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ABSTRACT T 

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

INTRODUCTION N 

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

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

PATIENTSS AND METHODS 

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

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

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

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

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

RESULTS S 

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

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

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

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

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

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

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

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

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

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

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

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

Plaquenil l 

D-peniciliamine e 
--
--

Hydroxychloroquine e 
Sulfasalazine e 

--
--
--
--

Methotrexate e 
--
--

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

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

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

+ + 
+ + 
+ + 
+ + 

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

--

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

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

Diseasee duration 

<< 1 year 

(n=12) ) 

>> 5 years 

(n=12) ) 

CD3 3 

IFN-y y 

2.55 0 (1-4) 

2.99 + 1.0(1-4) 

2.33 0 (1-4) 

3.22 7 (2-4) 

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

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

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

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

STRA A STRA A 

<< 1 year 

( n = l l ) ) 

>> 5 years 

(n=12) ) 

Tonsil l 

(n=5) ) 

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

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

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

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

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

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

(range). (range). 

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

tonsil). tonsil). 

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