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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. 

INTRODUCTION 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 
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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). 

MATERIALSS AND METHODS 

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. Al l 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. Al l 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. Affinit y 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-lp 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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