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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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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-l p 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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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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