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ABSTRACT T 

Objectivee To create greater understanding of the changes in synovial tissue parameters that 
occurr in conjunction with clinical response by using an effective therapy, in order to facilitate 
thee planning of future studies with therapeutic agents for rheumatoid arthritis (RA). 
Methodss Twenty-one patients with active RA were randomized to receive either oral 
prednisolonee (n = 10) or placebo (n = 11) for 2 weeks. In all patients, synovial tissue biopsy 
specimenss were obtained by arthroscopy directly before treatment and after 14 days of 
treatment.. Immunohistoehemical analysis was performed to characterize the cell infiltrate and 
vascularity.. Stained tissue sections were analyzed by digital imaging. Statistical analysis was 
performedd using an analysis of covariance model. 
Resultss After treatment, the mean Disease Activity Score in 28 joints (DAS28) was 2.0 units 
lowerr {95(7c confidence interval [95c/c CI] 1.0-3.0) in patients who received prednisolone than 
inn those who received placebo. In the prednisolone group, the mean ) DAS28 decreased 
fromm 6.27  0.95 to 4.11  1.43 after therapy; minimal change was observed in the placebo 
group.. For macrophages, the estimated effect of prednisolone was large. Patients receiving 
activee treatment had fewer (mean 628 cells/mm2 [959c CI 328-927]) macrophages after 
therapyy compared with those receiving placebo. A reduction in the total number of CD68+ 
macrophages,, from 1.038  283 cells/mnr before treatment to 533  248 cells/mnr after 
treatment,, was observed in the prednisolone group. There were clear trends toward decreased 
infiltrationn by T cells, plasma cells, and fibroblast-!ike synoviocytes after active treatment. 
Wee observed a trend toward a reduction in avp3+ newly formed blood vessels and expression 
off  vascular growth factors after prednisolone therapy. 
Conclusionn Prednisolone therapy in RA is associated with a marked reduction in macrophage 
infiltrationn in synovial tissue, suggesting that synovial macrophage numbers could be used as 
aa biomarker for clinical efficacy. 

INTRODUCTIO N N 

Inn recent years, there has been increased interest in studying the synovial tissue of patients 
withh rheumatoid arthritis (RA). Reasons for this include the recognition of the synovium as 
thee primary site of inflammation and technical developments that made it possible to study the 
processess that take place in the synovial tissue in more detail. Although examination of 
peripherall  blood and synovial fluid may also provide insight into the production of soluble 
mediatorss as well as the dynamics of migration of inflammatory cells into different 
compartments,, it has become clear that such studies yield only indirect information about the 
eventss in the synovium (1). In addition to the use of synovial biopsies for diagnostic purposes 
(2;3)) and pathogenetic studies (4). serial synovial biopsy has been used to evaluate the effects 
off  novel treatments (5). 

Thee serial synovial biopsy approach has been proposed as a method that might help determine 
potentiall  effects of novel antirheumatic interventions. The increase in the development of a 
varietyy of new. targeted therapies clearly raises the need for sensitive biomarkers. which could 
bee used for selection purposes during the development process. In the past, successful 
treatmentt of RA with disease-modifying antirheumatic drugs (DMARDs) and biologies was 
associatedd with a decrease in mononuclear cell infiltration of the synovial tissue. Of interest, 
treatmentt with high-dose intravenous methylprednisolone was found to reduce the expression 
off  tumor necrosis factor-alpha (TNF-a) in the intimal lining layer and synovial sublining as 
soonn as 24 hours post treatment, with associated clinical improvement (6) 
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Itt is important to note that analysis of serial synovial samples obtained from RA patients who 
receivedd either placebo or in whom treatment with low-dose anakinra or interleukin-10 (ÏL-
10)) was unsuccessful did not reveal any changes in the synovial tissue (7:8). The observation 
thatt synovial inflammation can occasionally be reduced to some extent in the absence of 
clinicall  improvement (9). or with only a modest decrease in serum levels of acute-phase 
reactantss (10). suggests that examination of serial synovial biopsy specimens might be more 
sensitivee to change compared with clinical response criteria. These studies suggest that 
analysiss of serial biopsy specimens could he used as a screening method to test new 
compounds,, requiring relatively small numbers of subjects. The absence of changes in the 
synoviall  tissue after treatment would suggest that the therapy is probably not effective. 

Thee objective of this study was to provide a greater understanding of the changes that occur in 
thee synovial tissue in association with clinical response by using a known clinically effective 
therapy,, to find sensitive biomarkers that may facilitate the planning of future studies with 
novell  agents to treat RA. In addition, this study is the first to investigate the effects of 
treatmentt with oral corticosteroids, according to the Combinatietherapie Bij Reumatoïde 
Artriti ss (COBRA) schedule (11). on rheumatoid synovium. 

PATIENT SS AND METHOD S 

Patients, Patients, 
Patientss with RA diagnosed according to the 1987 criteria of the American College of 
Rheumatologyy (ACR; formerly, the American Rheumatism Association) (12), ages 18-85 
years,, were included in the study if they had Steinbrocker functional class I-II I  RA (13). All 
patientss had active disease at the time of enrollment, defined by the presence of > 6 tender 
jointss and > 6 swollen joints of 28 joints assessed. Additional inclusion requirements were an 
erythrocytee sedimentation rate (ESR) of at least 28 mm/hour or serum levels of C-reactive 
proteinn (CRP) of at least 1.5 mg/dl. or moming stiffness that lasted for at least 45 minutes. 
Patientss had to have received a stable dosage of DMARDs such as methotrexate. 
sulfasalazine,, hydroxychloroquine, leflunomide, or a combination of these for at least 28 
days.. Use of nonsteroidal anti-inflammatory drugs was allowed, provided that the dose had 
beenn stable for at least 28 days. 

Parenteral,, intra-articular, or oral use of corticosteroids within 28 days before enrollment in 
thee study was not allowed. Other exclusion criteria were acute major trauma within 28 days 
beforee entering the study, the use of any investigational drug (such as monoclonal antibodies 
[e.g.,, TNF inhibitors], growth factors, or cytokines) within the previous 3 months, and a 
historyy of glaucoma, psychosis, mania or severe depression, epilepsy, cerebrovascular 
disease,, tuberculosis, or cancer. Patients with uncontrolled high blood pressure (defined as 
systolicc pressure of > 160 mm Hg and diastolic pressure of >95 mm Hg). insulin-dependent or 
poorlyy controlled non-insulin-dependent diabetes, a history of confirmed peptic ulceration, or 
knownn adverse reactions to prednisolone or drugs with a chemical structure simitar to that of 
prednisolonee were excluded from the study. Additional exclusion criteria were clinically 
significantt abnormalities in laboratory assessments, hematologic disease, immunodeficiency. 
orr impaired coagulation. 

StudyStudy protocol. 
Thiss double-blind, placebo-controlled, single-center study was performed in the Academic 
Medicall  Center of the University of Amsterdam. The study protocol was approved by the 
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Medicall  Ethics Committee of the institute, and all patients provided informed consent before 
thee start of the study. For each patient, a complete medical history was obtained and a full 
physicall  examination, including joint assessment, was performed. Clinical chemistry, 
hematology,, and coagulation assessments, urinalysis, chest radiography, and skin testing for 
tuberculosiss were performed. Eligible patients were included in the study within 1 week and 
weree randomized to receive either a course of oral prednisolone. 60 mg daily for the first 
weekk followed by 40 mg daily during the second week (similar to the dosages used in the 
COBRAA study (11)). or matching placebo for 2 weeks. 
Clinicall  assessment included a 28-joint count for tenderness and swelling, the patient's score 
forr pain on a 100-mm visual analog scale (VAS; 0 = no pain. 100 - worst possible pain). 
patient'ss and physician's scores for global assessment of disease activity on a 100-mm VAS (0 
== very well/no arthritis activity. 100 = very poor/extremely active arthritis), and a 4-point 
Healthh Assessment Questionnaire (14) for quality of life (0 = no difficulty. 3 = severe 
disability).. Furthermore. CRP levels and ESRs were determined. An independent assessor 
performedd the clinical evaluation. 

Treatment. Treatment. 
Patientss were randomized in a 1:1 ratio to receive either a 2-week course of oral prednisolone 
{600 mg/day for the first week followed by 40 mg/day during the second week) or matching 
placebo. . 

BloodBlood cytokines, matrix metalloproteina.se 3 (MMP-3), and urinary markers of bone 
degradation. degradation. 
Cytokinee levels (IL-lp\ IL-la, IL-6. IL-8,1L-18, and TNF-a) were measured in serum by the 
Luminexx (Luminex. Austin, TX) or enzyme-linked immunosorbent (ELISA) method, and 
levelss of MMP-3 were measured in serum by ELISA. Changes in urinary markers of bone 
degradationn {pyridinoline, deoxypyridinoline, the creatinine-lo-pyridinoline ratio, and the 
creatinine-to-deoxypyridinolinee ratio) were assessed. Creatinine was measured by the Jaffe 
method,, a kinetic reaction. Pyridinoline and deoxypyridinoline levels were measured by 
enzymee immunoassays. 

Arthroscopy. Arthroscopy. 
Inn all patients, needle arthroscopy of an actively inflamed joint (knee, ankle, or wrist) was 
performedd with the patient under local anesthesia, before treatment and after 14 days of 
treatmentt (in the same joint). The procedures for needle arthroscopy and tissue processing 
weree performed as described previously in detail (15; 16). During each procedure, biopsy 
specimenss were obtained from > 6 sites in the joint to minimize sampling error (17; 18). 

ImmunohistochemicalImmunohistochemical analysis. 
Inn order to analyze the cell infiltrate, serial sections were stained with the following 
antibodies:: anti-CD68 (EMB11: Dako, Glostrup, Denmark), anti-CD163 (Ber-MAC3: Dako). 
anti-CDD 14 (clone M5E2; Becton Dickinson. Erembodegem, Belgium). anti-CD64 (clone 10-
1;; Dako), anti-CD32 (KB61; Dako), anti-CD5 (LI7F12; Becton Dickinson). anti-CD4 (SK3: 
Bectonn Dickinson). anti-CD8 (DK25: Dako). anti~CD22 (CLB-B-ly/1.6Bl I: Central 
Laboratoryy of the Netherlands Red Cross Blood Transfusion Service. Amsterdam, The 
Netherlands).. anti-CD38 (HB-7; Becton Dickinson). anti-CD138 (B-B4; Immunotech. 
Marseilles.. France). anti-CD3 (SK7: Becton Dickinson). anti-CD55 (clone 67: Immunotech), 
andd anti-granzyme B (GrB-7: Monosan. Uden, The Netherlands). 
Forr immunohistochemical analysis of cytokine expression. IL-i p (anti-IL-lp\ 2D8; 
Immunokontact,, Stockholm. Sweden). IL-l a (anti-IL-la. 1277-82-29: Immunokontact). and 
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TNF-aa (anti-TNF-a. 52B83; Monosan) were stained. Furthermore, several markers of 
angiogenesiss (19) were analyzed: av[33 (23C6; Santa Cruz Biotechnology. Santa Cruz, CA), 
vonn Willebrand's factor (F8/86; Dako). basic fibroblast growth factor (bFGF; clone 6: 
Transductionn Laboratories. Lexington, KY), and vascular endothelial growth factor (VEGF; 
C-1;; Santa Cruz Biotechnology). Additionally, the expression of chemokine receptor CCR1 
(53504.111:(53504.111: R&D Systems. Abingdon, UK), MMP-l (41-1E5; Oncogene Research Products, 
Cambridge,, MA), and MMP-13 was determined. 
Sectionss with non-assessable tissue, defined by the absence of an intimal lining layer, were 
nott analyzed. For control sections, the primary antibodies were omitted, or irrelevant 
antibodiess were applied. Staining for cellular markers was performed using a 3-step 
immunoperoxidasee method as previously described (9). For the determination of cytokine 
expression,, biolinylated tyramine was used for amplification, as previously described (20:21). 

DigitalDigital image analysis. 
Afterr immunohistoehemical staining, all coded sections were randomly analyzed by 
computer-assistedd image analysis. For all markers. 18 high-power fields were analyzed. CD68 
expressionn was analyzed separately in the intimal lining layer and the synovial sublining. The 
imagess of the high-power fields were analyzed using the QWin image analysis system (Leica. 
Cambridge,, UK), as described previously in detail (22;23). 

StatisticalStatistical analysis. 
Eachh of the end points was statistically analyzed using an analysis of covariance (ANCOVA) 
model.. The model included terms for treatment as a fixed effect and the baseline measurement 
ass a covariate. The aim was to assess the treatment difference. 

RESULTS S 

DemographicDemographic features. 
Twenty-onee patients (8 men. 13 women) were included in the trial within 18.4  21.9 days. 
Tenn patients received prednisolone, and 11 patients received placebo. The mean ages were 
49.44 years (range 32-63 years) for the patients in the prednisolone group and 55.7 years 
(rangee 37-69 years) for those in the placebo group (Table 1). The median durations of disease 
andd DMARD use were comparable in both groups. None of the patients had received TNF 
inhibitorss in the past. All patients had active disease, with similar levels of disease activity in 
bothh groups (Table 1). The ESRs and CRP values were comparable between the 2 groups, but 
thee median duration of morning stiffness was twice as long in the placebo group (60.0 
minutess versus 30.0 minutes in the prednisolone group). 
Thee study medication was well tolerated. Two adverse events were reported in the placebo 
group.. In 1 patient, a skin portal infection of the wrist developed after the first arthroscopic 
procedure,, leading to withdrawal of that patient from the study. In a second patient, portal 
inflammationn of the knee developed after the first arthroscopic procedure, but that patient 
completedd the study. One subject receiving prednisolone reported weight gain and bruising. 

ClinicalClinical response. 
Ass expected, there was a marked positive effect of prednisolone treatment on the Disease 
Activityy Score in 28 joints (DAS28) (24). After treatment, the mean DAS28 was 2.0 units 
lowerr (95% confidence interval [95% CI] 1.0-3.0) in patients who received prednisolone than 
inn those who received placebo (Figure 1). The mean ) DAS28 decreased from 6.27
0.955 before prednisolone therapy to 4.11  1.43 after therapy. 
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Tabicc 1. Characteristics oj the 21 study patients with active RA* 

Characteristic c 

Age,, years 

No.. men/no. women 

%%  currently receiving DMARDs 

%%  rheumatoid factor  positive 

No.. knee biopsy/no. wrist 
biopsy/no.. ankle biopsy 

ESR,, mm/hour 

CRP,, mg/liter 

DAS288 score 

Diseasee duration, median months 
(range) ) 

Mornin gg stiffness, median 
minutess (range) 

Patient'ss assessment of pain in 
biopsiedd joint , mm (0-100 mm 
VAS) ) 

Patient'ss assessment of pain, mm 
(0-100-mmVAS) ) 

Patient'ss global assessment of 
diseasee activity, mm (0-100-mm 
VAS) ) 

Physician'ss global assessment of 
diseasee activity, mm (0-100-mm 
VAS) ) 

Tenderr  joint count (0-28 scale) 

Swollenn joint count (0-28 scale) 

HAQQ score (0-3 scale) 

Prednisolonee Group 
(n=10) ) 

49.44 (32-63) 

5/5 5 

10 0 

70 0 

7/2/1 1 

29.88 (4-107) 

12.5(3-150) ) 

6.277 (4.59-7.98) 

17.0(2-134) ) 

30.00 (0-330) 

48.5(0-100) ) 

56.33 (0-96) 

69.22 (49-100) 

59.00 (37-76) 

12.99 (6-26) 

J2.66 (6-25) 

1.92(1.1-2.7) ) 

Placeboo Group 
(n=ll ) ) 

55.77 (37-69) 

4/7 7 

10 0 

55 5 

8/3/0 0 

27.44 (5-92) 

16.33 (3-97) 

5.988 (4.56-7.59) 

,, 22.0(3-168) 

60.00 (0-960)* 

II  47.3 (5-83)-

46.44 (16-78) 

55.0(15-100; ; 

45.22 (9-76) 

13.00 (5-23) 

10.7(3-17) ) 

1.92(1.2-3.0) ) 

**  Except where indicated otherwise, values are the mean t range). RA = rheumatoid arthritis: DMARDs = 
disease-modifyingdisease-modifying antirheumatic drugs; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein: 

DAS28DAS28 - Disease Activity Score in 28 joints; VAS = visual analog scale: HAQ = Health Assessment 
Questionnaire. Questionnaire. 

ftft 960minutes indicates "all-daymorning stiffness". 

Thiss effect was not observed in the placebo group, in which the mean ) DAS28 was 5.98 
 0.99 before treatment versus 5.68 1 after treatment. Alter 2 weeks of treatment, an 

ACR200 improvement response (25) was observed in 7 patients in the prednisolone group but 
inn none of the patients in the placebo group. The ESR and the CRP level, respectively, were 
69%% lower (95% CI 54-79%) and 70% lower (95% CI 48-92%) after prednisolone treatment 
thann after placebo treatment. For the HSR. the geometric mean declined from 29.81 mm/hour 
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(coefficientt of variation [CV] 123.89%) before prednisolone treatment to 10.29 mm/hour (CV 
118.67%)) after treatment. For the CRP level, the geometric mean declined from 12.53 
mg/literr (CV 181.35%) before prednisolone treatment to 4.34 mg/liter (CV 92.38%) after 
treatment. . 

Figuree 1. Effect <>J treatment with either prednisolone or placebo on the individual Disease Activity Score in 28 
jointsjoints (DAS28). A marked reduction was observed after 2 weeks of prednisolone treatment. 

2 2 
Prednisolonee Pre Prednisolone Posi Placebo Pre Placebo Post 

Serumm cytokine levels were generally too low to be detected, with the exception of IL-18. 

Meann levels of IL-18 decreased from 219.0  119.2 pg/ml before treatment to 179.7  80.1 
pg/mll  after treatment in the prednisolone group. In the placebo group, the mean level 

decreasedd from 181.9  121.5 pg/ml to 170.2  106.4 pg/ml. These data were not formally 
analyzed. . 

Thee level of serum MMP-3 was. on average. 1.8-fold higher following prednisolone therapy 

comparedd with placebo therapy: however, the 95% CI was wide (0.76-4.22). For urine 
markers,, there was a trend toward a reduction in urinary pyridinoline. deoxypyridinol ine. and 

markerss of bone degradation corrected for creatinine measurements; however the 95% CIs 

includedd the value for no effect, possibly due to the relatively small numbers of patients. 

ImmunohistochemicalImmunohistochemical findings. 
Synoviall  tissue from 19 of the 20 patients who completed the study could be analyzed before 
treatmentt and after 2 weeks of treatment. One synovial tissue sample did not contain an 
intimall  lining layer and was omitted from analysis. The results of this analysis are shown in 
Tablee 2. For macrophages, the estimated effect of prednisolone was large. Patients receiving 
prednisolonee had fewer (mean 628 cells/mm2 [95% CI 328-927]) macrophages after therapy 
comparedd with those receiving placebo. In the prednisolone group, the total number of 
CD68++ cells decreased from 1.038  283 cells/mm" before treatment to 533  248 cells/mm2 

afterr treatment, whereas in the placebo group there was an increase from 836  408 cells/mm2 

too 1.052  422 cells/mm". This effect of prednisolone was mainly attributable to a decrease in 
thee number of macrophages localized in the synovial sublining. A representative picture of 
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CD688 staining before and after treatment is shown in Figure 2A. Graphs showing the effect 
off  treatment on CD68+ sublining macrophages and total CD68+ macrophages are shown in 
Figuress 213 and C. respectively. 

Tablee 2. Results of immunohistochemical analysis of synovial tissue obtained from patients with rheumatoid 
arthritis.* arthritis.* 

Prednisolonee Placebo 

CD688 Total 

CD688 Lining 

CD688 Sublining 

GD32 2 

CD163 3 

CDI4 4 

CD64 4 

CD5 5 

CD22 2 

CD38 8 

CD138' ' 

CD3 3 

CD4 4 

CD8 8 

Granzymee B 

CD55 5 

CCRI I 

TNF F 

ILl- a a 

ILJ-p p 

MMP-1 1 

MMP-13 3 

av(53 3 

bFGF F 

VEGF F 

VWF+vessels s 

Before e 

1.038+283 3 

1444 5 

9500 5 

1,5599 1 

2033 (191) 

3811 (90) 

360(171) ) 

1,9377 (934) 

111 (372) 

377 (1,936) 

366 (240) 

2155 (167) 

212(231)) i 

48(143) ) 

1.6311 (208) 

1,0411 (64) 

10,2011 (244) 

177.050(56) ) 

124.739(135)' ' 

248.882(52) ) 

3611 (6.621) 

4211 (78) 

20,7288 (270) 

5.637(414) ) 

47,8955  25,060 

655 7 

After r 

5333  248 

955 6 

4633 7 

3 3 

96(160) ) 

2099 (68) 

138(101) ) 

1888 (783) 

6(159) ) 

18(1,669) ) 

37(131) ) 

148(96) ) 

488 (172) 

28(193) ) 

1,268(307) ) 

609(60) ) 

9.918(139) ) 

87.8555 (95) 

88,138(88) ) 

147,4288 (39) 

866 (322) 

3699 (68) ", 

7.966(179) ) 

 1.903(225) 

38,2644 1 

533 3 

Before e 

8366  408 

944 2 

7655 5 

1.3699 7 

157(510) ) 

2999 (378) 

243(248) ) 

1,909(784) ) 

55 (709) 

128(350) ) 

455 (438) 

2455 (125) 

.138(331) ) 

299 (82)* 

1,020(894) ) 

834(61) ) 

21.980(181) ) 

143,5300 (66) 

172,152(85) ) 

210.060(54) ) 

2677 (2.913) 

3222 (79) 

9,4433 (171) 

5,6799 (383) 

32,0000  24,867 

8 8 

After r 

1,0522 + 422 

0 0 

9633 3 

1,3711  657 

2911 (91) 

2411 (309) 

2255 (249) 

2.6688 (401) 

122 1752) 

1033 (460) 

388 (324) 

258(161) ) 

2214105) ) 

26(151) ) 

**  48ff(5,994) 

93*11 (44) 

16,779(253) ) 

166,214(51) ) 

121.3222 (82) % 

239,0600 (22) 

196(605) ) 

381(78) ) 

16.111(63) ) 

3.242(187) ) 

54.1999 + 28.205 

511 + 20 

ValuesValues for CD68+ macrophages and CD32+ cells I hey receptor II) are the mean  cells/mm. Values for 
CDI63+CDI63+ macrophages (overall), CDI4+ cells (monocytes), CD64+ cells (Fey receptor I). CD5+ lymphocytes 
(Band(Band Tcells). ('1)22+ lymphocytes (B cells). CD38+ cells (plasma cells). CD138+ cells (plasma cells). CD3+ 
(T(T cells), CD4+ and CD8+ T cells, granzyme B+ cells, CCRI + cells (chemokine receptor), and CD55+ 
ftbroblast-likeftbroblast-like synoviocytes are the geometrie mean (coefficient of variation [CVj [%])  positive cells/mm'. 
ValuesValues for tumor necrosis factor-a (TNF-a), interleukin-Ia (IL-Ia), II.-Iff  matrix metalloproteinase I (MMP-1), 
MMP-13.MMP-13. avf!3. basic fibroblast growth factor (bFGF), vascular endothelial growth factor (VEGF). and von 
Witlebrand'sfactorWitlebrand'sfactor (vWF+) vessels are the geometric mean ('/< CV) or the mean  SI) integrated optical density. 

Figuree 2. A. Representative photomicrograph showing CD6H+ macrophages (reddish-brown staining) in 
rheumatoidrheumatoid synovial tissue before and after treatment with prednisolone or placebo (original magnification x 
2(H)).2(H)). A marked reduction in the number ofCD68+ macrophages was observed after 2 weeks of prednisolone 
treatment.treatment. B, Graph showing the effect of treatment with prednisolone on sublining (sit CD6<S+ macrophages. A 
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markedmarked reduction was observed after 2 weeks of prednisolone treatment for 2 weeks. C, Graph showing the 
effecteffect of treatment with prednisolone on total CD6S+ macrophages. A marked reduction was observed after 2 
weeksweeks of prednisolone treatment. A full colour image of figure 2A is provided in the Appendix I Chapter 5. figurt 
22 A,. 
A. . 

Prednisolone e 

Placebo o 

B. . 

1600 0 

1400 0 
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400 400 

200 0 

0 0 
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C. . 
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1000 0 
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400 400 
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Theree was also a decrease following prednisolone treatment in the number of CD5+ stained 
cellss (B cells and T cells), CD163+ stained cells (macrophages), and CD4+ stained cells, 
accompaniedd by increases in the placebo group, combining to result in a large difference 
betweenn the treatment groups in these markers. There were clear trends toward decreased 
infiltrationn by CD38+ plasma cells and CD55+ fibroblast-Iike synoviocytes after active 
treatment,, but CIs included the value for no treatment effect. 
Stainingg for cytokines showed that expression of IL-ip was 40% lower (95% CI 18-56% ) 
followingg prednisolone therapy compared with placebo (the geometric mean integrated 
opticall density IIOD] decreased from 248.882 |CV 52%] to 147.428 [CV 399c] following 
prednisolonee treatment), and expression of TNF-a was 52% lower (95% CI 10-74%) 
followingg prednisolone therapy versus placebo (the geometric mean IOD decreased from 
177,0500 [CV 56%] to 87.855 |CV 95%] after prednisolone treatment). This effect was mainly 
attributablee to changes in the synovial sublining (Figure 3). 
AA trend toward decreased vascularity was observed in the prednisolone-treated group for the 
markerss of angiogenesis studied, especially in a\'P3+ newly formed blood vessels (change in 
geometricc mean IOD from 20.728 |CV 270%] to 7.966 |CV 179%]). This was 60% lower 
(95%% CI 84% lower to 3% higher) after prednisolone therapy compared with placebo. 
Forr all other markers analyzed, estimates for the size of treatment effect varied widely, with 
manyy of them showing a trend toward a reduction in the prednisolone group: however, CIs 
includedd the value for no effect. 

DISCUSSION N 

Thiss study was conducted to address the question of which features in RA synovial tissue 
sampless could be used as a biomarker for clinical efficacy in relatively small studies of short 
duration.. The results presented here show that clinically effective prednisolone therapy (the 
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COBRAA regimen) is particularly associated with a marked reduction in macrophage 
infiltrationn in the synovial tissue from RA patieits after 2 weeks of treatment. 

Figuree 3. Representative photomicrograph showing tumor necrosis factor a (TNF a) expression (reddish-brown 
staining)staining) in rheumatoid synovia! tissue before and after treatment with prednisolone or placebo (original 
magnificationmagnification x 200). A strong decrease in TNFa expression was observed after 2 weeks of prednisolone 
treatment.treatment. A full colour image of figure. 3 is provided in the Appendix (ChapterS, figure 3). 

Pree Post 

Resultss of a previous study suggested a decrease in T cell numbers after at least 6 months of 
treatmentt with gold; macrophages were not analyzed in that study(26). Another study that 
includedd the evaluation of macrophages showed a clear reduction in macrophages 12 weeks 
afterr gold therapy (27). The expression of macrophage-derived cytokines such as IL-ipa, 
TNF-a.. and IL-6 was also found to be reduced (27). Similarly. 16 weeks of treatment with 
methotrexatee led to a decrease in the numbers of various inflammatory cells, including T 
cells,, plasma cells, and macrophages*  15:28). The expression of macrophage-derived 
cytokines,, adhesion molecules, and MMPs was also reduced after methotrexate treatment 
(15:28:29).. Similar effects were observed after effective treatment with leflunomide(l5). 
Consistentt with the results from the present sudy after 2 weeks of corticosteroid treatment, a 
markedd reduction in the number of synovial macrophages was reported in patients who 
achievedd clinical remission, as defined by the ACR response criteria, after 3 months of 
treatmentt with various DMARDs (30). 
Treatmentt with biologic agents and targeted small molecules, including infliximab(3I-33). 
etanerceptt (34). anakinra (8). and a specific CCR1 antagonist (35), also resulted in decreased 
synoviall  cellularity. Results of these studies support the notion tha there is a possible 
relationshipp between changes in macrophage numbers and both expression of macrophage 
derivedd cytokines and clinical improvement. Of interest, treatment with infliximab induced a 
significantt reduction in macrophage numbers only 48 hours after the first infusion of the 
antibody,, especially in those patients who fulfilled the European League Against Rheumatism 
responsee criteria 1 month after initiation of anti-TNF therapy (36). The change in sublining 
macrophagee numbers was far more pronounced than changes in other cell types. 

Takenn together, the experience with both DMARDs and targeted therapies generally suggests 
that,, although the mechanism of action may differ among different therapeutic strategies, the 
ultimatee effect associated with clinical improvement is a reduction in the numbers of 
macrophagess and the expression of macrophage-derived cytokines in the synovium. 
Consistentt with this concept, stepwise multiple regression analysis revealed that these same 
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biomarkerss were associated with scores for local disease activity in RA in a cross-sectional 
studyy (37). The present study is the first placebo-controlled trial using a known clinically 
effectivee therapy designed to identify synovial tissue biomarkers associated with clinical 
efficacyy after short-term treatment in a relatively small number of patients. Consistent with 
suggestionss from previous studies described above, the ANCOVA model confirmed that the 
numberr of macrophages in the synovial subiining could be used as a biomarker for clinical 
efficacy. . 

Thee changes in the synovium might be explained in part by changes in cell migration 
attributablee to reduced expression of adhesion molecules and chemokines. as suggested 
previouslyy (38-40). In addition, the results from this study indicate that inhibition of 
(neo)angiogenesiss could play a role as well. There was a trend toward reduced expression of 
variouss markers of angiogenesis (VEGF, bFGR and avfT3). Corticosteroids may have direct 
effectss on these factors (41;42). In addition, indirect effects due to inhibition of chemokine 
andd cytokine expression could play a role (43). Although there were clear trends in the same 
directionn for factors involved in angiogenesis, the 95% CIs included the value for no effect, 
possiblyy due to the relatively small number of patients. 

Theree were also trends toward decreased infiltration by T cells, plasma cells, and fibroblast-
likee synoviocytes after active treatment. Conceivably, these changes would be more 
pronouncedd after more prolonged treatment, similar to observations in serial biopsy 
specimenss obtained after treatment with various DMARDs (30). In addition, the expression of 
TNF-ctt and IL-l p was greatly reduced in rheumatoid synovial tissue after treatment with 
prednisolonee compared with placebo, in accordance with previous studies (6;44). It should be 
notedd that these cytokines are mainly produced by macrophages in the inflamed synovium. 

Inn conclusion, prednisolone therapy is associated with a marked reduction in synovial tissue 
macrophagee infiltration. These data lend further support to the hypothesis that synovial 
subiiningg layer macrophages represent the parameter most sensitive to change after effective 
treatmentt of RA and may be used as a biomarker when novel therapeutic agents for RA are 
screenedd for potential efficacy. 

Referencee List 

(Ï )) Bresnihan B. Tak PP. Emery P. Kiarcskog L, Breedveld F. Synovia) biopsy in arthritis research: five 
yearss of concerted European collaboration. Ann Rheum Dis. 2000:59:506-11. 

(2)(2) Kraan MC. Haringman J J, Post WJ. Versendaal J. Breedveld EC. Tak PP. Immunohistological analysis 
off  synovial tissue for differential diagnosis in early arthritis. Rheumatology (Oxford). 1999;38:1074-80. 

(3)(3) Baelen D. Steenbakkers PG. Rijnders AM, Boots AM. Veys EM. De Keyser F. Detection of major 
histocompatibilityy complex/human cartilage gp-39 complexes in rheumatoid arthritis synovitis as a 
specificc and independent histologic marker. Arthritis Rheum. 2004:50:444-51. 

(4)) Tak PP. Bresnihan B. The pathogenesis and prevention of joint damage in rheumatoid arthritis: 
advancess from synovial biopsy and tissue analysis. Arthritis & Rheumatism. 2000:43:2619-33. 

(5)(5) Tak PP. Lessons learnt from the synovial tissue response to ami-rheumatic treatment. Rheumatology 
(Oxford).. 2000:39:817-20. 

(6)(6) Youssef PP, Haynes DR. Triantafillou S. Parker A. Gamble JR. Roberts-Thomson PJ et al. Effects of 
pulsee methylprednisolone on inflammatory mediators in peripheral blood, synovial fluid, and synovial 
membranee in rheumatoid arthritis. Arthritis Rheum. 1997:40:1400-1408. 

-68--



IdentificationIdentification of Biomarkers in Synovial Tissue 

(7)) Smeets TJ. Kraan MC, Versendaal J. Breedveld FC. Tak PP. Analysis of serial synovial biopsies in 
patientss with rheumatoid arthritis: description of a control group without clinical improvement after 
treatmentt with interleukin 10 or placebo. Journal of Rheumatology. 1999:26:2089-93. 

(8)) Cunnane G. Madigan A. Murphy E. Fitzgerald O. Bresnihan B. The effects of treatment with 
interleukin-11 receptor antagonist on the inflamed synovial membrane in rheumatoid arthritis. 
Rheumatologyy (Oxford). 2001:40:62-69. 

(9)) 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 & 
Rheumatismm 1995;38:1457-65. 

(10)) Youssef PP. Smeets TJ. Bresnihan B, Cunnane G, Fitzgerald O, Breedveld et al. Microscopic 
measurementt of cellular infiltration in the rheumatoid arthritis synovial membrane: a comparison of 
semiquantitativee and quantitative analysis. British Journal of Rheumatology, 1998:37:1003-7. 

(11)) Boers M. Verhoeven AC, Markusse HM. van de Laar MA, Wesihovens R. van Denderen JC et al. 
Randomisedd comparison of combined step-down prednisolone, methotrexate and sufphasalazine with 
sulphasalazinee alone in early rheumatoid arthritis. Lancet. 1997;350:309-18. 

(12)) Arnelt FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF. Cooper NS el al. The American 
Rheumatismm Association 1987 revised criteria for the classification of rheumatoid arthritis. Arthritis & 
Rheumatism.. 1988:31:315-24. 

(13)) Hochberg MC. Chang RW. Dwosh I, Lindsey S. Pincus T. Wolfe F. The American College of 
Rheumatologyy 1991 revised criteria for the classification of global functional status in rheumatoid 
arthritis.. Arthritis & Rheumatism. 1992:35:498-502. 

(14)) Fries JF. Spitz P, Kraines RG, Holman HR, Measurement of patient outcome in arthritis. Arthritis 
Rheum.. 1980;23:137-45. 

(15)) Kraan MC. Reece RJ, Barg EC, Smeets TJ, Farnell J. Rosenburg R et al. Modulation of inflammation 
andd metalloproteinase expression in synovial tissue by Icflunomide and methotrexate in patients with 
activee rheumatoid arthritis. Findings in a prospective, randomized, double-blind, parallel-design clinical 
triall  in thirty-nine patients at two centers. Arthritis & Rheumatism. 2000:43:1820-1830. 

(16)) Kraan MC. Reece RJ. Smeets TJ, Veale DJ, Emery P. Tak PP. Comparison of synovial tissues from the 
kneee joints and the small joints of rheumatoid arthritis patients; Implications for pathogenesis and 
evaluationn of treatment. Arthritis & Rheumatism. 2002:46:2034-38. 

(17)) Dolhain RJ, Ter Haar NT. De Kuiper R. Nieuwenhuis IGT Zwinderman AH. Breedveld FCel al. 
Distributionn of T cells and signs of T-cell activation in the rheumatoid joint: implications for 
semiquantitativee comparative histology. Br J Rheumatol. 1998:37:324-30, 

(18)) Boyle DL, Rosengren S. Bugbee W. Kavanaugh A, Firestcin GS. Quantitative biomarker analysis of 
synoviall  gene expression by real-time PCR. Arthritis Res Ther. 2003:5:R352-R360. 

(19)) Fearon U. Griosios K. Fraser A. Reece R. Emery P. Jones PFet al. Angiopoietins, growth factors, and 
vascularr morphology in early arthritis. J Rheumatol. 2003:30:260-268. 

(20)) Smeets TJ, Kraan MC. Galjaard S. Youssef PP, Smith MD. Tak PP. Analysis of the cell infiltrate and 
expressionn of matrix metalloproteinases and granzyme B in paired synovial biopsy specimens from the 
cartilage-pannuss junction in patients with RA. Ann Rheum Dis. 2001:60:561-65. 

(21)) Smeets TJ. Barg EC, Kraan MC, Smith MD. Breedveld FC. Tak PP. Analysis of the cell infiltrate and 
expressionn of proinflammatory cytokines and matrix metal loproteinases in arthroscopic synovial 
biopsies:: comparison with synovial samples from patients with end stage, destructive rheumatoid 
arthritis.. Ann Rheum Dis. 2003:62:635-38. 

-69--



ChapterChapter 5 

(22)) Kraan MC. Haringman JJ, Ahem MJ. Breedveld FC. Smiih MD. Tak PP. Quantification of the cell 
infiltratee in synovial tissue by digital image analysis. Rheumatology (Oxford). 2000;39:43-49. 

(23)) Kraan MC, Smith MD. Weedon H. Ahern MJ, Breedveld FC. Tak PP. Measurement of cytokine and 
adhesionn molecule expression in synovial (issue by digital image analysis. Ann Rheum Dis. 
2001:60:296-98. . 

(24)) Prevoo ML. 't Hof MA. Kuper HH. van Leeuwen MA. van de Putte LB. van Riel PL. Modified disease 
activityy scores thai include twenty-eight-jo int counts. Development and validation in a prospective 
longitudinall  study of patients with rheumatoid arthritis. Arthritis & Rheumatism. 1995:38:44-48. 

(25)) Felson DT, Anderson JJ. Boers M. Bombardier C, Furst D, Goldsmith C et al. American College of 
Rheumatology.. Preliminary definition of improvement in rheumatoid arthritis. Arthritis & Rheumatism. 
1995:38:727-35. . 

(26)) Rooney M. Whelan A. Feighery C. Bresnihan B. Changes in lymphocyte infiltration of the synovial 
membranee and the clinical course of rheumatoid arthritis. Arthritis Rheum. 1989;32:361-69. 

(27)) Yanni G. Nabil M. Farahat MR. Poston RN, Panayi GS. Intramuscular gold decreases cytokine 
expressionn and macrophage numbers in the rheumatoid synovial membrane. Ann Rheum Dis. 
1994:53:315-22. . 

(28)) Dolhain RJ. Tak PP, Dijkmans BA, De Kuiper P. Breedveld FC. Miltenburg AM. Methotrexate reduces 
inflammatoryy cell numbers, expression of monokines and of adhesion molecules in synovial tissue of 
patientss with rheumatoid arthritis. Br J Rheumatol. 1998;37:502-8. 

(29jj  Firestein GS. Paine MM, Boyle DL. Mechanisms of methotrexate action in rheumatoid arthritis. 
Selectivee decrease in synovial collagenase gene expression. Arthritis Rheum. 1994;37:193-200. 

(30)) Smith MD. Kraan MC, Slavotinek J, Au V, Weedon H, Parker A el al. Treatment-induced remission in 
rheumatoidd arthritis patients is characterized by a reduction in macrophage content of synovial biopsies. 
Rheumatologyy (Oxford). 2001 ;40:367-74. 

(31)) Tak PP. Taylor PC, Breedveld FC, Smeets TJ, Daha MR. Kluin PM et al. Decrease in cellularity and 
expressionn of adhesion molecules by anti-tumor necrosis factor alpha monoclonal antibody treatment in 
patientss with rheumatoid arthritis, [see comments]. Arthritis & Rheumatism. 1996;39:1077-81. 

(32)) Taylor PC. Peters AM, Paleolog E. Chapman PT, Elliott MJ, McCloskey R et al. Reduction of 
chemokinee levels and leukocyte traffic to joints by tumor necrosis factor alpha blockade in patients with 
rheumatoidd arthritis. Arthritis & Rheumatism. 2000;43:38-47. 

(33)) Ulfgren AK. Andersson U. Engstrom M. Klareskog L, Maini RN. Taylor PC. Systemic anti-tumor 
necrosiss factor alpha therapy in rheumatoid arthritis down-regulates synovial tumor necrosis factor 
alphaa synthesis. Arthritis Rheum. 2000:43:2391-96. 

(34)) Verschueren PC. Markusse HM. Smeets TJM. Kraan MC. Breedveld FC. Tak PP. Reduced cellularity 
andd expression of adhesion molecules and cytokines after treatment with soluble human recombinant 
TNFF receptor (P75) in RA patients. Arthritis & Rheumatism. 1992:42. 

(35)) Haringman JJ, Kraan MC, Smeets TJ. Zwinderman KH, Tak PP. Chemokine blockade and chronic 
inflammatoryy disease: proof of concept in patients with rheumatoid arthritis. Ann Rheum Dis. 
2003:62:715-21. . 

(36)) Smeets TJ, Kraan MC, van Loon ME. Tak PP. Tumor necrosis factor alpha blockade reduces the 
synoviall  cell infiltrate early after initiation of treatment, but apparently not by induction of apoptosis in 
synovia]]  tissue. Arthritis & Rheumatism. 2003:48:2155-62. 

(37)) Tak PP. Smeets TJ, Daha MR, Kluin PM, Meijers KA. Brand et al. Analysis of the synovial cell 
infiltratee in early rheumatoid synovial tissue in relation to local disease activity. Arthritis & 
Rheumatism.. 1997:40:217-25.' 

- 7 0 --



IdentificationIdentification of Biomarkers in Synovial Tissue 

(38)) Youssef PP. Triantafillou S, Parker A. Coleman M, Roberts-Thomson PJ, Ahern MJ et al. Effects of 
pulsee methyl prednisolone on cell adhesion molecules in ihe synovial membrane in rheumatoid arthritis. 
Reducedd E-selectin and intercellular adhesion molecule ! expression. Arthritis & Rheumatism. 
1996:39:1970-1979. . 

(39)) Moreland LW, O'Dell JR. Glucocorticoids and rheumatoid arthritis: back to the future? Arthritis 
Rheum.. 2002:46:2553-63. 

(40)) Piizalis C. Pipitone N. Perretti M. Regulation of leukocyte-endothelial interactions by glucocorticoids. 
Annn N Y Acad Sci. 2002:966:108-18. 

(41)) Nauck M, Karakiulakis G, Perruchoud AP, Papakonstantinou E, Roth M. Corticosteroids inhibit the 
expressionn of the vascular endothelial growth factor gene in human vascular smooth muscle cells. Eur J 
Pharmacol.. 1998;341:309-15. 

(42)) Hori Y, Hu DE, Yasui K. Smither RL, Gresham GA. Fan TP. Differential effects of angiostatic steroids 
andd dexameihasone on angiogenesis and cytokine levels in rat sponge implants. Br J Pharmacol. 
1996:118:1584-91. . 

{43)) Koch AE. Angiogenesis as a target in rheumatoid arthritis. Annals of the Rheumatic Diseases. 
2003;62:ii60-67. . 

(44)) Almawi WY, Beyhum HN, Rahme AA. Rieder MJ. Regulation of cytokine and cytokine receptor 
expressionn by glucocorticoids. J Leukoc Biol. 1996;60:563-72. 

-711 -




