
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Immunohistochemical analysis of rheumatoid synovial tissue: methodologic and
pathogenetic studies

Smeets, T.J.M.

Publication date
2003

Link to publication

Citation for published version (APA):
Smeets, T. J. M. (2003). Immunohistochemical analysis of rheumatoid synovial tissue:
methodologic and pathogenetic studies. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/immunohistochemical-analysis-of-rheumatoid-synovial-tissue-methodologic-and-pathogenetic-studies(22d6837e-0fcc-4ceb-932e-b9b916889a32).html


Chapter4 4 

ANALYSISS OF THE CELL INFILTRATE AND 
EXPRESSIONN OF PRO-INFLAMMATORY CYTOKINES 
ANDD MATRIX METALLOPROTEINASES IN 
ARTHROSCOPICC SYNOVIAL BIOPSIES COMPARED 
TOO SYNOVIAL SAMPLES FROM PATIENTS WITH 
END-STAGEE DESTRUCTIVE RHEUMATOID 
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. 

INTRODUCTION 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. 

METHODS 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-l p 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 

48 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-ip 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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