 1, but not at month 3 (Figure 1). There was also a significant decrease in 
thee scores for IL-ip at month 1 {from 2.6  1.1 to 1.6 ; P - 0.02) and at month 3 (from 2.6
1.11 to 1.9  1.0; P = 0.03). The scores for infiltration by CD38 +plasma cells (from 2.1  1.0 to 
1.55  1.2; P = 0.04) and expression of IL-6 (from 1.9 8 to 1.1 ; P - 0.04) were reduced 
att month 3. Changes in the synovial features were also observed in synovial tissue from patients 
whoo had a modest clinical response, but who did not fulfill the 20% ACR criteria. The changes 
inn scores 1 month after initiation of IFNp treatment seemed to be more pronounced than the 
changess in scores at month 3 after initiation of IFNp treatment. The scores for CD68+ 
macrophagess in the synovial sublining and TNFa expression also tended to decrease, but these 
differencess did not reach statistical significance. There was no clear relationship between the 
effectss on the synovium and the dosage of IFNP (data not shown); patients were treated with 
presumablyy therapeutic dosages in all groups. 
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tl l 

Beforee therapy 

11 1 

Afterr  1 month 

off  therapy 

10 0 

Afterr  3 months 

off  therapy 

10 0 

CD3 3 

CD38 8 

CD688 (lining) 

CD688 (sublining) 

CD55 5 

IL-1 P P 

TNF-a a 

1L-6 6 

MMP- 1 1 

TIMP- 1 1 

2.33 + 1.1 

2.11 0 

1.77 9 

2.66 3 

1.11 5 

2.66 1 

2.66 + 1.1 

1.99 + 0.8 

2.66 0 

2.66 2 

1.66  0.8 + 

1.44  0.9 J 

1.22  0.4 : 

2.3+1.2 2 

1.00  0.8 

1.66  0.8 + 

2.00  0.7 

1.4  1.2 

1.66  0.8 + 

1.88  1.3 * 

1.9++ 1.4 

1.55  1.2 + 

1.77 7 

2.22 0 

1.22 6 

1.99  1.0 f 

1.99  0.9 

1.11 * 

2.2++ 1.4 

2.33  1.3 

TableTable I. Mean semiquantitative scores for the expression of CD3+ T-cells. CD38+ plasma cells, CD6S+ 

macrophages.macrophages. CD55+ fihrohiast-like synoviocytes, and for the expression oflL-lp. TNFa. 1L-6. MMP-l. and 

TIMP-1TIMP-1 in synovial tissue before, after one month, and and after 3 months of I'FN'f3 therapy. Values ore the mean

'' P< 0.05 versusprefherapy. versusprefherapy.'' Only 9patients were evaitiable. 

Findingss of in vitr o experiments on FLS and dermal fibroblasts 
Inn vitro experiments revealed that IFNp inhibits the production of MMP-1 and MMP-3 by RA 
FLSS both in the presence and in the absence of IL-l[3 (Table 2). TIMP-1 production was only 
slightlyy decreased by IFN0 in the presence of IL-lp. PGE2 production was diminished by 
IFNpp in the presence and in the absence of IL-ip. 
Inn contrast, there was no clear effect of IFNp on MMP-1, MMP-3, and TIMP-1 production by 
dermall fibroblasts. However, PGE? production was inhibited, showing that the cells responded to 
IL-ipp and IFNp. The results were similar for the 2 separate populations of FLS and dermal 
fibroblastss that were investigated. 
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DISCUSSION N 

Thee results presented in this study demonstrate changes in the synovium during IFNP therapy of 
RAA patients. A statistically significant reduction in the mean immunohistologic scores for 
infiltrationn by CD3+ T-cells and CD38+ plasma cells, as well as reduced scores for the 
expressionn of IL-lp\ IL-6, MMP-1, and TIMP-1, was observed in synovial biopsy specimens 
fromm RA patients after IFNp therapy. There was also a tendency towards lower scores for 
infiltrationn by CD68+ macrophages and TNFa expression after therapy. In vitro experiments 
revealedd that IFNP can decrease the production of MMP-1, MMP-3, and PGE2 FLS from RA 
patients. . 

Cellss IFN-P MMP-1 MMP- 3 TIMP- 1 PGEj 

U/mll (Mg-'ml) ((i&'ml) <ng/ml) (ng/ml) 

IL-ipp IL-ip IL-ip IL-lp IL-lp IL-lp IL-1P IL-ip 
++ - + - + + 

Ü Ü 

ICr r 

104 4 

10h h 

10* * 

2.077 2 

0.955  0.05 

0.511 6 

0.433  0.02 

0.500  0.07 

2.7544 5 

1.455 +0.22 

1.000 7 

1.033  0.09 

0.833 9 

0.555 + 0.03 

0.244  0.05 

0.133 3 

0.111 1 

0.144 2 

2.122 8 

0.888  0.05 

0.699  0.06 

0.355  0.09 

0.666 3 

1.233 2 

0.955  0.09 

1.099 6 

1.266  0.1! 

1.199 8 

2.255 7 

1.499 0 

1.077  0.33 

1.455 7 

1.41+0,17 7 

366 4 

300  I 

111 2 

7  1 

111 5 

3299  30 

1488 7 

1144 5 

688 + 8 

999 4 

0 0 

102 2 

104 4 

10h h 

10" " 

0.233  0.02 

0.322 + 0.02 

0.444 3 

0.522  0.08 

1.!! 3  0.04 

1.55 0 

2.066 + 0.26 

1.655 3 

1.800 5 

2.22 5 

0.900  0.27 

1.055 1 

1.155 6 

1.055 0 

2.077  0.44 

2.611 7 

3.933  0.69 

3.322  0.10 

2.688  0.20 

2.755 + 0.35 

1.200 5 

0.955  0.09 

0.933 7 

1.11+0.13 3 

1.600 3 

2.7422  0.20 

3.355 4 

2.744  0.20 

3.055  0.54 

3.733  0.52 

188  3 

10++ 1 

122 3 

10  1 

200  3 

5033  68 

3377 + 9 

3433  43 

2966  21 

2466  14 

TableTable 2. Effects oflFNB on the production of MMP-1, MMP-3. TIMP-1 and PGE: by rheumatoid FLS and dermal 

fibroblastsfibroblasts in the presence and absence of IL-1B (125 pg/ml). Values are the mean  SEMofi experiments. Similar 

resultsresults were obtained in a separate experiment using different preparations of FLS and dermal fibroblasts. 

Semiquantitativee analysis is a reliable and cheap method that allows evaluation of the entire 
synoviall tissue sections in a time-efficient manner. Highly significant correlations can be found 
withh manual counting and digital image analysis (9). The changes described in the present study 
aree substantial in light of the conservative microscopic scoring system that we used (9). 
Althoughh it seems unlikely that the features of synovial inflammation are susceptible to placebo 
effects,, this cannot be completely excluded until placebo-controlled studies become available. 
Thiss is the first study to describe changes in the cell infiltrate and cytokine expression in 
synoviall tissue from RA patients following IFNp treatment. Our findings confirm and extend the 
observationss in the joints of mice with CIA after IFNp gene therapy (5). The reduction in the 
numberr of T-cells could be explained by an effect on T-cell trafficking secondary to 
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downregulationn of adhesion molecules by IFN'P (II) . Inhibition of T-cell proliferation (12) may 
alsoo play a role. The reduction in the number of plasma cells in RA synovial tissue suggests that 
IFN'PP could also affect humoral immune responses. This notion is supported by previous studies, 
showingg that IFN-p1 inhibits T-ccll-dependent immunoglobulin secretion in vitro (13) and the 
anticoll lagen antibody response in mice with CIA in vivo (5). 

0,5 5 

0 0 

-0,5 5 

-1 1 

-1,5 5 

FigureFigure 1. Mean  changes in the semiquantitative scores for infiltration by CD3 I T cells. CD38+ plasma 

cells.cells. CD6H+ macrophages. CD55+fibroblast-like synoviocytes and for the expression oflL-l/3. TNFa, IL-6. 

MMP-I.MMP-I. and TIMP-l in synovial biopsies at I month ( | ) and at 3 months ( §j ) after initiation of 'IFN'[i  therapy. 

*=P<0.05. *=P<0.05. 

Thee clinical improvement after IFNp therapy (1) was associated with a reduction in the cell 
infiltrate,, as well as with diminished expression of IL-ip and MMP-I. which are believed to play 
aa major role in joint destruction. Since TIMP-l expression is also reduced after treatment, it is at 
presentt unclear whether changes in the balance between MMPs and TIMPs after IFNp therapy 
occurr and whether they would alter the course of joint destruction. However, our in vitro data 
showingg that IFNp has a marked inhibitory effect on MMP-1. MMP-3. and PGE2 production, 
ratherr than on TIMP-l production, by RA FLS provide an additional argument for a possible role 
off IFNP in preventing joint destruction. 

Thee data from this study suggest that some of the changes in the synovial tissue could be 
transient.. Similarly, a recent study in patients with multiple sclerosis showed a significant 
decreasee in the number of circulating T-cells expressing HLA-DR antigens and CD25 after 2 
monthss of treatment, followed by a return to pretreatment levels after 3 - 1 2 months (14). This 
mightt be caused by down-regulation of IFNp receptors or the development of neutralizing 
antibodiess to IFNp during treatment (15). The return to pretreatment values was. however, not 
associatedd with reduced clinical efficacy. It is at present unclear whether the clinical effects in 
RAA patients will continue during prolonged IFNp therapy. 

Takenn together, the changes in synovial biopsy specimens from RA patients treated with IFNp 
andd the in vitro effects on FLS support the view that IFNp therapy has immunomodulating 
effectss on rheumatoid synovium and might have a beneficial effect on both joint inflammation 
andd erosive disease. The results warrant larger well-controlled studies. 
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SUMMARY Y 

Thiss thesis describes different aspects of synovial tissue (ST) analysis and can be divided into 
threee different sections. In the first section, methodological aspects of sampling and analysis 
techniquess of ST from patients with arthritis are discussed. The second section is focussed on 
pathogeneticc studies of rheumatoid arthritis (RA) using immunohistochemical techniques. The 
thirdd section highlights the evaluation of innovative therapies with biologicals for treatment of 
RA,, using ST analysis. 
Inn Chapter  1, a general introduction is provided about the actual knowledge of the etiology and 
pathogenesiss of RA. Furthermore, a description of the cellular architecture of RA ST is 
presented,, focussing on the pathogenetic role and function of the different cell types in RA. 
Moreover,, different ST analysis methods are summarized and an overview of several 
immunohistochemicall studies on pathophysiological processes, including regulation of adhesion 
molecules,, chemokines, cytokines, angiogenesis, and apoptosis in RA synovium is presented. 
Finally,, ST responses to recently developed therapies in RA are discussed in association with 
clinicall outcome. 

Sectionn 1 
Chapterr  2 describes the cross-sectional comparison of two different microscopic analysis 
techniques,, which were performed to determine the number of CD68 positive macrophages, both 
inn the intimal lining layer and in the synovial sublining, and CD3+ T-cells in ST samples from 
patientss with RA who were treated with methotrexate, IL-10, or placebo. The intensity of 
macrophagee and T-cell infiltration was studied by quantitative and semiquantitative techniques 
andd we investigated the sensitivity to change after treatment. 
Wee observed strong correlations between the two scoring methods for both the lining layer 
CD688 scores and the sublining CD68 scores, as well as for CD3 scores. 
Wee found that semiquantitative analysis of CD68 + cells lacked sensitivity to detect small, but 
possiblee biologically relevant changes in cellular infiltration in some patients demonstrating a 
clinicall response to treatment. From this study, it is concluded that quantitative analysis appears 
too be a more sensitive technique for the analysis of ST responses to therapeutic interventions in 
RA. . 

Inn Chapter  3 we investigated the cellular architecture and the expression of mediators of joint 
destructionn in paired ST biopsy specimens, selected at arthroscopy from the pannus-cartilage 
junctionn (CPJ) and the suprapatellar pouch in RA patients with active arthritis who did not 
requiree joint surgery. Evaluation was performed by semiquantitative analysis and computer-
assistedd image analysis. There was active inflammation, reflected by the influx of primarily T-
cells,, macrophages, plasma cells, and expression of MMPs. Both analysis techniques revealed 
thatt the features of ST at the CPJ were generally similar to those in the suprapatellar pouch. We 
suggestt that the pathological changes at the CPJ, as described in previous studies in RA patients 
withh end-stage destructive disease, may well reflect the transition to a process were 
macrophages,, fibroblasts, and other cell types become increasingly important. 
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Chapterr  4 describes the cellular infiltrate and the expression of pro-inflammatory cytokines, 
angiogenicc factors, and MMPs in ST from patients with active RA, selected at arthroscopy, 
comparedd with ST from end-stage, destructive RA obtained during joint replacement. 
Thee numbers of macrophages and T-cells and the expression of pro-inflammatory cytokines, 
MMPss and angiogenic factors were on average higher in arthroscopic samples compared to 
sampless obtained at surgery. No clear difference was found in infiltration by plasma cells and 
fibroblast-likee synoviocytes (FLS). There tended to be higher expression of IL-ip, a pro
inflammatoryy cytokine playing a key role in cartilage and bone destruction in ST of patients with 
destructivee RA requiring joint replacement. The data in this study show that the features of ST 
aree dependent on patient selection and emphasize the importance of selection for the 
interpretationn of studies on rheumatoid ST. 

Sectionn 2 
Chapterr  5 is focussed on the features of ST from patients in different phases of RA and ReA. 
Sincee ReA is characterized by a usually self-limiting arthritis, comparison of RA ST with ReA 
STT could provide insight into mechanisms responsible for the chronic and destructive course of 
RA.. The scores for infiltration by lymphocytes, plasma cells, and the inflammation scores were 
higherr for patients with RA than for patients with ReA. Immunohistochemical analysis revealed 
significantt higher scores for CD38+ plasma cells and granzyme B+ cells for patients with RA 
thann for patients with ReA. The scores for Mab67+ FLS were also higher for patients with RA 
thann for ReA. In addition, there was higher expression of IFNy in ST from patients with RA than 
inn ReA. The scores for IL-2, IL-4, and IL-10 did not differ between the two groups. Of interest, 
thee results were not dependent on disease duration. The increased number of lymphocytes, 
plasmaa cells, and granzyme B+ cells in rheumatoid ST supports the paradigm that RA is the 
resultt of specific immune recognition in the joint and that granzyme B+ cells play an important 
rolee in joint destruction. 

Chapterr  6 highlights the state of activation and proliferation of ST T-cells in different stages of 
RAA to find out whether T-cell driven immune responses vary during the course of the disease. 
Thee numbers of T-cells and IFNy positive cells in ST and control tonsil tissue were detected by 
immunohistocemicall techniques. Co-expression of T-cells with CD25 (IL-2R), IFNy, or the 
proliferationn associated antigen Ki67 was determined by immunofluorescene. 
Thee mean percentage of Ki67, CD25, and IFNy positive T-cells in patients with RA were lower 
comparedd with those in tonsils. No differences were observed for the number of T-cells 
expressingg CD25, IFNy or Ki67 between early and longstanding RA, which does not support the 
assumptionn that the responsiveness of T-cells in RA ST differ between early and late stages of 
thee disease. The "hyporesponsive state" of T-cells in early RA implies that there is no rationale 
forr studying T-cell mediated therapies preferably in early RA based on the hypothesis that 
downregulationn of T-cell function should be more effective during earlier stages of the disease. 

Chapterr  7 describes the expression of the p53 tumor suppressor gene in ST from patients with 
RAA in varying disease phases, ReA, OA, and non-immune mediated joint disease. 
Thee scores for p53 expression were significantly higher in RA patients than in ReA and OA 
patients.. This was not dependent on disease duration. p53 expression could already be observed 
inn clinically uninvolved knee joints. No staining for p53 was observed in ST from patients with 
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ChapterChapter 10 

non-immunee mediated joint disease. The immunohistologic observations were confirmed by 
Westernn blot analysis. We assume that the increased expression of p53 specifically in RA is 
probablyy secondary to increased production of wild-type p53 protein in response to DNA 
damagee and somatic mutations caused by the genotoxic local environment in inflamed ST. 

Sectionn 3 
Relativelyy little is known about the immunohistologic features in serial biopsy specimens from 
RAA patients who receive placebo or other treatment that does not result in clinical improvement. 
Chapterr  8 describes the immunohistologic features of ST in RA patients who were treated with 
placeboo or IL-10, but did not show clinical improvement. This information is essential since 
placeboo effects, regression to the mean, or a beneficial effect of the biopsy procedure itself could 
leadd to decreased scores for inflammation in the second biopsy sample. Microscopic analysis 
revealedd no significant change in the scores for infiltration by inflammatory cells or in the scores 
forr the expression of adhesion molecules and cytokines after treatment with placebo or IL-10. 
Sincee semiquantitative scores for macrophages and macrophage-derived cytokines are associated 
withh local disease activity, the scores for these markers in serial ST biopsy specimens may 
providee useful surrogate endpoints for clinical studies on therapeutic interventions. 

IFNpp treatment is emerging as a potentially effective form of therapy in various immune-
mediatedd conditions. In Chapter  9 the effects of IFNp therapy on the cell infiltrate, cytokine 
profile,, and expression of MMPs in ST from patients with RA was investigated with 
immunohistochemicall techniques. In addition, in vitro experiments were performed to determine 
thee effects of IFNp on the production of MMP-1, MMP-3, TIMP-1, and prostaglandin E2(PGE2) 
byy human FLS, 
AA reduction of T-cells, plasma cells and expression of MMP-1, TIMP-1, IL-6, and IL-lp was 
observedd at different time-points after IFNp treatment. There was also a tendency towards 
decreasedd infiltration by C68+ macrophages and TNF-oc expression after therapy. The in vitro 
experimentss revealed inhibition of MMP-1, MMP-3, and PGE2 production by RA FLS, whereas 
TIMP-11 production was not clearly affected. We conclude that IFNp therapy has 
immunomodulatingg effects on rheumatoid synovium and might help to diminish both joint 
inflammationn and destruction. This study provides the rationale for a randomized, double-blind, 
controlledd study to determine whether the effect of IFNP therapy could be clinically relevant. 

CONCLUSIONSS AND PERSPECTIVES 

Thee evaluation of therapies using synovial tissue analysis may become a routine application in 
futuree clinical multi-center trials in RA, therefore standardized methods for sampling and 
preservationn of biopsy specimens, immunohistochemical staining and analysis techniques are 
mandatory.. A matter of debate concerning biopsy sampling is the site inside the knee joint where 
biopsiess should be taken from. In this thesis it is demonstrated that there are on average no 
differencess in cellularity and expression of mediators of joint destruction between different sites 
inn the knee joint. The contradiction with previous studies, where variations in the cellular 
compositionn were described, may be explained by differences in patient selection. In the study 
describedd in chapter 3, only biopsies from active RA patients were selected. Most of the older 
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Summarx'Summarx' and Discussion 

studiess included ST from end-stage, destructive RA obtained at surgery. In chapter 4, we 
demonstratedd differences in inflammatory cellularity between active and end-stage destructive 
RA.. Both studies clearly show that patient selection may influence the interpretation of ST 
analysis. . 
Theree are currently three methods to quantify synovial inflammation: the manual counting 
method,, the semiquantitative score technique, and digital image analysis. In this thesis we 
comparedd the manual counting method with the semiquantitative score technique. The most 
sensitivee methods may be manual counting and digital image analysis. Whether the higher 
sensitivityy to change has biological relevancy needs to be confirmed in future studies. 
Placeboo effects, regression to the mean or a beneficial effect of the biopsy procedure itself might 
influencee the inflammation scores in biopsy samples obtained at arthroscopy. This thesis clearly 
showss that the biopsy technique itself does not influence the inflammatory features of the ST. 
Thiss information is essential, especially when serial biopsies are studied to evaluate anti
rheumaticc therapies. 
Pathogeneticc studies in RA may contribute to the development of new therapeutic strategies. For 
example,, insights into the activation and proliferation state of ST T-cells, as described in this 
thesis,, have confuted the hypothesis that T-cell mediated therapies may more effective during 
earlierr stages of the disease. The application of immunohistochemical techniques for analysis of 
thee synovial architecture is increasingly accepted as a useful and sensitive method to provide 
insightss into pathogenetic mechanisms as well as in the evaluation of novel antirheumatic 
treatments. . 
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SAMENVATTING G 

Reumatoïdee artritis is een ernstige, chronische ontstekingsziekte waarbij vooral de gewrichten 
zijnn aangedaan. Circa 1% van de bevolking lijdt aan reumatoïde artritis; vrouwen vaker dan 
mannen.. Reumatoïde artritis wordt gekenmerkt door een ontsteking in de binnenbekleding van 
hett gewrichtskapsel, het synovium. In de normale situatie bestaat deze binnenbekleding uit een 
dunn laagje cellen. Bij reumatoïde artritis neemt het aantal cellen sterk toe, voornamelijk met 
ontstekingscellen.. Deze cellen bestaan uit lymfocyten (T- en B- lymfocyten), macrofagen, 
synovialee fibroblasten, plasmacellen, mestcellen, dendritische cellen, natural killer cellen en 
granulocytess Met behulp van specifieke antistoffen (monoclonale antilichamen) kunnen in het 
synoviumm de afzonderlijke celtypes aangetoond worden. Deze techniek wordt 
"immunohistochemischee analyse" genoemd en speelt een centrale rol in dit proefschrift. De 
ontstekingscetlenn zorgen, door het maken en uitscheiden van verschillende "boodschapper" 
eiwittenn (cytokinen), voor een verdere toename van de ontsteking. Ook worden er enzymen 
(matrixx metalloproteinases) gemaakt die schadelijk zijn voor bot en kraakbeen, hetgeen vaak 
leidtt tot vergroeiingen van de gewrichten en daarmee gepaard gaande invaliditeit. De oorzaak 
vann reumatoïde artritis is nog niet opgehelderd. Waarschijnlijk zijn meerdere factoren 
(waaronderr genetische-, hormonale- en omgevingsfactoren) verantwoordelijk voor het krijgen 
vann reumatoïde artritis. Ook is duidelijk dat het afweer (immuun) systeem een belangrijke rol 
speeltt bij het ontstaan van de ziekte. 
Hett verkrijgen van inzicht in de samenstelling van het celinfiltraat in het ontstoken synovium 
mett behulp van microscopisch onderzoek, is een belangrijk doel van dit proefschrift. Omdat de 
matee van ontsteking in het synovium van een patiënt met reumatoïde artritis nogal varieert, is het 
belangrijkk te weten waar in het gewricht biopten genomen dienen te worden om zo een 
betrouwbaarr beeld te krijgen van de algemene ontstekingsactiviteit. Ook is het belangrijk te 
wetenn welke microscopische onderzoeksmethoden het meest geschikt zijn voor een juiste 
interpretatie.. In het eerste deel van dit proefschrift wordt een aantal studies beschreven die op 
dezee onderwerpen betrekking hebben. In het tweede deel beschrijven wij een aantal studies 
waarbijj we de immunohistochemische techniek toepassen op synoviumbiopten, om zo meer 
inzichtt te krijgen in het ontstaan en beloop van reumatoïde artritis. In het laatste deel bestuderen 
wijj de effecten van nieuwe anti-reuma therapieën op de celsamenstelling en de aanwezigheid van 
"boodschapper"" eiwitten en enzymen in het ontstoken synovium. 
HoofdstukHoofdstuk I is een algemene introductie van dit proefschrift. Hierin worden de huidige inzichten 
overr de oorzaken van het ontstaan van reumatoïde artritis beschreven. Tevens worden de 
verschillendee celtypes, die in het ontstoken synovium voorkomen, beschreven. Hierbij ligt de 
nadrukk op functie en de rol die de celtypes afzonderlijk spelen in het ziekteproces. Vervolgens 
wordtt een overzicht gegeven van verschillende methoden voor de analyse van het ontstoken 
synoviumm en worden studies beschreven waar men met behulp van immunohistochemische 
techniekenn verschillende fysiologische processen in het ontstoken synovium bestudeert. Ten 
slottee worden er studies beschreven waarbij het effect van verschillende nieuwe therapieën op de 
samenstellingg van het celinfiltraat in het synovium bij patiënten met reumatoïde artritis werd 
onderzocht. . 
Inn Hoofdstuk 2 beschrijven wij een onderzoek naar de vergelijking van twee verschillende 
microscopischee analysetechnieken. In deze studie worden in het synovium van patiënten met 
reumatoïdee artritis twee verschillende type ontstekingscellen (macrofagen en T- lymfocyten) 
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gekwantificeerd.. Dit gebeurt door enerzijds het aantal cellen te tellen (kwantitatief), anderzijds 
doorr een globale (semi-kwantitatieve) score (score 0 tot 4) van het aantal cellen aan te geven. 
Tevenss hebben we van beide analysetechnieken de gevoeligheid beoordeeld met betrekking tot 
veranderingenn in het weefsel die na behandeling verkregen werden. Uit de studie blijkt dat er een 
goedee correlatie bestaat tussen beide technieken voor de bestudeerde celtypen. Wel blijkt, zoals 
verwacht,, dat de kwantitatieve analyse techniek gevoeliger is voor het detecteren van kleine 
veranderingenn in de hoeveelheid ontstekingscellen bij patiënten die na behandeling een klinische 
verbeteringg laten zien. 
Inn veel studies met synoviaal weefsel van patiënten met reumatoïde artritis is weefsel gebruikt 
datt tijdens een knievervangende operatie verkregen werd. Deze patiënten bevonden zich in een 
eindstadiumm van de ziekte, hetgeen geassocieerd is met kraakbeen- en botafbraak. Vaak werden 
err verschillen gevonden in de samenstelling van het synoviale infiltraat in het synovium wat 
dichtt tegen het kraakbeen aangroeit (cartilage-pannus junction) in vergelijking met het verder 
gelegenn synovium (suprapatellar pouch). In Hoofdstuk 3 bestuderen we de samenstelling van de 
verschillendee ontstekingscellen en de enzymen die verantwoordelijk zijn voor kraakbeen- en 
botafbraakk in twee verschillende synoviale gebieden in het kniegewricht bij patiënten met 
actievee reumatoïde artritis waarbij het proces van kraakbeen- en botafbraak nog niet tot 
uitgebreidee destructie heeft geleid. Met behulp van een kijkoperatie (artroscopie) zijn biopten 
genomenn uit het gebied waar het synovium dicht tegen het kraakbeen aan groeit en biopten uit 
eenn gebied wat verder is gelegen van het kraakbeen. Met behulp van de semi-kwantitatieve score 
methodee en digitale beeldanalyse technieken werden de biopten geanalyseerd. Er werden geen 
verschillenn gevonden in de samenstelling van het synoviale infiltraat en de enzymen, die 
verantwoordelijkk zijn voor de kraakbeen- en botafbraak, in het synovium uit de twee 
onderzochtee gebieden. Op basis van deze bevindingen concluderen we dat de veranderingen in 
dee samenstelling van het synoviale ontstekingsinfïltraat, zoals is beschreven in eerdere studies, 
eenn reflectie kunnen zijn van het ziektestadium waarin de biopten zijn genomen. 
Omm dit verder te onderzoeken hebben we een studie gedaan naar de verschillen in het synoviale 
celinfiltraatt en de aanwezigheid van cytokines en kraakbeen- en botafbraak geassocieerde 
enzymenn in synoviaal weefsel wat verkregen is tijdens een knievervangende operatie 
(eindstadiumm reumatoïde artritis) en weefsel dat verkregen is tijdens een kijkoperatie (actieve 
ontstekingsfase).. De resultaten van deze studie staan beschreven in Hoofdstuk 4. Wc vonden 
gemiddeldd meer ontstekingscellen, cytokinen en enzymen in het synovium verkregen tijdens de 
actievee fase van de ziekte, terwijl een cytokine dat een rol speelt bij kraakbeen- en botafbraak 
(interleukine-ip)) verhoogd tot expressie kwam in het synovium van patiënten met een 
eindstadiumm van reumatoïde artritis. Deze studie toont aan dat de kenmerken van het synoviale 
ontstekingsinfïltraatt verband houden met het ziektestadium. De wijze van selecteren van 
patiëntenn blijkt dus belangrijk te zijn in studies van het synoviale weefsel. 

Inn Hoofdstuk 5 hebben we het synoviale infiltraat van patiënten met reumatoïde artritis en 
reactievee artritis in verschillende fasen van de ziekte bestudeerd. Het belangrijkste verschil 
tussenn deze twee verschillende ziektebeelden is in het algemeen de chroniciteit van de ziekte en 
hett vóórkomen van kraakbeen- en botafbraak. Reactieve artritis wordt veroorzaakt door een 
infectiee op afstand en de synoviale ontsteking dooft vaak vanzelf uit, waarbij meestal geen 
noemenswaardigee schade aan kraakbeen of bot waargenomen wordt. Reumatoïde artritis 
daarentegenn verloopt vaak chronisch en gaat gepaard met kraakbeen- en botafbraak. Door de 
bioptenn van deze verschillende ziekten met elkaar te vergelijken proberen we meer inzicht te 
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krijgenn in de mechanismen die verantwoordelijkheid zijn voor het chronische en destructieve 
beloopp van reumatoïde artritis. In het synovium van patiënten met reumatoïde artritis werden, in 
vergelijkingg met het synovium van patiënten met reactieve artritis, meer cellen gevonden die 
verantwoordelijkk zijn voor antilichaam productie (CD38 + plasma cellen) en er werden meer 
cellenn gevonden die granzyme-B produceren, een eiwit dat een rol kan spelen bij het ontstaan 
vann gewrichtschade. 
Inn Hoofdstuk 6 hebben we de rol van T- lymfocyten in het ziekteproces van reumatoïde artritis 
bestudeerd.. Er bestaat onduidelijkheid over die rol. In eerdere studies werd gevonden dat de T-
lymfocytenn in het synovium van patiënten met reumatoïde artritis na contact met een "vreemd' 
antigeenn slecht in staat zijn hierop te reageren. Zo produceren ze na een contact met een 
"vreemd"" antigeen nauwelijks cytokinen en kunnen de cellen zich veel moeilijker 
vermenigvuldigen.. Wij konden in patiëntenmateriaal bevestigen dat de T- lymfocyten in het 
synoviumm weinig cytokinen produceren. In een proefdiermode] van artritis zijn aanwijzigen 
gevondenn dat T- lymfocyten vooral in de vroege fase van de ziekte een belangrijke rol spelen. 
Opp basis van deze aanwijzingen lijken vooral therapieën die gericht zijn tegen T-lymfocyten, 
effectieff te zijn als deze tijdens de vroege fase van de ziekte gegeven worden. In onze studie 
hebbenn we gekeken naar de activatiestaat en de capaciteit tot celdeling van T- lymfocyten in het 
synoviumm van patiënten met reumatoïde artritis met een verschillende ziekteduur. Het blijkt dat 
err geen verschillen zijn in de expressie van activatie en celdeling markers in het synovium van 
patiëntenn met een vroege ziekte, vergeleken met het synovium van patiënten met een langere 
ziekteduur.. Op basis van deze bevindingen komen wij tot de conclusie dat de immunologische 
effectenn van T-cel gerichte therapieën waarschijnlijk niet afhankelijk zijn van de ziekteduur. 
Inn Hoofdstuk 7 hebben we de expressie van het p53 eiwit bestudeerd in het synovium van 
patiëntenn met reumatoïde artritis, reactieve artritis, osteoartritis en gewrichtsziekten die niet 
geassocieerdd zijn met het afweersysteem. Het p53 eiwit speelt een belangrijke rol in de 
reguleringg van de "geprogrammeerde celdood" (apoptose). In reumatoïde artritis blijkt het proces 
vann apoptose verstoord te zijn, mede door afwijkingen in het p53 eiwit. Dit heeft tot gevolg dat 
err in het synovium meer ontstekingscellen aangevoerd worden dan dat er, middels apoptose, 
doodd gaan. Hierdoor neemt de omvang van het ontstoken synovium steeds meer toe gedurende 
hett ziekteproces. In eerdere studies zijn de p53 afwijkingen voornamelijk in een vergevorderd 
stadiumm van de ziekte gevonden. Tot nu toe is er geen informatie bekend over de expressie van 
hett p53 eiwit in "vroege" reumatoïde artritis en andere onstekingsgemediëerde gewrichtsziekten. 
Inn deze studie vonden we dat het p53 eiwit specifiek verhoogd tot expressie kwam in het 
synoviumm van patiënten met reumatoïde artritis. Deze expressie blijkt niet afhankelijk te zijn van 
dee ziekteduur. Waarschijnlijk is de toename van p53 bij vroege reumatoïde artritis vooral te 
verklarenn door verhoogde expressie van het functionele p53 eiwit. Kennelijk is dit niet 
voldoendee om apoptose te induceren. 

Heell weinig is bekend over de veranderingen van het synoviale celinfiltraat in biopten van 
patiëntenn met reumatoïde artritis die placebo of andere medicijnen toegediend kregen waarbij 
geenn klinische verbetering bereikt werd. Deze informatie is belangrijk omdat een zogenaamd 
"placebo-effect"" en mogelijk ook de biopsieprocedure zelf kunnen leiden tot veranderingen in 
ontstekingskenmerkenn van het synovium. In Hoofdstuk 8 beschrijven we het celinfiltraat in het 
synoviumm van patiënten met reumatoïde artritis die behandeld zijn met interleukine-10 of 
placeboo en waarbij geen klinische verbetering bereikt werd. Er werden geen verschillen 
gevondenn in het celinfiltraat tussen de patiënten behandeld met placebo en interleukine-10. 
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Hieruitt concluderen we dat de biopsie procedure zelf geen veranderingen geeft in de 
ontstekingskenmerkenn van het synovium en een "placebo-effect" niet optreedt. Omdat bekend is 
datt de hoeveelheid macrofagen in het synovium en de expressie van cytokinen, die door 
macrofagenn worden geproduceerd, geassocieerd zijn met lokale ziekteactiviteit, lijken de scores 
vann deze markers bruikbare surrogaateindpunten te zijn in klinische studies. 
Interferon-PP is een eiwit dat gebruikt wordt voor de behandeling van multiple sclerosis. 
Interferon-PP lijkt het afweersysteem gunstig te kunnen beïnvloeden en het is denkbaar dat het 
ookk een gunstige invloed kan hebben op de ziekteactiviteit bij reumatoïde artritis. Dit wordt 
bevestigdd door de gunstige klinische bevindingen van een recente studie met interferon-p bij 
rhesuss apen met artritis. In Hoofdstuk 9 hebben we de effecten van interferon-P op het synoviale 
infiltraatt en de expressie van cytokinen en enzymen betrokken bij kraakbeen- en botafbraak 
bestudeerdd bij patiënten met reumatoïde artritis. Uit deze studie blijkt dat onder invloed van 
interferon-PP een aantal type ontstekingscellen, cytokinen en kraakbeen- en botafbraak-
geassocieerdee enzymen verminderd is. De afname van deze laatstgenoemde enzymen hebben we 
kunnenn bevestigen in celkweek experimenten. Op basis van deze bevindingen lijkt het erop dat 
interferon-PP veranderingen in de synoviale ontsteking kan bewerkstelligen bij patiënten met 
reumatoïdee artritis. Ook zou interferon-p een gunstig effect kunnen hebben op de ontwikkeling 
vann gewrichtsdestructie. 
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immunologie,, aan het Ir W. van den Broek instituut te Amsterdam. Na het behalen van het 
diplomaa in 1986 bleef hij werkzaam bij het AZVU en trad in 1988 in dienst als analist bij de 
afdelingg Klinische Viro-Immunologie van het Centraal Laboratorium van de 
Bloedtransfusiedienstt te Amsterdam. In 1989 vervolgde hij zijn loopbaan als analist, vervolgens 
alss hoofdanalist, bij het laboratorium van de afdeling Reumatologie van het Academisch 
Ziekenhuiss Leiden (hoofd: Prof. dr. F.C. Breedveld). In 1997 werd hier zijn promotieonderzoek 
aangevangen,, hetgeen een vervolg kreeg in het Academisch Medisch Centrum te Amsterdam, 
waarr hij vanaf september 1999 werkzaam is als stafmedewerker bij de onderafdeling Klinische 
Immunologie// Reumatologie (hoofd: Prof. dr. P.P. Tak). 
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FigureFigure I. CD3 positive T-cells localized at the cartilage-pannus 

junctionjunction in arthrOSCOpically derived rheumatoid synovial tissue. 

SingleSingle stain peroxidase technique; Mayer's hemaluin 

countcrstuined. countcrstuined. 
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FigureFigure 2. Cells positive lor (A) IFNf, tB) II.-2. (C) IL-4. and ID) IL-W in 

rheumatoidrheumatoid synovial tissue with intracellular staining. Single-stain peroxidase 

technique;technique; permeahi/ization with taponine; Mayer's hemaluin counterstained. 

OriginalOriginal magnification x 250. 



FigureFigure 3. IFN y + (A) cells and negative 

controlcontrol (B) in sequential slides of rheumatoid 

synovialsynovial tissue. (Single stain peroxidase 

technique:technique: Mayer's hemalutn counterstained: 

originaloriginal magnification x 250). 

FigureFigure 4. Double immunofluorescence staining 

showingshowing Ki6~ - tAi CD3 CD2 - iR) cells in a 

perivascularperivascular lymphocytic aggregate in rheumatoid 

synovialsynovial tissue. Original magnification x 250 'x 630. 
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FigureFigure 5. Immunohistochemical staining for p53 in synovial tissue from patients 

withwith rheumatoid arthritis (A), osteoarthritis (B), reactive arthritis (C), and meniscus pathology (D). 

TheThe monostaining peroxidase technique was used, with tyramine enhancement and 

counterstainingcounterstaining with Mayer's hemalum. (Original magnification x 250). 
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