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Chapterr 1 

Immunit y y 

Thee human immunesystem consists of specific and non-specific subsystems that interact to 
defendd the host against pathogens. The non-specific (innate) immunesystem consists of (1) 
phagocytess like macrophages, monocytes and neutrophilic granulocytes, (2) natural killer 
cellss and (3) soluble components such as the molecules of the complement system. After 
pathogenss have managed to cross the barriers of the human body (skin, mucous 
membranes),, the innate immune system is able to act directly by opsonizing the pathogen 
withh complement. This leads either to lysis of the microbe or to apoptosis of the intruder by 
recruitedd phagocytes. Additionally, pathogens can trigger pathogen recognition receptors on 
cellss of the innate immune system by pathogen-associated molecular patterns. This induces 
endocytosiss and, after binding to members of the Toll like receptor family, production of 
cytokiness and membrane-bound co-stimulatory molecules that augments the innate immune 
responsee and activates the adaptive immune system.1 

Thee specific (adaptive) immune system consists of lymphocytes subdivided in T cells and B 
cells. . 
BB cells can produce antibodies (immunoglobulins, Ig) that have direct effects like 
neutralizingg bacterial toxins, interfering with bacterial adhesion molecules and preventing 
virusess to enter host cells. Antibodies bound to the pathogen can amplify the effect of the 
non-specificc immune system by activation of the complement system and by binding to 
immunoglobulinn receptors on phagocytes, thereby improving phagocytosis. Furthermore, 
throughh surface Ig, B cells can ingest antigens, which after intracellular protein processing, 
leadss to presentation of antigenic peptides to T cells. 2'3 

TT cells can be divided in CD4 positive and CD8 positive cells. To participate in the defence 
mechanismm they need to be recruited by the non-specific immune system. T cells can be 
activatedd if their specific T cell receptors (TCR) recognize antigen-derived peptides but 
onlyy if they are presented to them by antigen presenting cells (APC) in HLA class I (CD8 
cells)-,, or HLA class II (CD4 cells) molecules. Once activated the response of T-cells 
dependss on an interplay of: 

1.. The quality and quantity of antigen specific signal. 
2.. The quality and quantity of additional signals from cells of the non-specific 

immunee system or B cells. 
3.. The stage of differentiation of the T cell. 
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Add 1. Naive T cells are only activated if their TCR has sufficient affinity for the particular 
peptidee MHC complex and the density of peptides on APC has reached a threshold for 
activation n 
Add 2. Activation of nai've T cells by the T cell receptor (TCR) alone will not initiate 
productivee T cell activation but rather leads to cell-death, anergy or ignorance. However 
simultaneouss triggering of for instance CD274'5, CD286'7, or LFA-118"10 by their specific 
ligandss on APC results in T cell proliferation and differentiation. 
Add 3. During T cell differentiation the cellular activation requirements change. A repeated 
triggerr of the TCR is sufficient for activation, and a co-stimulatory signal is less crucial. In 
additionn activation of naive T cells results in proliferation and IL-2 production, while 
reactivationn of differentiated T cells results in the execution of effector functions. 

Differentiatedd CD8 positive T cells have principally a cytotoxic effect on tissue cells 
presentingg foreign antigen-derived peptides in HLA class I molecules. The presence of these 
peptidess reveals that these cells are infected by pathogens. Although CD8 cells may develop 
inn cytotoxic effector cells in the absence of CD4 positive T cells, they have been shown to 
bee more effective when supported by CD4 positive T cells . 

Differentiatedd CD4 positive T cells have predominantly immunomodulating effects. 
Dendriticc cells presenting antigen to CD8 cells can do this more effectively when they have 
firstt had an interaction with specific CD4 T cells. In the interaction between CD4+ T cells 
andd dendritic cells the CD40-CD401igand interaction plays an essential role12,13. 
Inn addition, differentiated CD4 T cells provide help for B cells to produce antibodies with a 
higherr affinity and induce a shift from production of IgM to IgG, A and E. 
Apartt from these modulating effects on the specific immune system CD4 effector cells can 
activatee cells of the non-specific immune system like macrophages via the production of 
interferonn gamma (IFN-y) or via direct cell contact (e.g. CD40-CD401igand, ICAM-
LFA1)14'15 5 

Observationss by Mosmann and Coffman in 198616 revealed that different functions of 
murinee CD4+ T helper cells seem to be executed by different T cell subsets. These are 
distinguishedd on the basis of the production of different sets of cytokines. 
So-calledd type-1 helper cells produce IL-2, interferon-gamma (IFN-y) and tumor necrosis 
factorr alpha (TNF-a), while type-2 CD4+ cells produce IL-4, IL-5 and IL-10. Later similar 
subsetss were found in humans as well17. Prototypically human type-1 T cells produce IFN-y 
whilee type-2 cells produce IL-4. Functional studies have shown that type 2 cells are more 
effectivee in providing B cell help, while both type-1 and type-2 cells have a regulatory 
effectt on cells of the non-specific immune system. Type-1 cells are proinflammatory as they 
cann enhance the activation of macrophages and their forerunners monocytes, resulting in 
moree effective killing of ingested bacteria as well as the production of proinflammatory 
cytokiness like TNF-a, IL-1 and IL-618"20 
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Thee differen t compartment s of T cel l subset s 

Pathogenss usually enter the body through the skin or mucous membranes. Locally an 
inflammatoryy response is generated by the innate immune system. If the pathogen is 
unknownn there wil l be no production of specific effector T cells. To generate these, antigens 
havee to be presented to naive T cells by APC. Naive human T cells can be identified by the 
expressionn of the CD45RA isoform and are receptive to costimulatory signals as they 
expresss CD27 and CD28. After their generation in the thymus they recirculate between the 
bloodd and lymphoid tissue using their homing receptors CD62L and CCR7. 
Professionall  APC are present both in peripheral tissues as well in T cell areas of the 
lymphoidd tissue. The differentiation of pathogen-specific T cell effectors from naive T cell 
takess place in these T cell areas when antigen is drained from the site of entry by the blood 
orr lymph and is filtered by the lymph nodes or spleen, respectively when professional APC 
likee dendritic cells pick up pathogens/antigens in the peripheral tissue and migrate to the 
nearestt lymph node. Circulating naive T cells will be trapped in the lymph node if their T 
celll  receptor recognizes specific peptide/MHC complexes present on the APC. When 
adequatelyy activated by the APC by additional costimmulatory signals these cells will 
expandd and differentiate into effector T cells. During this process the CD45RA isotype is 
downregulatedd while the CD45R0 isotype is upregulated. In parallel, molecules responsible 
forr recirculation into the lymphnodes are diminished, while adhesion molecules and 
chemokinee receptor molecules involved in homing to inflamed tissues are upregulated: 
alphal,, 2 integrins, CCR5 and CXCR-3 on type-121"23, CCR3 and CCR8 on type-2 T 
cells24'25. . 
Whetherr T cells develop into a type-1 or type-2 phenotype depends on signals like IL-12 
andd IL-18 for type-1, and IL-4 for type-2 T cells. In turn whether APC produce type-1 or 
type-22 directing signals depends on properties of the pathogen i.e. binding to particular PRR 
ass well as the innate defence mechanism of the host. Positive and negative feedback loops 
existt in T cell differentiation. Type-1 cells can amplify type-1 responses by producing IFN-y 
andd inhibit type-2 responses, whereas type-2 T cells can do the opposite. 

Rheumatoi dd Arthriti s 

Rheumatoidd arthritis is a syndrome of symmetric polyarthritis mostly involving the small 
jointss of hands and feet. Although spontaneous remission can occur, it has the tendency to 
becomee chronic resulting in progressive damage to the cartilage and underlying bone 
structuress of the joints. It can be concluded from incidence numbers that both genetic and 
environmentall  factors are involved in the pathogenesis. In the general population 
rheumatoidd arthritis is found in 0.5% to 1% of individuals26"30 while it can be found in 2% to 
4%% of people who have a sibling with rheumatoid arthritis31,32. That also environmental 
factorss are needed for the disease to develop can be suspected from the fact that it is only 
foundd in 12% to 15% of people who have an identical twin with rheumatoid arthritis33"35. 
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CluesClues for the pathogenesis 

Thee underlying mechanisms resulting in development of rheumatoid arthritis are largely 
unknown.. It can be considered that rheumatoid arthritis is an autoimmune disease since 
constantt or intermittent inflammation is present in the synovium without evidence of an 
initiatingg pathogen. However an autoantigen at which the autoimmune reaction is directed 
hass never been established. 

AA clue for the involvement of the specific immune system in the pathogenesis of RA is the 
associationn of the disease with the "shared epitope". The shared epitope is a homologues 
sequencee of amino acids in the antigen binding groove of several MHC class II molecules 
thatt are associated with the disease36. 

Clinicall  responses of the disease to TNF-a neutralizing therapies imply that TNF-a plays a 
substantiall  role in generation of the symptoms37. TNF-a in the synovium is predominantly 
producedproduced by synoviocytes and macrophages. Still it is not known what factors are initiating 
andd sustaining the unbalanced production of this pro-inflammatory cytokine. 

Differentiatedd T cells are capable of regulating inflammatory responses. Type-1 T cells 
whichh are abundantly found in the synovium can activate macrophages to produce 
inflammatoryy cytokines like TNF-a, while Type-2 cells can inhibit this effect. IL-4 
producingg cells are only found in small amounts in the joint, which has lead to the 
hypothesiss that an imbalance between type-1 and type-2 T cells can contribute to the 
excessivee TNF-a production in the synovium. Since it is not known whether an autoantigen 
iss involved in the pathogenesis of rheumatoid arthritis, uncertainty exists about whether 
synoviall  T cells are antigen specific or just bystanders that are trapped by the abundance of 
TNF-aa induced adhesion molecules and chemokines. 

Aimm of the thesi s 

Inn analogy to what has been found in animal models, it has been hypothesized that the 
balancee between pro-inflammatory THELPER(H)1 and anti-inflammatory TH2 cells plays an 
importantt role in (1) sensitivity for and (2) clinical course of autoimmune disease in 
humans.. The experiments described in this thesis aimed to scrutinize this hypothesis in 
Rheumatoidd Arthritis. For this a cohort study was performed in which T cell functions were 
analyzedd longitudinally in patients who visited the Early Arthritis Clinic of the Jan van 
BreemenBreemen Institute. 

Thee studies have focussed on five separate aspects: 

1.. Compartmentalization of TH1 and TH2 cells in inflamed synovium of RA patients 
(Chapterr 2). 

2.. Markers of T cell differentiation in patient groups with other autoimmune diseases, 
i.e.. SLE (Chapter 3) and M. Bechterew (Chapter 4). 
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3.. Effects of DMARD's and anti-TNFa treatment on the TH1 and TH2 balance in the 
circulationn (Chapters 5 and 6). 

4.. Relation of disease activity with markers of T-cell differentiation (Chapter 2, 8). 

5.. Predictive value of the TH1 and TH2 balance for disease progression (Chapter 7, 8). 

AA summary and conclusion of the experimental chapters wil l be given in Chapter 9. 
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Abstract t 

Objective.Objective. The balance between T cells able to produce interferon gamma (IFN-y) (type 1) 
andd interleukin-4 (IL-4) (type 2) is considered to be important in the development of 
autoimmunity.. In this study, we quantitated the percentage of both cell types in synovial fluid 
(SF)) and peripheral blood (PB) of rheumatoid arthritis (RA) patients, non-rheumatoid 
arthritiss patients and healthy controls. 

Methods.Methods. After short-term stimulation of synovial mononuclear cells with phorbol ester and 
ionomycin,, cytokine-producing cells were quantitated using an intracellular staining technique 
andd flow cytometric analysis. 

Results.Results. Although no significant differences in CD8 + cells were found, significantly higher 
percentagess of IFN-y-producing CD4+ (Thl) and IL-4-producing CD4 + (Th2) cells were 
foundd in the peripheral blood of RA patients in comparison with healthy controls. However, 
thee Thl/Th2 ratio was not different between the two groups. Comparative studies between PB 
andd SF showed that in both RA and non-RA patients, percentages of Thl cells were higher in 
SFF than in PB, while Th2 cells were preferentially found in the PB, resulting in a higher 
Thl/Th22 ratio in the SF. The Thl/Th2 ratio in the SF correlated with disease activity as 
estimatedd by the erythrocyte sedimentation rate. 

Conclusion.Conclusion. These results are in agreement with the hypothesis that Thl cells preferentially 
homee to inflamed joints in both RA and non-RA patients, but show that this does not result 
inn an altered Thl/Th2 ratio in the PB of RA patients. 

KEYY WORDS: Rheumatoid arthritis, Thl/Th2 cells, Cytokines. 

Rheumatoidd arthritis (RA) is a chronic inflammatory subsets designated Thl and Th2 type cells, which are 
diseasee affecting primarily synovial tissue in multiple characterized by different cytokine production profiles 
joints.. A marked hyperplasia of synoviocytes and blood and eifector functions. Thl cells produce interleukin-2 
vesselss in the synovium, and a mononuclear cellular (IL-2) and interferon gamma (IFN-7), support macro-
infiltratee consisting of macrophages, T and B cells, are phage activation and are involved in delayed-type hyper-
found.. There is controversy on the issue of which cell is sensitivity responses. Th2 cells, on the other hand, 
cruciall  in the inflammatory process [1, 2]. Nevertheless, secrete IL-4, IL-5 and IL-13, and provide efficient help 
C D 4++ T-helper cells (Th) appear to play an important for B-cell activation, antibody production and down-
role,, since susceptibility to RA is specifically associated modulate the production of pro-inflammatory cytokines 
withh class II MH C alleles possessing a shared epitope by macrophages. From animal experiments, it has 
[3] .. C D 4+ T cells can differentiate into two distinct become clear that balances between Thl and Th2 cells, 

orr their cytokines, are important in the induction or 
Submittedd 15 January 1998; revised version accepted 14 October prevention of organ-specific autoimmune disease [4] . 

19988 Several reports have been published on the detection of 
Correspondencee to: W, L. van der Graaff, Department of Clinical  T n l and Th2 cytokines in RA [5-13]. Using either 

ViroTmmunology,, Central Laboratory of the Netherlands Red Cross immunohistochemistry or ELISPOT techniques, evi-
Bloodd Transfusion Service, Plesmanlaan 125, 1066 ex Amsterdam, dence was obtained for an increased IFN-y/IL- 4 ratio in 
Thee Netherlands. synovial fluid (SF) compared to peripheral blood (PB). 
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Th11 and Th2 cells in arthritis 
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FIG.. 1. Flow cytometric analysis after simultaneous staining with anti-CD95 and negative control antibody (a), IFN-y (b) or 
IL-44 (c) of CD4+ gated PBMC of an RA patient. 

Too obtain information on the phenotype of the cytokine-
producingg T cells in this study, three-colour immuno-
fluorescencee analysis with intracellular staining was used 
too quantify cytokine-producing T cells in PB and SF of 
arthritiss patients. Our findings show that in both arthritis 
patientss and age-matched healthy controls, IFN-y- and 
IL-4-secretingg T cells are contained within the memory 
(definedd as CD95 + ) compartment. Furthermore, com-
parisonn between PB and SF showed that higher percent-
agess of IFN--/-secreting, but not of IL-4-producing cells, 
aree found in the joint, resulting in a relatively high local 
Thl/Th22 ratio. 

Materialss and methods 

IsolationIsolation of mononuclear cells 
SF,, PB, or both, were obtained in heparinized tubes. 
SFF and PB were diluted in phosphate-buffered saline 
(PBS)) containing 10% fetal calf serum (FCS) and 5% 
trisodiumm citrate. Mononuclear cells were isolated by 
densityy centrifugation on a Ficoll-Hypaque gradient 
(d(d = 1.079). Cells were suspended in Iscove's modified 
Dulbecco'ss medium (IMDM ) containing 30% FCS and 
10%% dimethylsulphoxide, and stored in liquid nitrogen 
untill  use. Peripheral blood mononuclear cells (PBMC) 
off  a healthy donor were processed in the same way and 
usedd as standard control cells. 

Immunofluorescence Immunofluorescence 
TT cells producing IFN-y and IL-4 were detected by 
intracellularr staining with flow cytometric analysis as 
describedd before [14-16]. Briefly, 1.2 million thawed 
viablee mononuclear cells were stimulated in 1 ml 
IMDM/10%% FCS with 1 ng phorbol myristate acetate 
(PMA;; Sigma Chemicals) and 1 uu ionomycin (Sigma 
Chemicals).. Monensin (1 ;IM; Sigma Chemicals) was 
addedd to prevent excretion of the newly synthesized 
cytokines.. After 4 h, cells were washed in PBS/0.5% 
bovinee serum albumin (BSA) and stained with directly 
labelledd monoclonal antibodies (mAb) against surface 
moleculess for 20 min. After two washing steps with 
PBS/BSAA and one with PBS. cells were fixed with 4% 

paraformaldehydee during 10 min. Fixation was stopped 
byy washing the cells three times in PBS. Cells were 
permeabilizedd with 0.1% saponin in PBS/BSA supple-
mentedd with 10% pooled human serum (HPS) to block 
aspecificc binding of mAb. Phycoerythrin- or biotin-
labelledd mAb directed against IFN-y or IL-4, and an 
irrelevantt IgGl murine mAb as a negative control, were 
dilutedd in PBS/BSA/saponin to a concentration of 
55 ;ig/ml and added to the cells in aliquots of 50 u\ for 
255 min at 4 C. After binding of streptavidin-RED670 
too the biotinylated antibodies, cells were analysed on a 
FACScann (Becton Dickinson). IFN-y- and IL-4-
producingg T cells were identified by setting a marker on 
thee sample containing the negative control antibody 
(Fig.. la). To correct for daily variation, standard control 
PBMCC of one healthy donor were used. The relative 
amountss of cytokine-producing cells in the PB and SF 
weree defined as the percentage positive cells measured 
inn study samples divided by that of the standard control 
PBMC.. By way of this normalization procedure, results 
off  individual patients analysed in different sets of experi-
mentss could be compared. In experiments that compared 
resultss from SFMC and PBMC from the same patient, 
percentagess of CD8 — and CD8 + cytokine-positive 
cellss were first divided by the percentage CD95+ cells. 
Percentagess of CD95 + CD4+ and CD95+CD8 + 
cellss were determined by flow cytometric analysis after 
stainingg of mononuclear cells with directly labelled 
antibodies. . 

Antibodies Antibodies 
Phycoerythrinn (PE)-anti-CD3, CD4, CD8, IFN-y, IL-4, 
fluoresceinn isothiocyanate (FITC)-anti-CD8 and 
PerCP-anti-CD44 were purchased from Becton 
Dickinson.. Biotinylated anti-IFN-y (MD1, IgGl) was 
obtainedd from Dr P. van der Meide, TNO, Rijswijk. 
Thee Netherlands. Biotinylated anti-IL-4 (5A4, IgGl) 
wass kindly provided by Dr T. van der Pouw-Kraan, 
CLB,, Amsterdam, The Netherlands. Binding of biotinyl-
atedd antibodies was visualized by binding of streptavi-
din-coupledd RED670 (Dako. Denmark). Anti-CD4-PE 
cyaninn 5.1 and anti-CD95-FITC were purchased from 
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Immunotech,, Marseille, France. As negative control 
antibodiess for the intracellular staining. PE-labelled anti-
KL HH (Becton Dickinson) and biotin-labelled anti-
AspergillusAspergillus niger (Dako, Denmark) were used. 

Patients Patients 

Fifty-threee patients with arthritis were recruited for this 
study.. Thirty-nine of them fulfilled the 1987 ACR cri-
teriaa [17] for RA. Of the non-RA patients, four had 
reactivee arthritis, three were classified as suffering from 
undifferentiatedd monoarthritis, two from psoriatic arth-
riti ss and five from undifferentiated oligoarthritis. In 12 
patientss (seven RA. five non-RA), SF and PB were 
withdrawnn simultaneously, in 18 patients (nine RA, nine 
non-RA)) only SF was obtained and in 23 RA patients 
onlyy PB was obtained. Al l patients used non-cytotoxic 
anti-inflammatoryy drugs, except for two RA patients 
(methotrexate,, azathioprine) who donated only SF. No 
steroidss were prescribed. 

StatisticalStatistical analysis 

Dataa were analysed using non-parametric methods: 
Mann-Whitneyy {/-test. Spearman rank correlation 
coefficientt and Wilcoxon's signed rank test. 

Results s 

ComparisonComparison of IFN-y- and IL-4-producing T cells in PB 
ofof RA patients and healthy controls 
IFN-y-- and IL-4-producing cells were determined in the 
PBB of 23 RA patients with early disease ( <6 months) 
andd 23 healthy controls. Patients and controls were 
matchedd for gender and age (both groups 10 males, 13 
females,, median age 49 yr, range 37-67 yr). After correc-
tionn for the daily control (see Materials and methods), 
IFN-y-- and IL-4-producing cells were calculated in 
CD44 + CD95 + . CD4 + C D 9 5 -, C D 8 + C D 95 + and 
C D 8 + C D 9 5-- subsets. Within the C D 4+ and CD8 + 
subset.. the vast majority of cytokine producers were 
C D 9 5++ (Table 1). RA patients had more CD95 + cells 
inn both C D 4+ and CD8 + subsets; however, only the 
differencee in the CD4 + compartment reached statistical 

TABLEE 1. Percentage of CD95 + cells within different T-cell subsets in 
thee peripheral blood of RA patients and healthy controls. The medians 
aree given with the range in parentheses 

CD44 + 

CD88 + 

CD44 + IFN + 

CD44 + IL^ l + 

CD88 + IFN + 

CD88 + IL-4 + 

RA A 
(nn = 23) 

54.2 2 
(39.3-77.4) ) 

62.2 2 
(46.0-79.6) ) 

91.4 4 
(62.9-98.8) ) 

95.0 0 
(80.4-98.8) ) 

83.3 3 
(39.2-96.9) ) 

94.2 2 
(59.7-100.0) ) 

Controls s 
(n(n = 23) 

48.1 1 
(24.6-81.2) ) 

55.9 9 
(25.4-82.29) ) 

83.4 4 
(56.7-96.2) ) 

929 9 
(73.7-100.0) ) 

81.4 4 
(53.2-96.1) ) 

95.2 2 
(78.1-100.0) ) 

P P 

0.02 2 

0.27 7 

0.15 5 

005 5 

0.98 8 

0.75 5 

significance.. Within the C D 4+ subset, the percentages 
off  both IFN-y- and IL-4-producing cells were signifi-
cantlyy higher in the RA patients in comparison with the 
healthyy controls (Fig, 2a and b). However, within the 
cytokine-enrichedd CD4 + CD95+ subset, no significant 
differencee was found (Fig. 2d and e). The IFN-y IL-4 
ratioss within the CD4 + or in the CD4 + CD95 + subset 
(Thll  Th2 ratio) were not different between patients and 
controlss (Fig. 2c and f) . Within the C D 8+ subset, 
neitherr the relative percentages of IFN-y- and IL -
4-producingg cells nor their ratio differed between 
patientss and controls. 

ComparisonComparison of IFN-y- and IL-4-producing cells between 
SFSF and PB in arthritis patients 

Too analyse the relationship between IFN-y- and IL-4-
producingg T cells in the PB and SF, both cell types were 
determinedd in paired samples from 12 patients (seven 
RA,, five non-RA). Since the production of IFN-y 
andd IL-4 by T cells is highly enriched in the CD95 + 
subsett (Fig. 1 and Table 1), differences in percentages 
off  CD95 + cells between SF and PB affect the compari-
sonn of IFN-y- and IL-4-producing T cells between these 
twoo compartments. Therefore, IFN-y- and IL-4-
producingg cells were expressed as percentage of CD95 + 
cellss determined by three-colour flow cytometry. Again, 
resultss were expressed as relative amounts compared 
withh PBMC from a healthy control. Both in CD8— and 
CD88 + cells, I FN-/-positive cells were found in higher 
percentagess in the SF, while CD8-IL-4-positive cells 
weree overexpressed in the PB (Fig. 3a, b and d). 
Therefore,, a higher Thl Th2 ratio was found in the SF 
(Fig.. 3c). This finding was consistent in both RA and 
non-RAA patients. Comparison of the values for cyto-
kine-producingg cells between SF and PB yielded a 
significantt correlation for Thl cells, but not for Th2 
cellss or the Thl Th2 ratio (Table 2). 

CorrelationCorrelation between IFN-y- and IL-4-producing Tcells 
inin SF and clinical parameters 

IFN-y-- and IL-4-positive CD8 — T cells were deter-
minedd in SF samples of 30 arthritis patients (16 RA 
andd 14 non-RA). Correlations were calculated between 
thee relative percentages of cytokine producers and clin-
icall  parameters of all arthritis patients. No significant 
correlationn could be found between age or disease 
durationn and cytokine producers. However, a significant 
inversee correlation was observed between the erythrocyte 
sedimentationn rate (ESR) and IL-4 producers in the SF, 
whichh resulted in a positive correlation between the ESR 
andd Thl /Th2 ratio as well (Table 2). 

Discussion n 

Thee role of T cells in RA is still controversial. Several 
attemptss have been made to detect Thl and Th2 cyto-
kiness or their encoding mRNAs in blood [8, 12, 13], 
synoviumm [5-7, 9, 11, 18] or SF [7, 9, 10, 12] of RA 
patientss and, depending on the methodology used, both 
Thll  and Th2 dominance have been reported. Two 
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2.SS t 

22 + 

0.55 -

00 -

IFN-7+CD4++ (Th1) 

p=0.009 9 

IL-4+CD4++ (Th2) 

p=0.0005 5 

PB B 

IFN-7+CD8+ + 

p=00 001 

FIG.. 3. Comparison of the relative amounts of CD8 — IFN-/ + 
(Thl)) (a), C D 8 - I L - 4+ (Th2) (b). Thl Th2 ratio (c) and 
IFN-y-producingg CD8 + T cells between PB and SF of rheuma-
toidd ) and non-rheumatoid (O) arthritis patients. Two dots 
joinedd by a line represent the values for SF and PB of the 
samee patient. Statistical significance {P) between the compart-
mentss was calculated by a non-parametric test (Wilcoxon's 
signedd rank test). 

reportss have been published on the paired quantitation 
off  IFN-y- and IL-4-producing cells in PB and SF of RA 
patients.. Significant increases in IFN-y-producing cells 
inn the SF [19, 20], a significant increase in IL-4-
producingg cells in unstimulated cells from the SF [20] 
andd no difference in IL-4 producers in stimulated cells 
[19,, 20] were found. Importantly, in previous studies, 
noo attempts were made to correlate cytokine-producing 
capacityy with membrane phenotype. Nevertheless, this 
iss likely to be relevant since the T cells present in the 
rheumatoidd SF are largely CD4 + CD45RO + CD95 + 
'memory""  cells, while in the PB both naive 
( C D 4 5 R O - C D 9 5 -)) and memory cells are found [21]. 
Inn order to differentiate between naive and memory type 
cells,, we used an intracellular cytokine staining technique 

combinedd with cell surface phenotype analysis. This flow 
cytometricc analysis was first described by Jung et al. 
[22]]  and has since then been modified and used for 
differentt purposes [14-16, 23-25]. After short (4h) 
stimulationn with PMA and ionomycin, both types of 
cellss could be detected in CD4 + , CD3 + C D 8- and 
CD88 + cells of every individual patient. We found that 
bothh IFN-y-and IL-4-producing C D 4+ cells were large-
lyy CD95 + in PB of RA patients and healthy controls 
(Tablee 1): moreover, >95% of all SF C D 4+ cells were 
CD95++ (data not shown). 

Inn all PBMC and SFMC of arthritis patients tested, 
moree IFN-y- than IL-4-producing T cells were found, 
whichh was not different from results with PBMC of 
healthyy donors. However, significantly more IFN-y- and 
IL-4-producingg C D 4+ T cells were found in RA 
patientss in comparison with healthy controls. Since the 
percentagee of CD95+ cells within the CD4+ popula-
tionss is higher in RA patients (Table 1), cytokine produ-
cerss were also determined within the CD95+ subset. 
Noo significant difference could be seen in the percentages 
off  IFN-y or IL-4 producers within the CD4 + CD95 + 
subset.. Therefore, it can be concluded that part of the 
higherr percentages of cytokine-producing C D 4+ cells 
inn the PB of RA patients can be ascribed to higher 
percentagess of CD95 + cells. We could not find a 
differencee in the IFN-y/IL- 4 ratio either within the 
C D 4++ or in the C D 8+ subsets when patients and 
healthyy controls were compared. These findings are in 
agreementt with those of Ronnelid et al. [20] who used 
ann ELISPOT technique without any in vitro stimulation 
andd did not find a difference in the IFN-y/IL- 4 ratio of 
totall  PBMC. Van Roon el al. [26], using an in vitro 
culturee system, reported higher IFN-y/IL- 4 ratios in RA 
comparedd to controls. Differences in the various studies 
mayy possibly be explained by the fact that the latter 
studyy depends on long-term in vitro culture. 

Inn RA patients. IFN-y-producing T cells are reported 
too be found in higher percentages in the SF than in PB 
[12,, 19]. This study shows that when only the subset of 
PBB T cells is considered that is present in the SF as well 
(CD95+),, this finding can be supported for both RA 
andd non-RA patients, and shows in addition that there 
iss an even more striking difference in IL-4-positive 
C D 8-- T cells (considered CD4 + ) between SF and PB. 
Inn all patients tested, lower percentages were found in 
thee SF, resulting in significantly higher Thl /Th2 ratios 

TABL EE 2. Spearman rank correlation coefficients between cytokine producers in SF. PB and clinical data of both RA and non-RA patients 

Age e 
Diseasee duration 
ESR R 
SFMCC IFN+CD4 + 
SFMCIL44 + CD4 + 
SFMCC Thl/Th2 

SFMC C 
I F N - C D44 + 

-0.11 1 
-0 .33 3 
-0.26 6 

SFMC C 
IL44 + CD4 + 

-0.34 4 
-0.26 6 
-0.56** * 

SFMC C 
Thl/Th2 2 

0.25 5 
-0.10 0 

0.48* * 

PBMC C 
IFNN + CD4 + 

-0.15 5 
-0.11 1 

0.25 5 
0.66* * 
0.31 1 
0.50 0 

PBMC C 
IL44 + CD4 + 

0.10 0 
-0.03 3 
-0.07 7 

0.1(1 1 
0.34 4 
0.55 5 

PBMC C 
Thll  Th2 

-0.18 8 
0.08 8 
0.58 8 
0.64* * 
0.63* * 
1)08 8 

*F<0.05;; **/><0.01. 
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inn the SF. This finding may be largely due to different 
homingg properties of Thl and Th2 cells since murine 
Thh 1 cells are shown to home better to inflamed synovial 
tissuee than Th2 cells [27]. In addition, we have shown 
thatt human Thl cells express higher levels of CD49d 
(Mauricee et al, submitted), which is used in the binding 
too activated endothelium as well as adhesion to fibro-
nectin,, which is abundantly expressed in the rheuma-
toidd synovium [28]. Remarkably, the percentage of Thl 
cellss in the SF correlates with that in the PB, while no 
correlationn between those two compartments could be 
foundd for Th2 cells. This might point to the possibility 
that,, apart from different homing properties, Th2 cells 
aree modulated in the synovium while Thl cells are not. 
Itt could very well be that Th2 cells entering the synovium 
aree downregulated by the pro-inflammatory cytokines 
presentt since IL- 1 is known to inhibit IL-4 expression 
[29,, 30]. This would explain the inverse correlation 
observedd between ESR and Th2 cells in the SF since 
pro-inflammatoryy cytokines are major contributors to 
elevationn of the ESR. Alternatively, it could be hypothe-
sizedd that in patients with low numbers of Th2 cells 
withinn the synovium, Thl cells can amplify the release 
off  macrophage-derived pro-inflammatory cytokines, 
whichh results in a higher ESR. The results of this study 
aree in agreement with the hypothesis that Thl cells 
preferentiallyy home to inflamed joints in both RA and 
non-RAA patients, but show that this does not result in 
ann altered Thl /Th2 ratio in the PB of RA patients. 
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Chapterr 3 

Abstrac t t 

Itt has been suggested that the balance between IFN-y (type-1) and IL-4 (type-2) producing 
TT cells plays a role in the induction and perpetuation of autoimmunity. This balance was 
reportedd to be altered in the peripheral blood of SLE patients due to a low percentage of 
IFN-yy producing T cells. The purpose of this study was to quantitate this balance and 
investigatee whether alterations in the type 1/type-2 ratio are related to changes in the 
compositionn of the circulating T-cell compartment. 

Methods:: Peripheral blood was obtained from SLE patients and healthy matched controls. 
IFN-yy and IL-4 producing T cells (CD3+) were enumerated after short stimulation using an 
intracellularr staining technique and flowcytometric analysis. Next to this the differentiation 
statee of the peripheral blood T cells was evaluated. 

Results:: Both CD8- and CD8+ T cells of SLE patients contained lower percentages of IFN-
yy producing cells than age- and sex matched healthy controls. Since percentages of IL-4 
positivee CD8- cells did not differ between both groups the IFN-y/IL-4 (Thl/Th2) ratio was 
significantlyy lower in SLE patients. After in culture of PBMC with anti-CD2 and anti-
CD288 antibodies, IFN-y producers stayed significantly lower in patients, but after addition 
off  exogenous IL-12 (1 ng/ml) the difference disappeared. Phenotypic analysis of freshly 
isolatedd T cells revealed that low percentages of IFN-y producing T cells in SLE patients 
couldd not be ascribed to differences in memory typed CD45RA-CD95+ cells between the 
twoo groups. Interestingly, significantly lower percentages of terminally differentiated 
CD4+CD27-- cells were found in SLE patients. 

Conclusion:: Low percentages of IFN-y producing CD8- and CD8+ T cells were found in 
thee peripheral blood of SLE patients in comparison with healthy controls. Circulating SLE 
TT cells showed signs of diminished differentiation but could still be directed into IFN-y 
producingg cells when stimulated in an IL-12 rich environment. 

Introductio n n 

Systemicc Lupus Erythematosus (SLE) is a chronic remitting-relapsing disease, which can 
affectt virtually any organ. The origin is believed to be multifactorial resulting in systemic 
B-celll  hyperactivity and production of pathogenic autoantibodies. T cells appear to play a 
rolee since specific clones can be isolated from patients that can drive B cells to produce 
pathogenicc anti-DNA autoantibodies l'2. 
Furthermoree intrinsic T cell abnormalities have been described in SLE patients3"6. 
Speciall  attention has been paid to the balance between the interferon-y (IFN-y) producing 
type-11 and interleukin-4 (IL-4) producing type-2 T cells in SLE. An imbalance between 
thesee two subsets is believed to play a role in the development and progression of 
autoimmunityy in general7. Several reports suggest that in SLE there is an imbalance in 
favourr of the type-2 cells since there is an impaired IFN-y production by peripheral blood T 
lymphocytes8"11.. The differentiation of T cells into either the type-1 or type-2 direction 
dependss on many factors but the production of cytokines by antigen presenting cells (APC) 
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appearss to play a role. APC derived IL-12 is a potent inducer of IFN-y production while IL-
100 gives rise to type-2 T cells partly by antagonizing effects on IL-12 production. Several 
reportss have shown that in SLE there are increased IL-10 levels12l4which could explain the 
suppressionn of IFN-y production. 
Despitee the low production by peripheral blood cells, IFN-y has been shown to be a 
contributingg factor in the development of tissue damage in murine models15"17 while IFN-y 
treatmentt can exacerbate human SLE18'19. This paradox could be explained by the 
assumptionn that peripheral blood T cells of SLE patients can still differentiate into 
pathogenicc type-1 cells after entering the tissues. Therefore we investigated the 
differentiationn state of peripheral blood T cells of SLE patients in relation to the type-
l/type-22 balance. We found that decreased percentages of IFN-y producing CD4+ T cells in 
thee peripheral blood of SLE patients may be related to an underrepresentation of terminally 
differentiatedd CD4+ cells lacking the CD27 antigen20 in the blood. Moreover, both CD4+ 
andd CD8+ SLE T cells were capable of differentiating into adequate IFN-y producing cells 
inn the presence of IL-12 in vitro. 

Material ss  and method s 

StudyStudy population. Of 8 SLE patients and 8 healthy controls peripheral blood (PB) was 
obtainedd in heparinized tubes and diluted in phosphate buffered saline (PBS) containing 
10%% fetal calf serum (FCS) and 5% trisodiumcitrate. Mononuclear cells were isolated by 
densityy centrifugation on a Ficoll-Hypaque gradient (d=1.079). Cells were suspended in 
Iscovee 's modified Dulbecco 's medium (IMDM) containing 30% FCS and 10% 
dimethylsulphoxidee and stored in liquid nitrogen until use. 

IntracellularIntracellular staining technique. Cells positive for IFN-y and IL-4 were determined by 
flowcytometry.. In short, mononuclear cells were stimulated with 1 ng phorbol mystirate 
acetatee (PMA) (Sigma chemicals) and lu.M Ionomycin (Sigma chemicals). 1 uM Monensin 
(Sigmaa chemicals) was added to prevent excretion of the newly synthesized cytokines. 
Afterr 4 hours of incubation cells were stained with PE-anti CD3 and FITC-anti CD8 
monoclonall  antibodies (mAb) (both Becton and Dickinson, Mountain View, CA). Cells 
weree fixed with 4% paraformaldehyde. Cells were stored overnight in PBS at 4°C. 
Permeabilisationn of the cells was done with 0.1% saponin supplemented with 10% pooled 
humann serum (HPS) to block aspecific binding of mAb. Directly phycoerythrin (PE) 
labeledd anti-IFN-y, anti-IL-4 and a negative control (all Becton Dickinson) were diluted in 
PBS/BSA/Saponinn to a concentration of 5f!g/ml and added to the cells in aliquots of 50ml 
forr 25 minutes at 4°C. Cells were analyzed on a FACScan (Becton Dickinson). IFN-y and 
IL-44 containing CD8- (defined as CD4+) and CD8+ T cells were identified by gating for 
CD33 postivity and setting a marker using the sample containing the negative control 
antibody.. Cytokine producers were expressed as percentages of CD3+CD4+ and 
CD3+CD8++ T cells. 
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InductionInduction of IFN-y producing T cells by IL-12. 0.4 million PBMC were stimulated with 
1:10000 ascites containing anti-CD2 antibodies (CLB Tl 1.1/1, CLB Tl 1.2/1, Hik-27, CLB, 
Amsterdam,, The Netherlands) and anti CD28 (CLB-CD28/1, CLB, Amsterdam, The 
Netherlands)) in the presence or absence of recombinant IL-12 (1 ng/ml) for four days. Then 
cellss were restimulated with PMA and Ionomycin for 4 hours in the presence of Monensin 
andd stained for intracellular IFN-y as described above. 

DeterminationDetermination of the differentiation antigens on peripheral blood T cells. Three-color 
flowcytometricc analysis was performed on 0.2 million freshly isolated mononuclear cells 
withh combinations of anti CD95-FITC (Immunotech), anti CD45RA (2H4, Coulter), anti 
CD27-FITCC (3A12, CLB, Amsterdam, The Netherlands), anti CD4-PerCP and anti CD8-
PerCPP (both Becton Dickinson) in 100 ul PBS/0.05% BSA. Cells were incubated for 20 
minutess at 4°C. 

ProductionProduction of monokines. Whole blood of patients and controls was diluted in LPS free 
IMDMM (1:10). 100 pg/ml lipooligosacharide (LOS) was added with thromboliquine. After 
incubationn for 24 hours cells and supernatant were stored at -20°C. IL-12 (p40), IL-10 and 
IL-66 were determined in supernatant with ELISA (CLB, Amsterdam, The Netherlands). 

Results s 

ClinicalClinical features 
Eightt patients with SLE with low disease activity and eight healthy controls were included 
inn this study. All patients fulfilled the 1982 ARA criteria for SLE. Demographic data of the 
patientss included in the study are presented in Table 1. Three patients were using 
prednisonee (3, 4 and 30 mg/day). In addition one of them used 200mg azathioprine daily. 

Tablee 1. Characteristics of population studied 
SLEE Controls 

Female/Malee 7/1 7/1 
Age**  (years) 37.9  12.7 41.1  10.5 
Diseasee duration*  (years) 7.9  5.7 
Diseasee activity*  ~ R _ Q 

(SLEDAI) ) 
*== Mean  standard deviation 

QuantitationQuantitation of IFN-y and IL-4 producing T cells 
Too determine whether the percentages of type-1 and type-2 cells in the peripheral blood of 
SLEE patients were different from healthy controls, intracellular cytokine staining 
experimentss were performed and presented in Figure 1. In agreement with previous reports, 
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Figuree 1. Comparison of the percentages IFN-y (a+d) and IL-4 (b) producing cells as 
welll  as their ratio (c) in CD8+ (d) and CD8- (a-c) circulating CD3+ cells between SLE 
patientss and healthy controls. The box indicates the median while the whiskers show the 
range. . 

lowerr percentages of IFN-y producing CD3+CD8- T cells (Thl) were found in SLE patients 
inn comparison with healthy controls. However IL-4 producing CD3+CD8- (Th2) cells were 
nott significantly different between the two groups. The Thl/Th2 ratios were therefore 
lowerr in SLE patients. Within the CD8+ T cell compartment lower percentages of IFN-y 
producingg cells were found as well. IL-4 positive CD8+ T cells were only detectable in 2 
SLEE patients and 3 healthy controls. 

PhenotypicPhenotypic analysis of T cells in patients and controls 
Too determine whether the decreased percentage of IFN-y producing cells could be 
explainedd by the differentiation state of T cells in SLE patients, phenotyping for the 
differentiationn antigens CD45RA, CD95 and CD27 was performed with simultaneous 
analysiss of CD4 and CD8 expression. After gating for CD4+ and CD8+ cells, percentages 
off  "naive" CD45RA+ CD95-, CD45RA+CD95+ and "memory" CD45RA-CD95+ cells 
weree not different between SLE patient and healthy controls. However significant lower 
percentagess of terminally differentiated CD4+CD27- cells were found in SLE patients than 
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inn healthy controls (table 2). The percentage of CD27- cells however was not different for 
CD8++ cells. 

DifferentiationDifferentiation of Type-1 cells in vitro 
Too investigate whether peripheral blood T cells of SLE patients were able in vitro to 
enhancee IFN-y (type 1) production after prolonged activation, mononuclear cells of 
patientss and controls were cultured in vitro in the presence and absence of recombinant IL-
122 (table 3). After four days of culture still lower percentages of IFN- y producing 
cellss were found in SLE patients in both CD8- and CD8+ subsets. However in the presence 
off  exogenous IL-12 no significant difference between SLE patients and controls could be 
foundd any more after 4 days. 

ProductionProduction of monokines in whole blood 
Sincee the capacity to differentiate in type-1 cells of SLE peripheral blood T cells seems to 
bee normal in the presence of IL-12, low IFN-y production could be caused by a diminished 
productionn of IL-12 or an overproduction of IL-10 which is antagonizing IL-12. Therefore 
wee investigated whether the capacity of T cells to produce IFN-y was related to the capacity 
too produce IL-12 or IL-10 in these SLE patients. Diluted whole blood was stimulated with 
LOSS and production of the cytokines IL-12 (p40), IL-10 and IL-6 was determined in he 
supernatantt after 24 hours. As presented in table 4, no significant differences were found 
forr either of these cytokines between SLE patients and controls nor did they correlate with 
IFN-yy production. 

Tablee 2. Percentages of cells positive for differentiation markers in the 
peripherall  blood of SLE patients and matched healthy controls 

CD4+CD4+ CD8+ 
Mediann Range Median Range 

SLE E 
Controls s 

SLE E 
Controls s 

SLE E 
Controls s 

SLE E 
Controls s 

CD45RA+CD95--

CD45RA+CD95+ + 

CD45RA-CD95+ + 

CD27--

50.3 3 
40.3 3 

14.0 0 
17.1 1 

23.6 6 
40.3 3 

2.1 1 
6.7* * 

24.9 9 

5.11 -

6.7--

9.7--

16.9 9 

17.7 7 

1.6--

1.8--

-- 75.7 

70.3 3 

39.5 5 

22.4 4 

-42.4 4 

-75.0 0 

10.0 0 

14.0 0 

43.8 8 
52.2 2 

45.7 7 
32.5 5 

11.4 4 
14.3 3 

8.3 3 
9.1 1 

20.6 6 

10.1 1 

21.7 7 

13.6 6 

1.6--

2.6--

1.3--

2.7--

-74.6 6 

-83.4 4 

-59.5 5 

^56.8 8 

19.7 7 

32.5 5 

31.3 3 

22.2 2 

**  p<0.05 by Mann-Whitney test for SLE vs. controls 
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Tablee 3. Percentage of IFN-y positive cells in cultured PBMC stimulated with anti-CD3 
andd anti-CD28 antibodies in the absence or presence of IL-12 for 4 days 

CD4+CD4+ CD8+ 
Mediann range Median range 

Medium Medium 

IL-12 IL-12 

SLE E 
Controls s 

SLE E 
Controls s 

12.3 3 
19.8* * 

43.5 5 
55.6 6 

6.99 - 22.5 

12.8-43.9 9 

26.7-62.1 1 

39.0-61.9 9 

25.5 5 
48.7* * 

62.4 4 
77.4 4 

11.7-60.1 1 

24.33 - 72.9 

39.22 - 86.4 

69.00 - 93.2 

*p<0.055 with the Mann-Whitney test for SLE vs. Controls 

Tablee 4. Production of monokines by LOS 
stimulatedd wholeblood of SLE patients and 
healthyy matched controls 

Mediann Range 

SLEE IL-10 
Controls s 

SLEE IL-12 (p40) 
Controls s 

SLEE IL-6 
Controls s 

141 1 
81 1 

414 4 
574 4 

1711 1 
1548 8 

4-403 3 

1-221 1 

100-2490 0 

122 - 952 

9622 - 5407 

1-5168 8 

Discussio n n 

Inn the pathogenesis of SLE a dysbalance in the type-l/type-2 T cells is suggested. In the 
peripherall  blood of SLE patients decreased IFN-y production has been documented in 
previouss reports8"10 suggesting a Th2 dominance in the pathogenic process. We here 
confirmm these results in patients with low disease activity, both in the CD8- and CD8+ T 
celll  compartments. Although three SLE patients were taking immunosuppressive drugs 
thesee were not responsible for this finding. It has been suggested that the lower percentage 
off  IFN-y producing T cells in the circulation of SLE could result from low production of 
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IL-1210'2l~23orr by overproduction of by 1L-I0813!4'23"25during active disease. IL-10 is a well-
knownn downregulator of IL-12 p40 production26'27. In our patient group, with low disease 
activity,, both IL-10 and IL-12 p40 production as well as their ratio were not different in 
comparisonn with healthy controls. In addition no significant correlation was observed 
betweenn IL-12 p40, IL-10 production or their ratio and Thl/Th2 ratio measured. This 
suggestss that the lower percentage of IFN-y producing T cells in these patients is not caused 
byy an ongoing altered production of IL-12 or IL-10. However, it could that during periods 
off  disease activity high production of IL-10 can interfere with the development of type-1 T 
cells. . 

Bothh IFN-y and IL-4 are produced by differentiated "memory" (CD45RA-
CD45RO+CD95+)) T cells. SLE patients are reported to have a higher proportion of 
memoryy type T cells than healthy controls especially during active disease28. Therefore the 
observationn of low percentage of IFN-y could be due to low percentages of memory T cells. 
Phenotypicc analysis however showed that SLE patients in this study had no significant 
differentt proportion of CD45RA- T cells in both CD8- and CD8+ compartments than 
healthyy controls, probably due to low disease activity. Neither were any differences found 
inn CD95+ cells between patients. This was a surprising observation since CD4+CD45RA+ 
cellss in Japanese SLE patients are reported to be CD95 positive29. This discrepancy could 
bee caused by a selection of different patients considering that we found high percentages of 
CD45RA+CD95++ cells in a patient with primary Sjogren syndrome (data not shown). 

Despitee normal percentages of memory typed cells, significant lower percentages of 
CD4+CD27-- cells were found in SLE patients. CD4+CD27- cells are highly differentiated 
sincee they are generated after prolonged stimulation of CD4+CD45RO+CD27+ cells in 
vitro20,30.. Within the CD4+CD27- subset more IFN-y and IL-4 producers are found than in 
thee CD4+CD27+ subset31. Lower percentages of CD4+CD27- cells in this patient group 
couldd therefore suggest that CD4+ cells in inactive SLE patients are less differentiated than 
thatt of healthy controls and could explain the low percentages of IFN-y producing cells. 
Bothh with respect to homing receptor and chemokine receptor expression CD4+CD27- T 
cellss are distinct from recirculating CD4+CD45RO+CD27+ memory T cells32. Therefore 
thee low abundance of CD4+CD27- T cells in the circulation of SLE patients could be 
comparablee with an increased representation of these cells in affected tissue. 

Althoughh there is a Thl deficiency in the peripheral blood of SLE patients in murine SLE 
studiess it has been shown that there is a local production of IL-12 in the kidney33 and that 
IFN-yy can accelerate the development of clinical symptoms34. This suggests that the local 
inductionn of type-1 cells can be involved in the development of the process of tissue 
damagee in SLE. Since the IFN-y deficient T cells in the circulation of SLE patients are not 
differentiatedd into type-2 effector cells as shown here by normal percentages of IL-4 
producingg cells, the capacity to produce IFN-y after they leave the circulation could be 
importantt for a local Thl dominated reaction. In this study we could demonstrate that after 
prolongedd stimulation in vitro, the increase in IFN-y producing cells is still lower in SLE 
patientss than in healthy controls. However activation in the presence of IL-12 achieves 
percentagess of IFN-y producing CD8+ and CD8- T cells that are not significantly different 
betweenn SLE patients and healthy controls. 
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Conclusio n n 

Loww IFN-y production by mononuclear cells of SLE patients in vitro is often explained by 
thee hypothesis that T cells are exhaustingly stimulated in vivo. Our results suggests that 
peripherall  blood T cells in SLE despite low production of IFN-y can be induced to yield 
higherr percentages of IFN-y when activated in an IL-12 rich environment. Therapeutic use 
off  IL-12 might therefore result in an increase in IFN-gamma producing cells in the 
peripherall  blood. However it could on the other hand amplify a localized type-1 response 
leadingg to increased tissue damage in affected organs. 
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Abstrac t t 

Ankylosingg spondylitis (AS) is an HLA-B27 related autoimmune disease in which T cells 
aree believed to play a role in the pathogenesis. Since the balance between type-1, IFN-
gammaa producing, and type-2, IL-4 producing, T cells is believed to be involved in the 
developmentt of autoimmunity, these two cell types were determined in the peripheral blood 
off  AS patients. 

Methods:: Percentages of IFN-y and IL-4 producing CD4+ and CD8+ T cells were 
determinedd after short stimulation in vitro and subsequently intracellular staining and 
flowcytometricc analysis. Next to this, the differentiation state of the peripheral T cells was 
evaluatedd and related to clinical data. 

Results:: In AS patients no significant differences were found in IFN-y and IL-4 producing 
peripherall  blood T cells or in their ratio as compared to age- and sex matched healthy 
controls. . 
Withinn the CD4+ T cell subset AS patients showed a higher percentage of IL-2 producing 
cellss and a lower percentage of differentiated CD27- cells. The percentage of IL-2 
producingg cells was related to disease severity as determined by the Bath Ankylosing 
Spondylitiss metrology index (BASMI), but not to erythrocyte sedimentation rate or disease 
duration. . 

Conclusion:: The balance in type-1 and type-2 T cells is not altered in peripheral blood of 
ASS patients. CD4+ T cells of AS patients contain higher percentages of IL-2 producing 
cellss which is correlated to disease severity. 

Introductio n n 

Ankylosingg spondylitis (AS) is one of the spondylathropathies and is characterized by 
arthritiss of the sacroiliac joints and the spinal ligaments, ascending spinal stiffening and 
spinall  ligament calcification. Peripheral arthritis, enthesitis and extra-articular 
manifestations,, including, pulmonary, cardiac and ocular involvement can be found as well. 
Clinicallyy the disease can vary from intermittent episodes of back pain to severe chronic 
diseasee leading to progressive spinal restriction. 
Ankylosingg Spondylitis is like other spondylathropathies strongly associated with the 
presencee of HLA-B271. Since the primary function of this molecule is to present antigenic 
peptidess to CD8+ T cells, researchers have focused on HLA-B2 7 restricted cytotoxic 
T-cells.. CD8+ clones directed against arthritogenic bacteria, viral peptides or peptides 
derivedd from the HLA-B27 molecule itself have been described in AS patients2"4. 
Alternativelyy CD4 positive T lymphocytes have been implicated in the pathogenesis as they 
cann directly react with HLA B275. 
Involvementt of T cells has been suggested in the development of different autoimmune 
diseasess and multiple abnormalities have been described in T cell phenotypes and cytokine 
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profiles.. Previously we have shown that the balance between type-1 en type-2 T cells in the 
peripherall  blood rheumatoid arthritis is not significantly different from healthy controls , 
whilee in the peripheral blood of systemic lupus erythematosus patients there are 
significantlyy less T cells with a type-1 phenotype7. To make a comparison with RA and 
SLE,, in this study percentages of different T cells were estimated in the peripheral blood of 
ASS patients. This was done by analyzing expression of membrane differentiation markers 
ass well as cytokine production capacity of CD4+ and CD8+ T lymphocytes. 

Material ss  and method s 

StudyStudy population. Peripheral blood from 20 patients with AS as defined by the modified 
New w 
Yorkk criteria8 and healthy controls was obtained in heparinized tubes and diluted in 
phosphatee buffered saline (PBS) containing 10% fetal calf serum (FCS) and 5% 
trisodiumcitrate.. Mononuclear cells were isolated by density centrifugation on a Ficoll-
Hypaquee gradient (d=1.079). Cells were suspended in Iscove 's modified Dulbecco 's 
mediumm (IMDM ) containing 30% FCS and 10% dimethylsulphoxide and stored in liquid 
nitrogenn until use. 

IntracellularIntracellular staining technique. Cells positive for IFN-y, IL-4 and IL-2 were determined 
byy flowcytometry. In short, mononuclear cells were stimulated with 1 ng phorbol mystirate 
acetatee (PMA) (Sigma chemicals) and luM Ionomycin (Sigma chemicals). 1 p.M Monensin 
(Sigmaa chemicals) was added to prevent excretion of the newly synthesized cytokines. 
Afterr 4 hours of incubation at 37°C cells were stained with FITC-anti T cell receptor a/(3 
andd PerCP-anti CD8 monoclonal antibodies (mAb) (both Becton and Dickinson, Mountain 
View,, CA). Cells were fixed with 4% paraformaldehyde. Cells were stored overnight in 
PBSS at 4°C. Permeabilisation of the cells was done with 0.1% saponin supplemented with 
10%% pooled human serum (HPS) to block aspecific binding of mAb. Directly phycoerythrin 
(PE)) labeled anti-IFN-y, anti-IL-4, anti-IL-2 mAb and a negative control mAb (all Becton 
Dickinson)) were diluted in PBS/BSA/Saponin to a concentration of 5 ug/ml and added to 
thee cells in aliquots of 50ml for 25 minutes at 4°C. 
Cellss were analyzed on a FACScan (Becton Dickinson). IFN-y and IL-4 containing CD8-
andd CD8+ T cells were identified by gating for TCR a/p postivity and setting a marker 
usingg the sample containing the negative control antibody. Cytokine producers were 
expressedd as percentages of TCRa/p +CD8- and TCRa/p+CD8+ T cells. 

DeterminationDetermination of differentiation antigens on peripheral blood T cells. 
Threee color flowcytometric analysis was performed on 0.2 million freshly isolated 
mononuclearr cells with combinations of anti CD95-FITC (Immunotech), anti CD45RA 
(2H4,, Coulter), anti CD27-FITC (3A12, CLB, Amsterdam, The Netherlands), anti CD4-
PerCPP and anti CD8-PerCP (both Becton Dickinson) in 100 ul PBS/0.05% BSA. Cells 
weree incubated for 20 minutes at 4°C. 
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Result s s 

ClinicalClinical features 
200 patients with AS, recruited from the Jan van Breemen Institute (Amsterdam, The 
Netherlands)) and matched healthy controls selected from a donor pool of laboratory 
workerss were included in this study. On withdrawal of blood the Bath Ankylosing 
Spondylitiss Metrology Index (BASMI)9 was determined to obtain data referring to 
restrictionn of the joints. The Bath Ankylosing Spondylitis Patient Global Score (BAS-G)10 

wass determined to get a parameter for disease activity since this score reflects the effect of 
ASS on the patient's well-being relative to the last six months. BASMI and BAS-G were 
availablee for 14 patients. None of the patients had signs of peripheral arthritis. Clinical data 
off  the patients included in the study are presented in Table 1. No cytotoxic drugs or steroids 
weree used; twelve patients took nonsteroidal anti-inflammatory drugs. 

Tablee 1. Clinical data of ankylosing spondylitis 
patientss participating in this study 

MedianMedian (range) 
Genderr 18 male, 2 female 
Agee 48 (35-66) years 
ESRR 22 (2-64) mm 
Diseasee duration 20 (4-45) years 
BASMII 4 (0.4-7) 
BAS-GG score 0 (-3.5 - 7) 

QuantitationQuantitation of cytokine positive T lymphocytes 
Percentagess of IFN-gamma and IL-4 positive T cells and their ratio in the peripheral blood 
weree determined for CD4+ and CD8+ cells after short stimulation ex vivo. No significant 
differencesdifferences were found for these subsets between AS patients and healthy controls. 
Howeverr the percentage of IL-2 positive cells was significantly higher in the AS patients 
butt only for CD4+ cells (Table 2) 
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Tablee 2. Median percentages of cytokine positive cells in the peripheral blood of 
ankylosingg spondylitis (AS) patients and healthy controls 

ASS patients Healthy controls 
MedianMedian Range Median Range 

CD4+ CD4+ 

CD8+ CD8+ 

IFN-y y 
IL-4 4 

IL-2 2 
IFN-yy /IL-4 

IFN-y y 

IL-4 4 
IL-2 2 

IFN-yy /IL-4 

11.9 9 
5.3 3 

18.8* * 

3.4 4 

24.3 3 
4.1 1 

17.8 8 
7.4 4 

7.1-30.6 6 
1.9-15.2 2 

9.2-31.2 2 

1.6-6.0 0 

8.4-53.9 9 

0.8-22.3 3 

8.4-60.0 0 
1.4-34.0 0 

13.5 5 
5.0 0 
13.7 7 

3.0 0 

20.3 3 
4.3 3 

18.7 7 
7.3 3 

5.9-21.3 3 
2.8-7.9 9 

5.8-17.3 3 
1.5-8.5 5 

12.8-36.8 8 

0.4-9.8 8 
15.4-27.7 7 
2.4-29.0 0 

**  Significantly different from healthy controls p=0.02 (Mann-Whitney) 

PhenotypicPhenotypic analysis of T cells inpatients and controls 
Phenotypingg for the differentiation antigens CD45RA, CD95 and CD27 was performed 
withh simultaneous analysis of CD4 and CD8 expression. After gating for CD4+ and CD8+ 
cells,, the percentages of primed "memory" typed cells as determined by CD45RA 
negativityy or CD95 positivity, were not different between AS patient and healthy controls. 
Howeverr significant lower percentages of terminally differentiated CD4+CD27- cells were 
foundd in AS patients compared to healthy controls (Table 3). The percentage of CD27- cells 
howeverr was not different for CD8+ cells. 
Too investigate whether the abnormal distribution of CD27-negative and Il-2-positive CD4 T 
lymphocyteslymphocytes in the peripheral blood of AS patients was related to clinical parameters, 
Spearmann Rank correlations were calculated between them in 14 patients. As shown in 
Tablee 4 the percentage of CD27 negative cells was not correlated to any of the parameters 
investigated,, while a significant correlation could be found between the BASMI and the 
percentagee of IL-2 positive CD4 T lymphocytes (see also figure 1). No correlation with the 
BAS-GG score was found. This might suggests that high percentages of IL-2 producers are 
relatedd to disease progression rather than activity. 
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Tablee 3 Median percentages of cells expressing differentiation markers within peripheral 
bloodd T cells of ankylosing spondylitis (AS) patients and healthy controls 

ASS patients Healthy controls 
MedianMedian Range Median Range 

CD4++ %CD45RA- 36.4 24.2-53.7 41.2 22.5-60.8 

%CD27-- 9.8*  4.0-18.5 13.3 9.5-26.6 
%CD95++ 52.0 41.2-59.6 45.9 38.8-50.3 

CD8++ %CD45RA- 18.6 6.2-28.9 20.0 7.3-32.1 
%CD27-- 16.0 9.9-24.3 20.1 12.0-36.3 
%CD95++ 27.6 24.7-42.6 28.8 20.2-45.0 

**  Significantly different from healthy controls p<0.05 (Mann-Whitney) 

Tablee 4 Spearman-Rank correlation coefficients between CD4 cell 
phenotypee and clinical parameters of ankylosing spondylitis patients 

BASMI I 
BAS-G G 
ESR R 
Diseasee duration 

CD4posCD27neg g 

Correlation n 

-0.21 1 
-0.12 2 
-0.04 4 
-0.01 1 

P P 
0.15 5 
0.65 5 
0.89 9 
0.96 6 

CD4CD4posposIL2 IL2 
Correlation n 

0.63 3 
-0.35 5 
0.46 6 
0.26 6 

50S S 

P P 
0.02* * 
0.21 1 
0.10 0 
0.36 6 

**  Significantly different from healthy controls p<0.05 (Mann-Whitney) 
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Figg 1. Correlation between the percentages of IL-2 positive 
CD4++ T lymphocytes in the peripheral blood of ankylosing 
spondylitiss patients and the Bath Ankylosing Spondylitis 
Metrologyy Index. R= Spearman-Rank correlation coefficient 

Discussio n n 

Thee balance in cytokine producing T cells is believed to play a role in the initiation and 
persistencee of autoimmunity. In the synovium of arthritis patients predominantly type-1 
interferon-gammaa producing T cells can be found while type-2 IL-4 producing cells are 
sporadic1112.. Ankylosing spondylitis is one of the spondylarthropaties in which it has been 
shownn that although interferon-gamma producing T cells are dominant in the synovium the 
ratioratio between interferon and IL-4 is lower as compared with rheumatoid arthritis13'14. 
PreviouslyPreviously we found no difference in the ratio between type-1 and type-2 T cells in the 
peripherall  blood of rheumatoid arthritis patients compared to healthy controls6. In this study 
wee do not find significant alterations in the peripheral blood Thl/Th2 ratio in ankylosing 
spondylitiss patients either. This could mean that a relative lower type-1/type-2 ratio in the 
synoviumm of spondylarthopathy in comparison with RA is not resulting from a lower type-
1/type-22 set point but could result from distinct migration of primed T cells to the synovium 
possiblyy as a result from expression of certain homing receptors or chemokines. 
Alternatively,, excess type-1 promoting factors in the rheumatoid synovium like IL-12 and 
IL-188 can be an additional explanation for the high Thl/Th2 ratio in RA. Possibly these 
factorr are less abundantly expressed in the AS synovium15. 

Inn contrast to the typical type-1 and type-2 cytokines we found a significant higher 
percentagee of IL-2 producing CD4+ cells in SA patients than in healthy controls . It has 
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beenn published that in the synovium of spondylarthropathy patients in contrast to 
rheumatoidd arthritis synovium both messenger RNA as well as IL-2 protein can be 
found1617.. Since we could not find a significant difference in IL-2 producing cells in the 
peripherall  blood of rheumatoid arthritis patients compared with matched healthy controls 
(unpublishedd results), IL-2 producing CD4+ T lymphocytes might be participants in the 
pathogenicc process of ankylosing spondylitis. The finding that the percentage of IL-2 
producingg CD4+ cells was correlated to the BASMI may be taken in support of this. We 
didd not find a correlation with the BAS-G or erythrocyte sedimentation rate (ESR). Since 
thee BASMI is measuring the mobility of the spine and is largely dependent on disease 
progressionn while the BAS-G an ESR are more related to disease activity, it might be that 
thee presence of high percentages of IL-2 positive CD4+ cells correlates with more severe, 
progressivee disease. 

Ass we have found previously in systemic lupus erythematosus (SLE) (chapter 3), AS 
patientss had a lower percentage of CD27- CD4 T cells. CD27- CD4+ cells are 
differentiatedd effector cells and are formed from CD4+CD27+ cells by prolonged 
stimulation1819.. Since differentiation of CD4+CD27+ into CD27- cells is coinciding with 
thee loss of IL-2 producing capability, high IL-2 production in AS patients could also reflect 
ann impaired ability to generate CD4+ CD27- cells. Why this would predispose to the 
developmentt of AS is not clear at this moment. It has recently been shown that 
CD4+CD27-- cells can execute cytolysis20 therefore a shortage of CD4+CD27- cells could 
resultt in an inability to deal with intracellular bacteria resulting in chronic infection. 
Alternativelyy cytolytic CD4+ cells may be involved in terminating immune responses by 
removingg activated antigen presenting cells, this may also contribute to the pathogenesis of 
AS. . 
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TREATMENTT WITH MONOCLONAL ANTI-TUMOR NECROSIS FACTOR 
aa ANTIBODY RESULTS IN AN ACCUMULATION OF Thl CD4 + 

TT CELLS IN THE PERIPHERAL BLOOD OF PATIENTS WITH 
RHEUMATOIDD ARTHRITIS 

MADELONN M. MAURICE, WIEBO L. VAN DFR GRAAFF, ANGELA LEOW, FERDINAND C. BREEDVELD, 
RENEE A. W. VAN LIER, and CORNELIS L. VERWEIJ 

Objective.Objective. In rheumatoid arthriti s (RA), treat-
mentt  with tumor necrosis factor  a (TNFa) binding 
agentss has proven to be highly effective. Down-
regulationn of the proinflammator y cytokine cascade and 
aa reduced migration of leukocytes into the joints have 
beenn proposed as modes of action of TNFa blockade. We 
investigatedd whether  alterations in the number  of cir-
culatingg pro- and antiinflammator y T cell subsets con-
tribut ee to the therapeutic effect of monoclonal antibod-
iess (mAb) against TNFa in RA patients. 

Methods.Methods. Phenotypic analysis of peripheral blood 
TT cell subsets was performed on blood from RA patients 
beforee and after  treatment with an anti-TNFa mAb. 

Results.Results. An accumulation of primed CD45RA— T 
cellss of both the CD4+ and the CD8+ T cell population 
wass seen shortly after  treatment. Most notably, within 
thee CD4+.CD45RA- T cell subset, the number  of 
interferon-y-producin gg T cells was significantly in-
creasedd after  anti-TNFa mAb treatment, resulting in a 
significantt  rise in the Thl:Th 2 ratio. In addition, an 
increasee in the number  of CD4+ T cells expressing the 
homingg receptor  CD49d in high density was observed 
afterr  treatment, which correlated positively with the 
increasee in the Thl:Th 2 ratio. 

Conclusion.Conclusion. We show that the Thl:Th 2 ratio in 
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thee peripheral blood is raised by anti-TNFa mAb 
treatment. . 

Rheumatoidd arthritis (RA) is associated with a 
chronicc inflammation of peripheral joints and, ulti-
mately,, the destruction of joint structures. The patho-
genicc events that lead to the development of RA have 
nott yet been clarified, but an immunopathogenic com-
ponentt has been strongly implicated. Immunohistologic 
examinationss of RA tissues revealed an infiltration of 
thee joints with high numbers of mononuclear cells and a 
local,, sustained overproduction of proinflammatory cy-
tokiness such as interleukin-1 (IL-1), IL-6, IL-8, 
granulocyte-macrophagee colony-stimulating factor 
(GM-CSF),, and tumor necrosis factor (TNF) (1). In the 
searchh for agents that interrupt the immunologic cas-
cadee in RA, the effects of administering monoclonal 
antibodiess (mAb) against cell surface molecules and 
solublee mediators of inflammation have been studied 
extensivelyy (2-17). Extremely promising results have 
beenn reported from randomized, placebo-controlled, 
clinicall  studies in which RA patients were treated with 
eitherr a chimeric fusion protein of a murine anti-TNFa 
mAbb and a human IgGl-Fc (cA2) (5) or with a recom-
binantt human TNFa receptor (p75)-Fc fusion pro-
teinn (18). 

Thee rationale for blockade of TNFa was based 
uponn several observations that point to a key role of 
TNFaa in the pathogenesis of RA. High concentrations 
off  TNFa were found in synovial fluid, synovial fluid 
cells,, and synovial tissue specimens of patients with RA 
(19-21).. Moreover, injection of TNFa in animals re-
sultedd in a transient synovitis with infiltration of lympho-
cytes,, monocytes, and neutrophils in the joint cavity 
(hypotheticallyy mediated by TNFa-induced up-
regulationn of adhesion molecules such as intercellular 
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adhesionn molecule 1, vascular cell adhesion molecule 1 
[VCAM-1] ,, and endothelial leukocyte adhesion mole-
culee 1, and by local induction of chemotactic factors such 
ass IL-8) (for review, see ref. 22). Monoclonal antibodies 
againstt TNFa were observed to diminish the production 
off  IL-1 and GM-CSF by synovial cells in vitro (23), and 
too ameliorate synovial hyperplasia and joint destruction 
inn the collagen-induced arthritis model in DBA/1 mice, 
evenn after onset of arthritis (24). 

Thee beneficial effect of anti-TNFa mAb admin-
istrationn in RA patients has been attributed to down-
regulationn of cytokine activity and to the reduction of 
leukocytee trafficking to the joints, the latter being based 
onn observations such as reduced expression of adhesion 
moleculess on synovial endothelium, reduced cellularity 
off  joints, and lymphocytosis in the peripheral blood of 
RAA patients after treatment with anti-TNFa mAb (for 
review,, see ref. 25). 

Wee postulated that alterations in pro- and anti-
inflammatoryy T cell subsets could contribute to the 
clinicall  effect of anti-TNFa mAb treatment. Depending 
uponn the set of lymphokines that is secreted, T cells can 
bee divided into discrete effector populations. Human 
CD44 + T cells that secrete interferon-y (IFNy) and 
TNFfii  and are involved in cell-mediated immunity are 
calledd Thl responders, and CD4+ T cells that secrete 
IL-44 and mediate humoral responses are called Th2 
responderss (26-28). These polarized sets of lympho-
kiness exert mutual cross-regulatory or inhibitory effects 
(29).. In organ-specific autoimmunity, the activation of 
proinflammatoryy Thl cells and/or the insufficient coun-
terbalancee by Th2 cells is believed to be important in the 
developmentt of disease and to correlate with tissue 
injuryy (30,31). In the present study, we analyzed the 
effectss of anti-TNFa mAb on phenotypic and func-
tionall  characteristics of peripheral blood T cells in RA 
patients. . 

PATIENTSS AND METHODS 

Patientss and cells. Seventeen patients with severe RA 
weree recruited from our outpatient clinic (4 men and 13 
women,, median age 56 years, range 41-74). Patients fulfilled 
thee criteria of the American College of Rheumatology (for-
merly,, the American Rheumatism Association) for the diag-
nosiss of RA (32), had a minimum disease duration of 6 
months,, a history of unsuccessful treatment with a 1 disease-
modifyingg antirheumatic drug, and radiographic evidence of 
erosivee disease of hands and feet. Further inclusion and 
exclusionn criteria have been described previously (5). 

AA human/murine chimeric mAb of IgGlK isotype 
(cA2)) (Centocor, Malvern, PA) is specific for human TNFa. 
Thee construction and characterization of cA2 has previously 

beenn described (33). The antibody was supplied as a sterile 
solutionn containing 5 mg/ml of cA2 in phosphate buffered 
salinee (PBS) containing 0.01% polysorbate 80 (pH 7.2). 

Onn the day of entry, patients were admitted to the 
hospitall  and randomly assigned to 1 of 3 treatment groups (6 
patientss per group). The first group received a single infusion 
off  placebo (0.1% human serum albumin in the same buffer as 
describedd above). The other 2 groups each received 1 infusion 
off  cA2, either 1 mg/kg (low dosage) or 10 mg/kg (high dosage). 

Att several time points during treatment, starting on 
dayy 0, heparinized blood was obtained. Peripheral blood 
mononuclearr cell (PBMC) fractions were isolated from hepa-
rinizedd blood by Ficoll-Hypaque density gradient centrifuga-
tionn and were cryopreserved immediately. To minimize inter-
assayy variability, samples from individual patients from all time 
pointss were analyzed in 1 experiment. 

Membranee phenotyping. PBMC were washed twice 
withh PBS supplemented with 0.5% bovine serum albumin 
(BSA)) and sodium azide (5 fig/ml). Immunofluorescence 
stainingg was performed by incubation of PBMC with saturating 
amountss of combinations of the following mAb in PBS/BSA: 
CD4-- or CD8-peridin chlorophyll protein (PerCP) (Becton 
Dickinson,, San Jose, CA), CD27-fluorescein isothiocyanate 
(FITC)) (CLB-27/3; Central Laboratory of the Red Cross 
Bloodd Transfusion Service [CLB], Amsterdam, The Nether-
lands),, and CD45RA-phycoerythrin (PE) (2H4-RD1; Coulter. 
Miami,, FL). Stained cells were washed twice and 104 viable 
lymphocytess were analyzed using a fluorescence-activated cell 
sorterr (Becton Dickinson). Percentages of positive cells of each 
subsett were calculated. Absolute cell numbers were found by 
determiningg the percentage of CD4+ and CD8+ cells within 
thee lymphocyte gate (defined by forward and sideward scatter) 
andd by counting of absolute numbers of lymphocytes. 

Floww cytometric measurement of intracellular cytokine 
production.. Measurement of cytokine-producing cells was 
performedd as previously described (34,35). Briefly, 0.5 x 10fi 

cells/mll  were stimulated for 4 hours with phorbol myristate 
acetatee (1 ng/ml) and ionomycin (1 JAM) in the presence of the 
protein-secretionn inhibitor monensin (1 fiM). All subsequent 
stepss were performed at 4°C. After cell surface staining with 
CD4-PEE or CD8-PE combined with CD45RA-FITC (Becton 
Dickinson),, cells were washed twice with PBS and fixated for 5 
minutess with PBS/4% paraformaldehyde. Fixation was fol-
lowedd by permeabiiization for 10 minutes with PBS/0.1% 
saponinn (Sigma. Zwyndrecht, The Netherlands)/10% human 
pooledd serum. PBS/0.1% saponin/0.5% BSA was used for all 
subsequentt washing and incubation steps. Staining of the 
cytokiness with 5 ju.g/ml biotinylated anti-IL-4 mAb (Hölzel 
Diagnostika,, Cologne, Germany) or biotinylated anti-IFN? 
mAbb (MD1; gift from Dr. P. van der Meiden, Biomedical 
Primatee Research Center, Rijswijk, The Netherlands) for 60 
minutess was followed by incubation with streptavidin-RED670 
(Gibcoo BRL, Breda. The Netherlands) for 60 minutes. Ana-
lysiss was performed as described for the measurement of 
membranee markers. 

Determinationn of adhesion molecules on Thl and Th2 
cells.. CD4+ cells (>97% CD3 + .CD4 + ) of 3 healthy donors 
weree obtained by incubating PBMC with saturating amounts of 
CD8.. CD19. CD16, and CD14 mAb (CLB), followed by 
positivee depletion using goat anti-mouse Ig-coupled Dynal-
beadss (Dynal, Oslo, Norway) as previously described (36). 
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Tablee 1. Peripheral blood counts of lymphocytes, CD4 + . and CD8̂  
monoclonall  anti-tumor necrosis factor a (anti-TNFa) antibody* 

TT cell subsets in rheumatoid arthritis patients before and after treatment with 

Lvmphocvtes s 
Dayy 0 ' 
Davv 3 

C D 44 + 
Dayy Ü 
Dayy 3 

C D 44 + . C D 4 5 R A + 
Dayy 0 
Dayy 3 

C D 44 + . C D 4 5 R A -
Dayy 0 
Dayy 3 

C D 4 + . C D 4 5 R A --
Dayy Ü 
Dayy 3 

C D 88 + 
Dayy 0 
Dayy 3 

. C D 2 7 --

C D 88 + .CD45RA+ .CD27 + 
Dayy 0 
Dayy 3 

C D 88 + . C D 4 5 R A + . C D 2 7 -
Dayy 0 
Dayy 3 

C D 88 + . C D 4 5 R A -
D a v O O 
Dayy 3 

C D 88 + . C D 4 5 R A -
Dayy 0 
Dayy 3 

,CD277 + 

. C D 2 7 --

Treatment t 

Median n 

1,320 0 
2,540+ + 

549 9 
917+ + 

176 6 
296t t 

319 9 
692t t 

28 8 
49t t 

243 3 
488t t 

55 5 
85t t 

37 7 
49 9 

88 8 

205t t 

20 0 
39 9 

wi thh anti-TNFa 

SD D 

656 6 
585 5 

315 5 
364 4 

129 9 
229 9 

228 8 
242 2 

100 100 
168 8 

400 0 
356 6 

56 6 
105 5 

179 9 
156 6 

62 2 
94 4 

166 6 
111 1 

(nn = 11) 

Range e 

820-2.910 0 
1,300-3.000 0 

227-1.425 5 
501-1.647 7 

88-499 9 
114-567 7 

96-926 6 
290-1.016 6 

6-337 7 
8-602 2 

93-1.379 9 
137-1.165 5 

19-202 2 
43-308 8 

7-585 5 
1-492 2 

25-198 8 
50-319 9 

2-565 5 
3-349 9 

Treatmentt wi th placebo (n 

Median n 

1.675 5 
1.665 5 

631 1 
668 8 

254 4 
234 4 

420 0 
433 3 

87 7 
140 0 

387 7 
310 0 

55 5 
40 0 

46 6 
57 7 

110 110 
104 4 

78 8 
52 2 

SD D 

926 6 
972 2 

450 0 
315 5 

207 7 
127 7 

263 3 
192 2 

109 9 
65 5 

453 3 
323 3 

60 0 
30 0 

64 4 
48 8 

56.3 3 
71.5 5 

434 4 
299 9 

== 6) 

Range e 

810-3,040 0 
490-3,200 0 

188-1,441 1 
155-952 2 

70-548 8 
58-357 7 

118-894 4 
98-609 9 

22-292 2 
18-152 2 

166-1,377 7 
106-1.014 4 

21-150 0 
14-82 2 

7-585 5 
26-149 9 

44-190 0 
30-226 6 

16-1,025 5 
19-717 7 

**  Values are the number of cells x lO'Ylitcr, 
tt P < 0.05 by Wilcoxon's signed rank test. 

Afterr stimulation as described above, cells were stained with 
antibodiess against CD49d, CD29, CDlla, CDllb, CDllc, or 
CD2,, or with negative control and FITC-coupled goat anti-
mousee Ig (5 ng/m\) (all purchased from CLB). After blocking 
withh normal mouse serum (1:10), cells were fixed, permeabil-
ized.. and stained with anti-IL-4-PE (Becton Dickinson) and 
biotin-coupledd anti-IFN-y (MD-1) (Gibco BRL), and subse-
quentlyy with streptavidin-RED670 (Gibco BRL). 

Statisticall  analysis. Differences in the numbers of T 
celll  subsets and in the levels of cytokine production before and 
afterr therapy were calculated using Wilcoxon's signed rank 
test.. Correlations between increases in the Th]:Th2 ratio and 
thee Disease Activity Score (DAS) or the number of high 
CD49d-expressingg cells were analyzed by Spearman's rank 
correlation. . 

RESULTS S 

Anti-TNF aa treatment induces an increase in the 
numberr  of CD4+, CD45RA- T cells in the peripheral 
blood.. In accordance with previous findings (37,38), 
treatmentt with anti-TNFa resulted in an increase in 

lymphocytee numbers in the peripheral blood of RA 
patientss shortly after infusion (Table 1). Because previ-
ouss data as well as our own findings showed that the 
increasee in lymphocyte numbers was most pronounced 
shortlyy after infusion with anti-TNFa and correlated 
welll  with clinical benefit (37, 38), we decided to analyze 
thee alterations in circulating T cell subsets occurring 3 
dayss after infusion with anti-TNFa mAb in RA patients. 

Thee analysis of CD45RA expression on CD4+ T 
cellss (Table 1) revealed a significant increase in the 
absolutee number of both CD45RA+ (P = 0.018) and 
CD45RA-- (P = 0.006) cells at day 3 after infusion in 
thee group of anti-TNFa-treated patients, but not in the 
placebo-treatedd group. The increase in CD45RA- cells 
wass far more pronounced than the increase in 
CD45RA++ cells, leading to an increase in the percent-
agee of CD45RA— memory cells within the CD4+ T cell 
populationn after anti-TNFa mAb treatment. CD45RA-
memoryy CD4+ T cells can be further subdivided into 
CD27++ and C D 2 7- T cells, of which the latter subset 
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representss highly differentiated memory T cells that 
havee undergone prolonged antigenic stimulation (39). 
Despitee a significant increase in number (P = 0.033) 
(Tablee 1), the percentage of CD27— T cells within the 
CD4+,CD45RA—— population did not show significant 
changess after treatment. 

Thee number  of CD8+,CD45RA- T cells is in-
creasedd after  anti-TNFa treatment. Analogous to the 
behaviorr of CD4+ T cells, the number of CD45RA- T 
cellss within the CD8+ T cell subset increased signifi-
cantlyy after anti-TNFa therapy (P = 0.003) (Table 1). As 
aa consequence of the simultaneous increase in both 
CD4++ and CD8+ memory T cells, the CD4:CD8 ratio 
wass not affected by anti-TNFa therapy (not shown). 
CD8++ T cells can be subdivided into naive, memory, 
andd effector subsets based upon their CD45RA and 
CD277 expression pattern (40). As shown in Table 1, the 
numberr of both the naive CD45RA+.CD27+ and the 
memoryy CD45RA-,CD27+ subset of the CD8+ pop-
ulationn were significantly increased after treatment. How-
ever,, the rise in the number of CD8+,CD45RA-,CD27+ 
TT cells was greater than that of the CD8+,CD45RA+, 
D27++ T cells. Therefore, when calculated as a percent-
agee of the total CD8+ population, only the 
CD45RA-,CD27++ memory T cell population was sig-
nificantlyy increased (P — 0.026). 

Increasee of the Thl:Th 2 rati o of 
CD4+,CD45RA-- T cells in the peripheral blood after 
anti-TNFaa treatment. We next investigated whether 
anti-TNFaa mAb therapy alters the amount of differen-
tiatedd Thl and Th2 cells within the peripheral blood of 
RAA patients. Since the secretion of Thl and Th2 cyto-
kiness is largely confined to the CD45RA- subset of 
CD4++ T cells, the amount of IFN7- and IL-4-producing 
TT cells was analyzed within this subset. The numbers of 
bothh IL-4- and IFNy-producing CD4+,CD45RA- T 
cellss were significantly increased after anti-TNFa mAb 
treatment,, but not after placebo treatment. However, 
thee rise in IFNy-producing T cells was more pronounced 
thann the rise in IL-4-producing T cells, leading to a 
significantt increase in the Thl:Th2 ratio in the peri-
pherall  blood (P = 0.007) (Figure 1). 

Forr CD8+ T cells, the production of IFNy is not 
confinedd to the CD45RA— subset. Therefore, the numbers 
off  both IFNy- and IL-4-positive cells were calculated for 
thee total CD8+ T cell population. In contrast to the 
findingss for CD4+ T cells, the numbers of both IFNy- and 
IL-4-positivee cells, as well as their ratio, were not signifi-
cantlyy altered within the CD8+ subset after treatment with 
anti-TNFaa mAb (Table 2). 

Placebo o cA2 2 
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pp = 0.007 

tt (days) t (days) ) 

Figuree 1. Effects of anti-tumor necrosis factor a (anti-TNFa) treat-
mentt on the number of interferon-y ( I F N Y ) - a n t' interleukin-4 
(IL-4)-producingg cells. CD4+ T cells (X lOMiter) producing the Thl 
cytokinee IFN-y were significantly increased in number on day 3 after 
anti-TNFaa treatment (A). IL-4-producing CD4+ T cells increased in 
numberr more slowly (B), leading to a significantly increased IFN-y/ 
IL-44 ratio (C). Open squares represent patients who received 10 mg/kg 
off  chimeric anti-TNFa monoclonal antibody (cA2). Closed circles 
representt patients who received 1 mg/kg of cA2. 

Highh CD49d-expressing CD4+,CD45RA- T cell 
numberss are increased after  anti-TNFa mAb treatment. 
Thee selective accumulation of Thl-like cells in the 
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Tablee 2. Peripheral blood counts of interleukin-4 (IL-4)- and interferon-y (IFNy)-producing CD8+,CD45RA- T cells in rheumatoid arthritis 
patientss before and after treatment with monoclonal anti-tumor necrosis factor a (anti-TNFa) antibody* 

IL-4+.CD8+ + 
Dayy 0 
Dayy 3 

IFNy+,CD8+ + 
Dayy 0 
Dayy 3 

Treatmentt with anti-TNFa (n -

Median n 

16 6 
12 2 

83 3 
109 9 

SD SD 

23 3 
37 7 

309 9 
206 6 

== 11) 

Range e 

0-74 4 
0-106 6 

11-1,003 3 
15-617 7 

Median n 

22 2 
22 2 

119 9 
69 9 

Treatmentt with placebo (n 

SD D 

22 2 
16 6 

336 6 
126 6 

== 61 

Range e 

9-61 1 
0-38 8 

39-916 6 
36-363 3 

""  Values are the number of cells x 10 /liter. 

peripherall  blood could be explained by a therapy-
inducedd inhibition of homing of those cells to the 
inflamedd tissues. This assumption implies a different 
homingg pattern of Thl and Th2 cells, which could be 
reflectedd in a difference in the expression of adhesion 

molecules.. An important pathway in the migration of T 
cellss to inflamed peripheral tissues involves very late 
activationn antigen 4 (a4(31)/VCAM-l (41), and 
VCAM-11 expression in the synovia of RA patients is 
reducedd after anti-TNFa therapy (42). 
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Figuree 2. Comparison of the expression of adhesion molecules on 
IFNy-producingg Thl and IL-4-producing Th2 CD4+ T cells from 
healthyy individuals. The mean fluorescence intensity (MFI) for the 
differentt adhesion molecules was determined for IFNy+,IL-4- (Thl) 
andd IFNy-,IL-4+ (Th2) cells by flow cytometry. The difference in 
antigenn density between Thl and Th2 cells is expressed as the MFI 
Thl/MFII  Th2 ratio (mean and SEM of 3 donors) (A). After anti-TNFa 
treatment,, the percentage of CD49d high-expressing CD4+ T cells in 
thee peripheral blood of rheumatoid arthritis patients was increased and 
correlatedd significantly with the increase in the Thl/Th2 ratio (B). The 
alterationn in the percentage of CD29-expressing CD4+ T cells did not 
correlatee with the alteration in the Thl/Th2 ratio (C). See Figure 1 for 
otherr definitions. 

AA Th1/Th2 

c c 
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Too test whether CD49d (aA integrin) is important 
inn the homing of Thl T cells to the synovium, we first 
analyzedd the expression levels of CD49d and its associ-
atedd /3, chain, CD29, on the cell surface of Thl and Th2 
CD4++ T cells isolated from healthy individuals. In 
contrastt to CD29 and the other adhesion markers that 
weree analyzed, CD49d was expressed in markedly higher 
densityy on Thl cells when compared with Th2 cells 
(Figuree 2A). Next, we analyzed the expression levels of 
CD49dd and CD29 on CD4+,CD45RA- T cells in 6 RA 
patientss before and after treatment with anti-TNFa. In 
contrastt to CD29 (Figure 2C), the percentage of high 
CD49d-expressingg cells was increased after treatment 
and,, moreover, correlated significantly with the alter-
ationss in the Thl:Th2 ratio (P = 0.04) (Figure 2B). 

DISCUSSION N 

Thee present study analyzed the effects of anti-
TNFaa mAb treatment on the phenotypic and functional 
characteristicss of T cell subsets in the peripheral blood 
off  RA patients. A significant increase in the number of 
CD45RA-- memory T cells of both the CD4+ and the 
CD8++ T cell population was observed shortly after 
anti-TNFaa therapy, with a concomitant rise in the 
Thl:Th22 ratio of the CD4 + ,CD45RA- T cell popula-
tion,, but not of the CD8+ T cell population. These 
findingss indicate that the increase in peripheral blood T 
celll  numbers after anti-TNFa mAb therapy is mainly 
duee to an increase in CD45RA— memory T cells, which, 
withh respect to the CD4+ T cell subset, have a Thl-like 
phenotype. . 

Thee expression of adhesion molecules on the 
synoviall  endothelium and the density of synovial infil -
trationn of inflammatory cells were both found to be 
reducedd after anti-TNFa mAb treatment of RA patients 
(42).. It has been proposed that the diminished activation 
off  endothelial cells in the synovial microvasculature 
leadss to a decreased migration of leukocytes to the 
joints.. In accordance with this hypothesis, the rapid 
increasee of lymphocyte counts in the peripheral blood of 
treatedd patients correlated with clinical benefit (37,38). 

Inn the present study, we refined the model of the 
modee of action of anti-TNFa therapy by demonstrating 
thatt the increase in lymphocyte numbers is greater for Thl 
cellss than for Th2 cells. The data therefore are consistent 
withh the assumption that CD4+,CD45RA- Thl-like T 
cellss preferentially migrate to the inflamed tissue in the 
jointss of RA patients. In accordance with this, T cells 
isolatedd from synovium or synovial fluid of RA patients 
weree observed to predominantly express Thl cytokines 

(43,44),, and the selective homing of Thl cells, and not Th2 
cells,, into inflamed joints of mice was recently demon-
stratedd (45). Moreover, the present data confirm the 
findingg of an inverse relationship between serum TNFa 
levelss and the ratio of IFNy:IL-4 production of peripheral 
bloodd T cells (46). The finding of diminished migration of 
Thl-likee T cells into the inflamed tissues after anti-TNF» 
treatmentt is supported by the observed increase in the 
proportionn of high CD49d-expressing CD4+,CD45RA-
TT cells. In accordance with the finding that Thl cells 
expresss a markedly higher density of CD49d on the cell 
surfacee when compared with Th2 cells, the increase in the 
numberr of high CD49d-expressing CD4+ T cells in anti-
TNFa-treatedd patients correlated with the increase in the 
Thl:Th22 ratio. The rapid down-regulation of VCAM-1 in 
thee synovium (42) could therefore be an important factor 
forr inhibiting Thl cells from migrating into the synovium. 

Withinn the CD4+,CD45RA- T cell population, 
cellss that have lost the CD27 molecule from the cell 
surfacee represent highly differentiated memory T cells 
thatt can secrete considerable amounts of either IFN-y or 
IL-44 upon stimulation (39). No alteration in the percent-
agee of CD27- T cells within the CD4+,CD45RA-
populationn was observed. It could therefore very well be 
thatt both CD27+ and CD27- memory CD4+ T cells 
migratee equally well to the peripheral inflamed tissues. 
Thee described increase in CD27-,CD4+ T cells in the 
cellularr infiltrates in the synovium (47,48) could there-
foree be explained by a postmigratory loss of the CD27 
moleculee from the cell surface, as previously pro-
posedd (47). 

Inn a similar way of reasoning, one could hypothesize 
thatt the CD45RA-,CD27+ subset of the CD8+ T cell 
population,, which is also increased in both number and 
percentagee in the peripheral blood after anti-TNFa mAb 
therapy,, is inhibited from migrating to the inflamed tissues. 
Accordingly,, an enrichment of CD27+,CD8+ T cells in 
thee RA synovium and synovial fluid has been demon-
stratedd (47). The recent analysis of the phenotypic and 
functionall  properties of phenotypically separated CD8 + T 
celll  subsets revealed that this CD8+,CD45RA-,CD27+ 
subsett in healthy individuals consists of memory-type cells, 
whichh produce a wide range of cytokines and can provide 
helperr activity for B cell differentiation (40). Thus, this 
CD8++ T cell subset, in addition to the previously proposed 
CD4+,CD45RA-,CD27++ T cell subset (47), might con-
tributee to the B cell activation and subsequent immuno-
globulinn production as observed in the RA synovium. 
However,, no increase in the IFN-y: IL-4 ratio was observed 
forr CD8+ T cells, indicating that no joint-specific CD8+ T 
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celll  subset could be identified on the basis of IL-4 and 
IFNyy production. 

Selectivee inhibition of migration of CD45RA- T 
cellss could contribute to the therapeutic efficacy of 
anti-TNFa.. Patients with higher increases in the Thl: 
Th22 ratio after therapy tended to show higher increases 
inn the number of circulating lymphocytes and stronger 
decreasess in DAS (data not shown), but this did not 
reachh statistical significance. 

Previously,, improved T cell mitogen- and recall 
antigen-inducedd proliferative responses of PBMC were 
reportedd to occur after anti-TNFa treatment of RA 
patients,, which was suggested to be caused by a restora-
tionn of T cell function after removal of TNFa (49). In 
vieww of our findings, the increased responsiveness could 
bee explained by an increase in the proportion of the 
memoryy T cell subset, which is likely to contain an 
increasedd frequency of recall-reactive T cells (50-53). 
Responsess to recall antigens (tetanus toxoid, purified 
proteinn derivative, streptokinase-streptodornase) ana-
lyzedd from anti-TNFa mAb-treated RA patients are 
knownn to be mainly mediated by Thl-like T cells (54-
56),, which are also found to be increased in number 
afterr anti-TNFa treatment. 

Inn conclusion, the present findings show that 
afterr anti-TNFa treatment, the increase in lymphocyte 
numberss in the peripheral blood is greater for Thl cells 
thann for Th2 cells. Down-regulation of adhesion mole-
culess on the synovial endothelium, selectively inhibiting 
thee homing of Thl-like, memory CD4+ T cells to 
inflamedd joints, might explain this observation. 
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Abstrac t t 

OBJECTIVE:: Disease modifying anti-rheumatic drugs (DMARDs) are widely used in the 
treatmentt of arthritis. Although DMARDs have been reported to suppress T cell function in 
vitrovitro their mode of action in vivo is still unclear. Synergy between individual drugs does 
howeverr suggest the existence of several mechanisms. To examine whether DMARDs have 
comparablee effects on T cells in vivo, we analyzed the phenotype and function of peripheral 
bloodd T cells in patients with early arthritis treated with hydroxychloroquine (HCQ), 
sulfasalazinee (SASP) or methotrexate (MTX). 

METHODS:: The following parameters were evaluated in peripheral blood T cells: 1. 
Differentiationn state as determined by expression of CD45RA, CD27, Beta-1-, Beta-2 
integrins,, CCR5, CXCR-3 and CCR3. 2. Cytokine profile as determined by intracellular 
stainingg for IFN-y and IL-4 with flowcytometric analyses and 3. Proliferative capacity was 
determinedd by thymidine incorporation after CD2 and CD28 stimulation in vitro. A 
comparisonn was made just before and 3 months after the start of a new DMARD. 

RESULTS:: After treatment for three months all groups improved clinically, reflected by a 
significantt decrease in the disease activity score. In SASP treated patients the percentages 
off  IFN-y positive CD4+ and CD8+ cells decreased significantly in contrast to IL-4 positive 
cellss that were only affected in CD4+ cells. No significant changes in T cell phenotype as 
determinedd by the expression of the differentiation markers CD45RA and CD27 were 
observedd during this treatment. In addition a concomitant reduction in the adhesion 
moleculess CD29, CD49d, CD49e and CD 18 was observed on T cells in SASP treated 
patients.. We could not find any cytokine reducing effect in HCQ or MTX treated patients 
norr was there any difference in expression of adhesion molecules on T cells. MTX treated 
patientss showed a reduction of the chemokine receptor CCR5 while HCQ treated patients 
showedd reduced T cell proliferative responses to the combination anti-CD2 and anti-CD28 
antibodies. . 

CONCLUSION:: These results indicate that in vivo DMARDs have distinct T cell 
modulatingg effects, which could be an explanation for their synergistic effect in the 
treatmentt of arthritis. 

Introductio n n 

Thee use of disease modifying anti-rheumatic drugs (DMARDs) is essential in the treatment 
off  chronic arthritis. Despite DMARDs can diminish the amount of inflammation in the 
joints,, their effect is only partial. In rheumatoid arthritis (RA) the combination of DMARDs 
iss more effective than monotherapy1"5. Since there is still uncertainty about both the key 
mechanismss in the perpetuation of arthritis as well as the major mode of action of 
DMARDss in vivo, the background for synergy of DMARDs is unclear. 
TT lymphocytes are a major component of the synovial infiltrate in many inflammatory joint 
diseases6.. The contribution of these cells to the inflammatory process can be assumed on 
thee observation that they are highly enriched for the proinflammatory type-1 (IFN-y 
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producing)) cells and lack the anti-inflammatory type-2 (IL-4 producing) subset7"14. The 
anti-- inflammatory effect of DMARDs could be ascribed in part by affecting T cells, since 
specificc effects like inhibition of T cell proliferation and cytokine production by T cells 
havee been documented in vitro15"22. Additional mechanisms to interfere with T cells could 
bee modulating their expression of molecules used for extravasation and adherence to the 
synoviumm (homing). This is a multistep procedure in which selectins, integrins and 
chemokinee receptors are involved. Littl e research has been performed on the effect of 
DMARDss on any of those participating molecules expressed by T cells. 
Speciall  attention has been made to the chemokine receptors CXCR3 and CCR5. They seem 
too play an important role in lymphocyte homing to inflamed tissue since the majority of the 
TT cells in the synovial compartment express both receptors " . 
Inn contrast to the anti-inflammatory type-2 T cells, type-1 cells express high levels of 
integrins26,277 and both CXCR3 and CCR5, which could contribute to the overrepresentation 
off  this celltype in the synovial compartment. Whether DMARDs can affect the expression 
off  any of those specific proinflammatory homing receptors is still not known. 
Thee aim of this study is to investigate whether the various types of DMARDs can affect the 
phenotypee and function of T cells in arthritis patients. 

Method s s 

PatientsPatients studied: 
PatientsPatients were recruited from the outpatient clinic for early arthritis of the Jan van Breemen 
Institute,, Amsterdam. Diagnoses after one year of follow-up consisted of rheumatoid 
arthritis,, undifferentiated arthritis and psoriatic arthritis. The diagnosis rheumatoid arthritis 
wass made according to the ACR criteria28. All patients diagnosed with undifferentiated 
arthritiss had oligo- or polyarthritis. To study the in-vivo effects of DMARDs blood was 
obtainedd at the start of treatment and after 3 months of oral monotherapy with 
hydroxychloroquinee (200mg/day), sulphasalazine (2000mg/day) or methotrexate (7.5 
mg/week). . 
Peripherall  blood mononuclear cells (PBMC) were isolated with Ficoll-hypopaque and 
storedd in liquid nitrogen until use. 

Antibodies: Antibodies: 
Monoclonall  antibodies (mab's) directed against the following antigens were used in this 
study: : 
CLB,CLB, Amsterdam: CD27-FITC (3A12), CD18, CDlla (Tb-133), CD2 (2H4, Hik-27, ) 
CD288 (15E8); Becton Dickinson: CD8-PerCP,IFN-y-FITC, ÏL-4-PE; Caltag: CD4-APC; 
Immunotech:Immunotech: CCR5-PE; R&D systems: CXCR3 

TT cell proliferation 
Wholee blood of arthritis patients was diluted 1:10 with Iscove's modified Dulbecco's 
Mediumm Monoclonal antibodies directed against CD2 and CD28 were added for three days. 
Proliferationn was measured by incorporation of tritium labeled thymidin and expressed as 
countss per minute (cpm). 
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TT cell phenotype 
Fourr color flowcytometry was performed on 0.2 million thawed PBMC stained with 
directlyy labeled monoclonal antibodies (mab's) against CD4 (APC) and CD8 (PerCP) 
simultaneouslyy with directly labeled (FITC, Phycoerythrin) or indirectly (goat-anti-mouse 
phycoerythrin)) mab's directed against differentiation markers, adhesion molecules and 
chemokinee receptors. 
Dataa were analyzed for CD4+ and CD8+ cells separately and expressed as percentages 
positivee cells or mean fluorescence intensity (MFI). 

IntracellularIntracellular staining technique: 
0.55 million PBMC were stimulated with 1 ng phorbol mystirate acetate (PMA) (Sigma 
chemicals)) and luM Ionomycin (Sigma chemicals) during 4 hours in the presence of 1 uM 
Monensinn (Sigma chemicals). After incubation cells were stained with PerCP-anti CD8 and 
APC-antii  CD4 mAb and subsequently fixed with 4% paraformaldehyde. Permeabilisation 
off  the cells was done with 0.1% saponin for 45 minutes. Intracellular staining was 
performedd with either IFN-y-FITC and IL-4-PE or IL-2 FITC and IL-13-PE. Stained cells 
weree analyzed in a FacsCalibur (Becton Dickinson) and expressed as percentages cytokine 
positivee CD4+ and CD8+ cells. 

Results s 

Patients: Patients: 
433 arthritis patients were included, clinical characteristics are presented in table 1. 
Diagnosess did not change during the 3 months of follow-up. Patients using 
hydroxychloroquinee or sulphasalazine had never used DMARDs before while methotrexate 
wass used by patients not responding to sulphasalazine or hydroxychloroquine. Only 
patientss were chosen that did not use DMARDs for 3 months during the start of 
methotrexatee treatment. 

Tablee 1. Clinical characteristics arthritis patients studied 

Treatmentt group 

Meann DAS* at start 
Meann DAS at 3 months of therapy 
Totall  number of patients 

RA A 

Psoriaticc arthritis 

Undifferentiatedd arthritis 

Hydroxy--
chloroquine e 

5.3 3 
4.8 8 
13 3 

8 8 

3 3 

2 2 

Sulphasalazine e 

5.2 2 
4.6 6 
17 7 

12 2 

2 2 

3 3 

Methotrexate e 

5.2 2 
4.7 7 
13 3 

11 1 

0 0 

2 2 
DASS =Disease activity score 
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TT cell proliferation 
Resultss are shown in Figure 1. Three months of treatment with hydroxychloroquine resulted 
inn significant lower proliferative responses to anti-CD2 and anti-CD28 antibodies in 
contrastt to treatment with sulfasalazine and methotrexate. These results show that although 
eachh DMARD is reported to diminish proliferative T cell responses in vitro, this can only 
bee shown for hydroxychloroquine in vivo. 

Figuree 1. 
Proliferativee response in whole blood of arthritis 
patientss after stimulation with anti-CD2 and anti-
CD288 antibodies. Shown are counts per minute 
(CPM)) before (closed bars) and after 3 months of 
DMARDD treatment (open bars). Given are means 
andd SEM, *: p<0.05 
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Figuree 2. 
Percentagee of IFN-y and IL-4 producing cells and their ratio within the CD4+ (A) 
andd CD8+ (B) peripheral blood cells of arthritis patients, before (closed) and after 3 
monthss of DMARD treatment (open). Given are means and SEM 
*:p<0.055 **:p<0.01 *** : pO.001 
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CytokineCytokine producing cells 
Al ll  three DMARDs investigated have been shown to influence the type-l/type-2 T cell 
balancee by decreasing the production of IFN-y in vitro18'21'22. To investigate whether this 
effectt could be observed in vivo as well percentages of IFN-y and IL-4 producing cells 
weree determined in the peripheral blood of arthritis patients before and three months after 
DMARDD treatment (figure 2). In patients treated with hydroxychloroquine or methotrexate 
noo alterations were seen in percentages IFN-y+ cells, IL-4+ cells or their ratio. However, a 
significantt decrease in IFN-y positive cells could be observed during sulfasalazine both in 
CD4++ and CD8+ T cells. The ratio between type-1 and type-2 cells was only significantly 
changedd in CD8+ cells since within the CD4+ subset the percentage IL-4+ producing cells 
wass decreased as well. 

ExpressionExpression of differentiation markers 
Sincee changes in cytokine profiles during sulfasalazine could be a reflection of altered 
differentiationn state of the T cells, flowcytometric analysis for the expression of 
differentiationn markers CD45RA and CD27 was performed. As shown in Table 2, subsets 
definedd by these markers were not changed during treatment suggesting a direct cytokine 
suppressivee effect of sulfasalazine. 

Tablee 2. Percentages of different subsets of CD4+ and 
CD8++ T cells before and after 3 months treatment with 
sulfasalazine e 

CD4+ CD4+ 
CD45RA+CD27+ + 
CD45RA-CD27+ + 
CD45RA-CD27--
CD45RA+CD27--

CD8+ CD8+ 
CD45RA+CD27+ + 
CD45RA-CD27+ + 
CD45RA-CD27--
CD45RA+CD27--

Start Start 
Mean n 

43.6 6 
42.6 6 
10.6 6 
3.3 3 

41.7 7 
20.0 0 
5.2 2 

33.1 1 

SEM SEM 

4.4 4.4 
3.5 3.5 
2.4 2.4 
0.8 0.8 

4.8 4.8 
3.5 3.5 
0.8 0.8 
6.1 6.1 

33 months 
Mean n 

45.0 0 
42.2 2 
9.4 4 
3.3 3 

42.1 1 
18.8 8 
5.0 0 

34.1 1 

SEM SEM 

5.0 5.0 
3.7 3.7 
2.0 2.0 
0.9 0.9 

4.9 4.9 
3.7 3.7 
1.0 1.0 

24.1 24.1 

P P 

0.333 3 
0.969 9 
0.252 2 
0.359 9 

0.600 0 
0.330 0 
0.426 6 
0.804 4 

p== Wilcoxon signed rank test 
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EffectEffect of DMARDs on the expression of adhesion molecules and chemokine receptors 
Thee homing of leukocytes to the synovium is an essential step in the formation of the 
inflammatoryy infiltrate. This is mediated by the expression of integrins and chemokine 
receptors.. Integrins are heterodimers of an a- and P chain and play a role in firm adhesion 
off  the T cells to the synovial endothelium and extracellular matrix. Determination of the 
meann fluorescence intensity of two p chains during DMARD treatment revealed that only 
duringg sulfasalazine treatment the p2 chain (CD18, figure 3) was downregulated on both 
CD4++ and CD8+ cells while the expression of the Pi chain (CD29, figure 4) was not 
significantlyy changed by any of the DMARDs used. However of the tested a chains 
associatedd with Pi, CD49d was diminished on T cells of sulfasalazine treated patients 
(figuree 4). 
Methotrexatee was the only DMARD that significantly influenced the expression of the 
chemokinee receptor CCR5 on CD4+ and CD8+ cells, while CXCR-3 and CCR3 expression 
weree not affected by any DMARD (figure 5). 
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Figuree 3. 
Meann fluorescence intensity (MFI) of CD 18 on CD4+ (A) and CD8+ 
(B)) peripheral blood cells of arthritis patients, before (closed bars) and 
afterr 3 months of DMARD treatment (open bars). Given are means and 
SEM.. *: p<0.05 
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Figuree 4. 
Percentagee of CD49 
andd CD29 positive 
cellss within the CD4+ 
(A)) and CD8+ (B) 
peripherall  blood cells 
off  arthritis patients, 
beforee (closed bars) 
andd after 3 months of 
DMARDD treatment 
(openn bars). Given are 
meanss and SEM, *: 
p<0.05 5 
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Figuree 5. 
Percentagee of chemokine receptor positive cells within the CD4+ (A) and 
CD8++ (B) peripheral blood cells of arthritis patients, before (closed bars) and 
afterr 3 months of DMARD treatment (open bars). Given are means and SEM, 
*:: pO.05 

Discussion : : 

Inn this study we investigated the effects of hydroxychloroquine, sulfasalazine and 
methotrexatee on the phenotype and function of circulating T cells in arthritis patients. 
Althoughh all three drugs are reported to decrease the proliferative responses of T cells in 
vitro15"17'29'30,, we only observed a significant inhibition of proliferation by 
hydroxychloroquinee in vivo. Since the in vitro anti-proliferative effect of chloroquine is 
mediatedd by the inhibition of IL-2 production, we determined whether hydroxychloroquine 
treatmentt resulted in a decrease of IL-2 producing cells. However, we could not find a 
significantt change in this cell type after 3 months of therapy. 
Studiess have shown that hydroxychloroquine can interfere with the process of antigen 
presentation311 and could therefore interfere in T cell differentiation. Flowcytometric 
analysiss of circulating T cells before and during hydroxychloroquine treatment in our study 
howeverr did not indicate a shift towards a less differentiated, more naive phenotype as 
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determinedd by CD45RA and CD27 expression. This finding suggests that the action of 
hydroxychloroquinee in the treatment of arthritis is not mediated via reduced antigen 
presentation. . 
Thee interference of DMARDs with cytokine production of T cells has been widely 
suggestedd as a mode of action in arthritis. Despite the reported decrease in the production of 
thee proinflammatory cytokine IFN-y by T cells in the presence of different DMARDs in 
vitroo ' ' ' , we show that only sulfasalazine was able to induce a significant reduction in 
IFN-yy producing T cells in arthritis patients. A possible explanation could be that 
sulfasalazinee can interfere with IL-12 production by antigen presenting cells as was 
demonstratedd in a mouse model21. However we could demonstrate that in arthritis patients 
sulfasalazinee reduced the IL-4 producing CD4+ cells as well making IL-12 not a likely 
target.. Since IL-4 producers were not affected in the CD8+ subset it can be concluded that 
thee balance between proinflammatory IFN-y producing (type-1) and IL-4 producing (type-
2)2) cells is shifted by sulfasalazine towards type-2. 

Apartt from the influence on proliferative and cytokine producing responses we investigated 
whetherr DMARD treatment could alter the expression of molecules on T lymphocytes 
involvedd in the homing to and retention in the synovium. Both pi and 02 integrins are 
importantt in the adhesion to activated endothelium and the extracellular matrix in the 
synovium,, while gradients of chemokines give direction to the T cells moving into the 
synovium.. In this study we show that in sulfasalazine- in contrast to hydroxychloroquine 
andd methotrexate treated patients, the expression of both the (32 integrins (CD 18) and the 
pii  associated CD49d is diminished. 
Thee finding of methotrexate being a moderator of CCR5 expression could point to a new 
modee of action for methotrexate in arthritis. CCR5 and CXCR-3 are the most abundantly 
expressedd chemokine receptors in the rheumatoid synovium and they are also associated 
withh interferon producing type-1 T cells. Therefore, although methotrexate does not 
influencee the percentage of type-1 cells in the circulation of rheumatoid arthritis patients, it 
couldd influence the proportion of these cells in the synovial infiltrate. 
Inn summary, in this study we show that although various overlapping effects of DMARDs 
onn T cells are reported in vitro, distinct effects can be observed on the T cells in treated 
arthritiss patients, which could account for synergistic anti-inflammatory action. 
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Prognosti cc  value  of Th1/Th2 rati o in rheumatoid  arthriti s 

Imbalancee between proinflammatory T-helper-1 (Thl) and anti-inflammatory T-helper-2 
(Th.2)) cells and, subsequently, their products interferon-y and interleukin 4, respectively, is 
believedd to be important in the development of autoimmune diseases. Dominance of Thl 
overr Th2 cells is thought to be important in the pathogenesis of rheumatoid arthritis.2,3 We 
investigatedd whether the Thl/Th2 ratio in the peripheral blood of patients with rheumatoid 
arthritiss is related to disease severity, measured by response to disease-modifying 
antirheumaticc drugs (DMARDs). 
Wee recruited patients with early rheumatoid arthritis (duration <1 year) who had not 
previouslyy taken DMARDs. We determined disease activity by a modified disease activity 
score44 based on scores for 28 joints. 11 patients with high disease activity (scores >6-0, 
mediann 6-4 [range 60-6-9]) were started on DMARDs; ten on sulphasalazine (2000 
mg/day),, one on hydroxychloroquine (200 mg/day). We measured Thl/Th2 ratios in 
peripherall  blood by intracellular staining assay with flowcytometric analysis.5 The 
percentagess of Thl and Th2 cells were determined by double staining for CD4 and either 
interferon-yy or interleukin-4. Data were analysed with Wilcoxon's signed rank test. 
Thee median disease activity score decreased to 50 (range 3-3-6-9) after 3 months and 4-5 
(rangee 2-9-71) after 9 months of therapy. Although activity scores were within a narrow 
rangee at baseline, we found large differences in Thl/Th2 ratios between patients. Thl/Th2 
ratioss did not correlate with disease activity scores or C-reactive-protein concentrations 
(dataa not shown). During the first 3 months of therapy, Thl/Th2 ratios increased 
significantlyy (median 3-2 vs 6-0, p=0-001) because of decreases in Th2 cells (median 50 vs 
2-3%,, p=0-002). After 9 months the initial Thl/Th2 ratio did not differ (median 3-2 vs 4-8; 
p=016. . 
Thiss transient increase in the Thl/Th2 ratio during the first 3 months of treatment could 
havee resulted from redistribution of Thl and Th2 subsets, immunoregulatory effects of the 
medication,, or from a combination of both. The effect, however, seemed to be of no 
importancee to the clinical outcome since changes in the Thl/Th2 ratios and disease activity 
scoress did not correlate after 3 months or 9 months. By contrast, the initial Thl/Th2 ratio 
correlatedd significantly with the disease activity score after 9 months (figure). 
Thesee data suggest that patients with low Thl/Th2 ratios in the peripheral blood during 
clinicall  active phases of rheumatoid arthritis are likely to respond well to the first course of 
DMARDD treatment. The prognostic value of the Thl/Th2 ratio measured by intracellular 
stainingg assay in early rheumatoid arthritis needs to be assessed in larger groups of patients 
forr longer times. 
Thiss study was supported by The Dutch League Against Rheumatism 
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Abstrac t t 

OBJECTIVE:: To test the predictive value of T cell subset composition on the clinical 
outcomee of early rheumatoid arthritis. 

METHODS:: A cohort study was initiated in which peripheral blood mononuclear cells 
(PBMC)) of 65 patients who presented with rheumatoid arthritis of recent onset were 
obtainedd (mean disease activity score (DAS) 5.7, 54% rheumatoid factor positive). T cell 
differentiationn markers (CD4, CD8, CD45RA, CD27) and T-cell cytokine production 
abilityy at presentation were related to DAS after one year DMARD treatment. 

RESULTS:: High percentages of differentiated helper T cells, characterized by the 
CD4+CD27""  phenotype, at the start of the therapy correlated with relatively low DAS after 
onee year (p=0.01). In a subgroup of patients characterized by high initial disease activity 
(DAS>6),, disease activity after one year was considerably lower in male (DAS 2.6) than in 
femalee patients (DAS 4.5) (p<0.001). Finally, in the group of female patients with high 
initiall  DAS, but not in the total cohort, a low THELPER(H)1/TH2 ratio appeared to be related 
withh better outcome scores (p<0.05). 

CONCLUSION:: T cell subset analyses revealed association between markers of T cell 
differentiationn and disease activity after one year. T-cell subset and function measurements 
mayy prove useful in identifying patients that respond poorly to conservative DMARD 
therapy. . 

Introductio n n 

Rheumatoidd Arthritis (RA) is a disease of chronic inflammation of the joints with a 
presumedd autoimmune origin. This usually leads to severe joint damage resulting in 
progressivee disability. Tumor necrosis factor (TNF) a locally produced by monocytes plays 
aa central role in the inflammatory cascade and neutralization of TNFct with either 
monoclonall  antibodies or soluble receptor constructs ameliorates inflammation and has 
rapidlyy become an important treatment modality1,2. However, the trigger for TNFct 
productionn in the joint is still unknown. 
Thee success of TNFcc neutralization has formally demonstrated the involvement of 
inflammatoryy cascades in the pathogenesis of RA. Next to this, several indirect lines of 
evidencee exist for contributions of the adaptive immune system to the etiology and/or 
pathophysiologyy of the disease. Perhaps most importantly, an association is found between 
certainn HLA class II alleles, especially those containing the so-called shared-epitope (SE) 
sequence,, and disease severity3. Because the function of class II molecules is to present 
antigenicc peptides, it is supposed that SE-containing class II molecules contribute to an 
arthritogenicc CD4+ T cell repertoire4"7. Furthermore, autoantibodies directed to 
immunoglobulinee (rheumatoid factor, RF) or citrullinated peptides are frequently found in 
RAA patients. Although the role of these antibodies in the pathogenesis of the disease is 
unclear,, they are related with more aggressive disease8"11. 
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Inn contrast to indirect clues in humans, compelling evidence has been gathered in 
experimentall  animal models for a direct arthritogenic role of T cells. An important finding 
inn these studies has been that the intrinsic ability of the T cell system to respond in 
qualitativee different manners is an important variable for disease induction and outcome. 
Specifically,, mice that are prone to respond to antigenic challenge in a THELPER(h)l type 
fashion,, which is characterized by an predominance of CD4" T cells secreting IFNy, are 
highlyy sensitive to induced-arthritis12. In marked contrast, Th2 biased mice that generate 
relativelyy high numbers of IL-4 secreting T cells, do not develop disease13. It is suggested 
thatt these differential effects may be related to the opposing actions of Thl- and Th2-type 
helperr cells on inflammatory cells, Thl being pro-inflammatory in contrast to the anti-
inflammatoryy Th2 cells. The Th2 biased Balb/c mouse is resistant to collagen-induced 
arthritiss while it can develop a Thl mediated arthritis when challenged with proteoglycan 
whichh is easily prevented by administration of IL-414. We aimed to investigate whether 
alsoo in humans the propensity of T cells to respond to antigenic challenges in a Thl- or 
Th2-biasedd fashion would be a contributing factor in the clinical course of RA. For this, a 
cohortt study was initiated in which cellular immune functions were analyzed in patients 
whoo presented with early rheumatoid arthritis and results of these measurements were 
relatedd to disease activity after one year. Two separate types of analysis were employed to 
evaluatee CD4+ T cell differentiation aspects. First, membrane expression of CD45RA and 
CD277 molecules were performed to enumerate naive (CD45RA+), memory-type (CD45RA* 
)) and differentiated memory-type helper T cells (CD27"). Second, Thl and Th2 were 
evaluatedd by intracellular measurement of IFN-y and IL-4 in polyclonally stimulated cells. 

Materia ll  and Method s 

Patients Patients 
Patientss with polyarthritis were recruited from an early arthritis clinic. The diagnosis 
rheumatoidd arthritis was made according to the ACR guidelines15 at one year of follow-up. 
Follow-upp was at least a year with regular visits at the clinic every three months. Peripheral 
bloodd was obtained before start of treatment with disease modifying antirheumatic drugs. 
Initiall  treatment consisted of either hydrochloroquine or sulfasalazine as freely chosen by 
thee treating physician, in the absence of a clinical response methotrexate was given as 
describedd in detail elsewhere16. Patients that had used DMARDs before presentation to the 
clinicc were not included. Disease activity score 17and CRP were determined before and after 
onee year of the treatment. 43 out of 65 patients were analyzed for erosive scores of hands 
andd feet18, 32 out of 43 had erosive disease. 

TT cell phenotyping 
Peripherall  blood mononuclear cells (PBMC) were isolated using Ficoll and stored in liquid 
nitrogenn until use. 
Forr membrane determination bound molecules, 0.2 million-thawed PBMC were incubated 
withh directly labelled monoclonal antibodies for 30 minutes. After three washing steps cells 
weree analysed on a four colour flowcytometer (FACScalibur). Results were expressed as 
percentagee positive cells within CD4+ and CD8+ subsets. 
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Forr determination of cytokine production 0.4 million PBMC were shortly (four hours) 
stimulatedd with phorbol ester and Ionomycin as described previously, after fixation with 
paraformaldehyde,, cells were permeabilized with saponin and incubated with directly 
labeledd monoclonal antibodies against cytokines, CD4 and CDS. After analyses with four-
colorr cytometry, cytokine positive cells were expressed as a percentage of CD4 and CDS 
positivee cells. 
Antibodies:: Directly labeled monoclonal antibodies (mab's) directed against the following 
antigenss were used in this study: CLB, Amsterdam: CD27-FITC (3A12), Becton 
Dickinson:: CD8-PerCP, IFN-y-FITC, IL-4-PE, IL-2-FITC Caltag: CD4-APC. 

Results s 

DescriptionDescription of the patient cohort. 
Patientss were selected from a group of 254 patients who presented with polyarthritis to the 
earlyy arthritis clinic at our institute. During the first year of follow-up, 132 were diagnosed 
ass having rheumatoid arthritis. Of these, 78 were selected because of the availability of 
clinicall  data and mononuclear cells from the start of the study and clinical data after one 
yearr of follow-up (11-13 months). Thirteen patients were excluded because of previous 
DMARDD or steroid usage. Clinical parameters and DMARD usage of the 65 analyzed 
patientss are summarized in table 1. 

Tablee 1. Clinical data of 65 rheumatoid arthritis patients presenting 
att the Amsterdam early arthritis clinic 

Start t Afterr one year of treatment 

DiseaseDisease activity score (DAS) 
C-reactiveC-reactive protein 
Age Age 

Gender Gender 
Male Male 
Female Female 

Mean n 
5.7 7 
40 0 
56.7 7 

Number r 

20 0 
45 5 

SD D 
1.1 1 
42 2 

Mean n 
3.8 8 
16 6 

57.7 7 

SD D 
1.4 4 
25 5 

RheumatoidRheumatoid factor (IgM) positive 35 
ErosiveErosive disease 32 (out of 43) 

DMARDD usage 

Hydroxychloroquine Hydroxychloroquine 
Sulphasalazine Sulphasalazine 
None None 

5 5 
52 2 
7 7 

2 2 
33 3 
6 6 
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CorrelationCorrelation of T cell differentiation markers with measures of disease activity. 
Att the start DAS scores weakly negatively correlated with the percentage of circulating 
CD45RA,, i.e. memory-type, helper T cells (table 2). This association might be related to 
thee fact that memory-type cells have the ability to localize in inflamed tissue19'20 and are 
thereforee relatively depleted from the circulating pool. No correlation between any of the 
phenotypicallyy defined T cells subsets and CRP levels were found (data not shown). 
Furthermore,, at the start of the study no correlations were demonstrable between DAS and 
CD44 phenotype (table 2) or DAS and either IFN-y (Thl) or IL-4 (Th2) producing CD4+ T 
cellss or the Thl/ Th2 ratio. 

Tablee 2 Pearson correlation coefficient between CD4+ T 
celll  phenotype in the peripheral blood and disease activity 
scoree (DAS) at inclusion 

AllAll  RA patients 

CD45RAA positive 
CD45RAA negative 
CD277 negative 

IL-44 positive 
IFN-yy positive 
Thl/Th2 2 
IL-22 positive 

Pearsons s 
correlation n 
coefficient t 

0.27 7 
-0.27 7 
-0.01 1 

-0.26 6 
0.00 0 
0.07 7 
-0.14 4 

P P 

0.04 4 
0.04 4 
0.93 3 

0.19 9 
0.99 9 
0.74 4 
0.50 0 

* * 

* * 
ns s 

ns s 
ns s 
ns s 
ns s 

*P<0.05,, ns=not significant 

PrognosticPrognostic value of T cell differentiation markers. 
Diseasee activity at one year was independent from the percentage of memory-type T cells at 
entry.. The percentage of differentiated CD4+CD27" showed a considerable variation in the 
cohortt and inversely correlated with DAS at one year (Figure la and Table 3). No such 
correlationss were found for Thl and Th2 markers (Table 3). 
RAA is a heterogeneous disease, which may obscure possible relations between T-cell 
functionn parameters and prognosis. To analyze T cell differentiation markers in a more 
homogenouss subgroup we separately analyzed patients presenting with high disease activity 
(DAS>6.0).. Again, a relatively high percentage of CD27" T cells was associated with a 
ratherr good prognosis at one year, whereas neither CD45RA" percentages nor TH1/ TH2 
measurementss showed such correlation (Figure lb and Table 3). 
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coefficientt between the 
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CD277 at presentation and 
thee Disease Activity 
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A:: all rheumatoid 
arthritiss (RA) patients, 
B:: RA patients 
presentingg with DAS >6, 
C:: female RA patients 
presentingg with DAS >6. 
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Tablee 3. Pearson correlation coefficients between CD4+ T cell phenotype in the peripheral 
bloodd at the start of treatment and disease activity score one year after treatment. 

AllAll  RA patients 

CD45RAA positive 
CD45RAA negative 
CD277 negative 

IL-44 positive 
IFN-yy positive 
Thl/Th2 2 
IL-22 positive 

Pearson n 
correlation n 
coefficient t 

0.04 4 
-0.04 4 
-0.34 4 

-0.1 1 
-0.04 4 
-0.05 5 
-0.1 1 

P P 

0.8 8 
0.8 8 
0.01 1 

0.49 9 
0.78 8 
0.71 1 
0.55 5 

ns s 
ns s 
** * 

ns s 
ns s 
ns s 
ns s 

PatientsPatients presenting with disease activity score >6 

CD45RAA positive 
CD45RAA negative 
CD277 negative 

IL-44 positive 
IFN-yy positive 
Thl/Th2 2 
IL-22 positive 

-0.04 4 
-0.04 4 
-0.5 5 

-0.26 6 
0 0 

0.07 7 
-0.14 4 

0.86 6 
0.86 6 
0.01 1 

0.19 9 
0.99 9 
0.74 4 
0.5 5 

ns s 
ns s 
** * 

ns s 
ns s 
ns s 
ns s 

***  p<0.01, ns=not significant 

Inn a previous study, we found that a low TH1 / TH2 ratio was predictive of a relatively low 
DASS at one year(21). Since, this relation was not evident in the current high activity group 
(DAS>6.0)) we reanalyzed the patients that were entered in this study. All patients tested in 
thee previous study were females whereas in the present cohort contained 9 males (out of 30 
patientss presenting with DAS>6.0). Remarkably, in the present cohort of patients 
presentingg with high disease activity scores, mean DAS scores at one year were 2.8 
(standardd deviation 1.3) for males versus 4.6 (standard deviation 1.2) for females (p<0.001, 
dataa not shown). Since this huge scatter in DAS might mask any potential influence of 
immunologicall  parameters we analyzed these separately in the group of female patients 
withh high disease activity at entry. Concerning CD27" differentiated T cells a similar 
relationn was found as in the total cohort and the high DAS subgroup (Figure lc). However, 
confirmingg our earlier findings, we corroborated that a high percentage of IL-4 producing 
cellss and a low Thl/ Th2 ratio is associated with low DAS scores at one year in female 
patientss (Figure 2). 
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Figuree 2. 
Correlationn between 
thee ratio between Th 1 
andd Th2 cells at 
inclusionn in the 
peripherall  blood and 
diseasee activity score 
afterr one year of 
treatmentt in female 
patientss presenting 
withh high disease 
activity. . 
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Discussion n 

Thee present cohort study was initiated to test whether markers of T-cell differentiation, 
suchh as naive, memory and effector T cell numbers and cytokine production ability, can be 
usedd as predictive markers for disease course in patients with early RA. Three main 
conclusionss can be drawn from the analyses. First, both in the total cohort and in the group 
off  patients who presented with a high disease activity (DAS > 6), the presence of high 
numberss of differentiated memory CD4+ T cells, defined by the absence of the TNF-R 
familyy member CD27, correlated with relatively low disease activity scores one year after 
entryy in the study. Second, in the subgroup of patients with high disease activity male 
patientss had a much more favorable prognosis than female patients. Third, a beneficial 
effectt of a low Thl/Th2 ratio was observed in female patients with initial high disease 
activity,, corroborating earlier findings by our group21. 

Thee inverse correlation of the percentage CD4+CD27" with DAS at one year is unexpected 
andd intriguing. We have previously shown that memory-type CD4+ T cells are enriched in 
thee rheumatoid synovium and strongly increase in the circulation after treatment with anti-
TNFaa mAb(22). Still, we consider it unlikely that the correlation between CD27" helper 
cellss and prognosis might be explained by enhanced localization of these cells in the 
synoviumm in patients with severe disease. This because we did not find any correlation 
betweenn disease activity at a given time point and the percentage of circulating CD4+CD27 
TT cells. 
CD4+CD27""  T cells appear to be specialized helper T cells that develop after persistent 
antigenicc challenge23'24. Recently, Appay and colleagues25 showed a relative increase in 
thesee cells in patients with persistent viral infection, i.e. cytomegalovirus and human 
immunodeficiencyy virus. In this respect, the presence of this subset in RA patients could 
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reflectt an ongoing immune response to a persistent pathogen. In this scenario, patients that 
aree able to form high numbers of these effector-type CD4+ T cells do better because of their 
relativelyy good ability to cope with microbes. However, although viral and bacterial 
pathogenss have been implicated in the etiology of RA proof for their role is lacking. 
CD4+CD27""  T cells display a number of effector functions that are not found in 
CD4+CD27++ memory-type T cells. First, they exclusively secrete interleukin-5 and are 
enrichedd in interleukin-4 secreting T cells24,26'27. Moreover, they are able to synthesize the 
cytolyticc mediators granzyme B and perforin and can execute cytolysis. The physiological 
rolee of cytotoxic CD4+, class II-restricted T cells has been debated for many years by 
immunologists288 but one appealing idea is that they may terminate immune reactions by 
eliminatingg peptide-bearing antigen presenting cells. If in the context of auto-immunity this 
wouldd mean regulation of disease-maintaining auto-antigen cells, it could be envisaged that 
highh numbers of these cells would correlate with favorable outcome. 
Finally,, in contrast to CD4+CD27+ memory-type T cells, CD4+CD27" T cells are poor 
helperss for T-cell dependent immunoglobulin production29. Although the role of antibodies 
andd B cells in RA remains heavily disputed, recent studies in showing that B-cell depleting 
CD200 antibodies ameliorate RA have renewed interest in this area. Low numbers of 
CD4+CD27""  T cells in RA could coincide with a relatively good helper activity of 
CD4+CD27++ T cells. In this respect it is of interest to note that Systemic Lupus 
Erythematosus,, a disease in which the pathophysiological role of antibodies is hardly 
disputed,, is characterized by low amounts of circulating CD4+CD27 T cells (unpublished 
results). . 

Althoughh it is well established that incidence of RA is three-fold higher in females30, the 
findingg that in the subgroup of patients with high disease activity at entry males had a far 
betterr prognosis at one year under standard DMARD treatments was striking. In line with 
thiss observation, Anderson et al.19, reviewing cases of 1,435 patients treated in controlled 
trialss with second-line anti-rheumatic drugs recently showed that female gender is 
associatedd with a relatively poor response to treatment. In addition Kuiper et al described 
ann early arthritis cohort in which the DAS was higher for female patients than for male 
patientss during follow-up while the DAS was the same at inclusion . 

Inn a previous study we found that a low TH1 and TH2 ratio in a subgroup of patients with 
highh disease activity at entry is associated with a relatively favorable prognosis after one 
year32.. In addition, other studies have suggested similar relations between Thl and Th2 
ratio'ss and prognosis in RA33"37. In the total cohort no significant correlation between Thl 
andd Th2 ratio's and disease activity could be found. Also in the subgroup of patients with 
highh disease activity at entry the relation was weak and non-significant. A significant 
relationn was however found when females with high DAS scores at entry, that dominated 
thee initial study group, were analyzed. These findings do not support a strong disease-
modulatingg role for functionally differentiated T cells in RA. Yet, it should be realized that 
RAA is a heterogeneous disease and that, in analogy to certain murine models for arthritis 
dominantt effects of the Thl and Th2 balance could be found if homogenous groups of 
patientss can be identified and analyzed. 
Recently,, regulatory T cells (TREG) have been identified in both rodents and humans38"40. It 
hass been shown that these CD4+ T cells can maintain self-tolerance in mice and it is 
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suggestedd that they have a similar function in humans. It wil l be interesting to test whether 
aa disease-modifying role of these differentiated T cells can be found in RA. 
Inn summary T cell subset analyses revealed association between markers of T cell 
differentiationn and the progression of RA during a year. T-cell subset and function 
measurementss may prove useful in identifying patients that respond poorly to conservative 
DMAR DD therapy. 
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Thee balance between different T cell subsets is believed to play a role in development or 
preventionn of autoimmune diseases. Especially an imbalance in the mutually antagonizing 
type-11 and type-2 T cells could result in damage to the host. Type-1 cells are pro-
inflammatoryy and it has been postulated that an overshoot type-1 immune response could 
leadd to organ-specific autoimmune disease such as arthritis, multiple sclerosis, thyreoiditis 
andd diabetes mellitus. Type-2 cells on the other hand are effective inducers of antibody 
productionn by B cells and can antagonize the effects of type-1 T cells. Unopposed type-2 
reactivityy could lead to antibody-mediated disease such as allergy and systemic lupus 
erythematosus.. In this thesis it has been tested if the balance between T helper 1 and T 
helperr 2 cells plays a role in human rheumatic diseases. Both cell types were identified by 
flowcytometryy with antibodies against IFN-y, a prototypical T helper 1 cytokine and IL-4, a 
markerr for type-2 T cells. 

Ass shown previously, synovial fluid (SF) T cells of rheumatoid arthritis patients are primed 
cellss as they express CD45R01,2 and CD953. However while both type-1 and type-2 cells 
cann be found in the peripheral blood of rheumatoid arthritis patients, SF T cells have 
predominantlyy a type-1 phenotype. This finding is not specific for rheumatoid arthritis but 
cann also be observed in reactive arthritis, undifferentiated arthritis and psoriatic arthritis 
(chapterr 2). 
Whetherr this is a result of a mechanism where type-1 T cells are preferentially homing from 
thee blood to the inflamed synovium or that after entry, type-1 cells can further differentiate 
inn the synovium while type-2 cells are inhibited in their differentiation process is not 
entirelyy clear, but support for both mechanisms can be found. 

Thee possibility of selective homing is supported by the observation that type-1 T cells 
expresss the adhesion molecule CD49d (alpha4) (chapter 5) and chemokine receptors like 
CCR55 and CXCR-34'5 of which the ligands are abundantly expressed on endothelial cells 
andd in the extracellular matrix of the inflamed synovium (VCAM-1, Fibronectin, RANTES, 
IP-100 and MIG, respectively). 
Chapterr five gives in vivo support for the selective homing of type-1 T cells to the 
rheumatoidd synovium. The humanized monoclonal antibody CA2 blocks the activity of 
TNF-ctt and is shown to interfere with the inflammatory cascade in the joints. This results in 
thee downmodulation of adhesion ligands like VCAM-1 and ICAM-1 on synovial 
endothelium66 8 thereby obstructing the process of adherence of peripheral blood T cells to 
thee inflamed endothelium and subsequently migration into the synovium. Indeed, the 
lymphocytosiss that can be seen in the blood three days after administration of the antibody 
too rheumatoid arthritis patients is a likely the result of T cell redistribution. We found that 
thiss increase in lymphocytes is caused by the increase of CD45R0 positive T cells with a 
type-11 phenotype expressing CD49d suggesting that specifically these cells had lost the 
abilityy to adhere to the endothelium. 

Thee second explanation for the enrichment of type-1 T cells in the inflamed synovium is 
locall  differentiation. Polarization into type-1 cells of synovium entering T cells can result 
fromm the presence of IL-12, IL-18 and IL-159. 
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Thee pro-inflammatory action of type-1 cells in the synovium is subsequently exerted by 
bothh IFN-gamma production and direct contact with macrophage type cells10. Since this 
inducess increased local production of TNF-a this leads to amplification of the 
inflammatoryy response that in turn attracts more type-1 T cells to the synovium resulting in 
chronicc inflammation. The assumption of this amplifying circle is supported by the 
observationn that the ratio between type-1 and type-2 CD4 cells in the synovial fluid and the 
extentt of inflammation as estimated by the erythrocyte sedimentation rate is correlated 
(chapterr 2). However it is still unclear how the vicious circle is initiated and which factors 
inn non-rheumatoid individuals are involved in switching it off. 

Inn contrast to the synovium the ratio between type-1 and type-2 cells in the peripheral blood 
iss not correlated to inflammation (chapter2, 8). While the ratio is significantly lower in the 
presumedd type-2 disease SLE (chapter 3), in rheumatoid arthritis patients as well as in 
ankylosingg spondylitis patients it is not different from healthy controls (chapter 2 and 4). 
Evenn though treatment of arthritis patients during three months with DMARDs results in a 
reductionn of disease activity, this is not accompanied by a comparable change in the type-
1/type-22 ratio in the peripheral blood (chapter 6). This might mean that the ratio in 
peripherall  blood is not only dependent on redistribution induced by inflammation, but that 
inn longer time periods other mechanisms are involved. Since even in healthy controls 
substantiall  differences exist in this ratio in the peripheral blood, it can be argued that it is 
influencedd by genetic factors as well as T cell responses to previously encountered 
pathogens. . 
Inn mice, it has been shown that the outcome of a T cell response to a particulate antigen is 
dependentt on pathogen-derived signals as well as genetic factors of the host and that the 
possibilityy to develop a strong type-1 immune response can be essential in the resistance 
againstt certain pathogens1'. It might therefore be that the tendency to develop type-1 
responsee is an advantage in the defence against intracellular pathogens, while the prize 
couldd be a higher susceptibility to chronic inflammatory conditions like rheumatoid 
arthritis. . 
Thiss theory is supported by the observation of a decreased occurrence of atopic disease 
whichh is type-2 mediated in rheumatoid arthritis patients12"15 but contradicting data 
exist16'17. . 

Rheumatoidd arthritis is a multifactorial disorder and shows a wide spectrum of clinical 
phenotypess from mild disease to severe arthritis. 
Epidemiologicall  studies have revealed that multiple genetic factors are involved in the 
susceptibilitysusceptibility as well as the severity of the disease18,19. In this thesis it is studied whether 
thee type-1/type-2 ratio in the peripheral blood of rheumatoid arthritis patients, is related to 
diseasee severity. Again heterogeneity of rheumatoid arthritis is indicated in chapter 7 and 8. 
Althoughh the measured type-1 /type-2 ratio in the peripheral blood shows a relation with 
persistencee of disease activity during one year (chapter 7), this seemed only to be true when 
aa homogeneous group a patients was analysed (chapter 8). Nevertheless this suggests that a 
tendencyy to react with a type-1 immune response is unfavourable with respect to the course 
off  rheumatoid arthritis. Because of the heterogeneity of rheumatoid arthritis the 
unpredictablee clinical outcome and the increasing capability to prevent long term damage, 
theree is a strong need for parameters to identify severe disease at an early stage. The data 
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obtainedd during our studies show that the T helper 1/T helper 2 ratio is not a strong enough 
predictorr to be used in an unselected patient population. Still, it wil l be interesting to test its 
possiblee clinical relevance combined with other prognostic parameters or during longer 
follow-upp periods. 
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Samenvattin gg voor niet ingewijde n 

Hett immuunsysteem is een complex van cellulaire en humorale facoren die als gezamelijk 
doell  hebben lichaamsvreemde ziekteverwekkers (pathogenen) te herkennen en te 
elimineren.. Als het een pathogeen gelukt is de buitenste grenzen van het lichaam (huid en 
slijmvliezen)) te passeren wordt hier in eerste instantie op gereageerd door het aangeboren 
aspecifiekee immunsysteem. Dit is in staat een aantal gemeenschappelijke onderdelen van 
ziekteverwekkerss te herkennen en ter plaatse een ontstekingsreaktie te beginnen. De 
onstekingsreaktiee heeft tot doel een omgeving te creëren waarin in zo kort mogelijke tijd 
mett zo min mogelijk schade voor de gastheer het pathogeen geëlimineerd kan worden. 

Hett aangeboren immuun systeem zal in eerste instantie zelf beginnen met het aanvallen van 
dee indringer door het actief worden van oplosbare moleculen zoals het complement 
systeem.. Daarnaast zijn er gespecialiseerde cellen die pathogenen direkt kunnen herkennen 
enn opnemen (fagocytose) zoals macrofagen. In niet ontstoken weefsel zitten maar weinig 
macrofagen,, echter door de ontstekingsreaktie onstaat er bloedvatverwijding en kunnen er 
meerr macrofagen en fagocyterende neutrofiele granulocyten het weefsel binnengaan. Zij 
hechtenn zich aan het bloedvat door de ontstekings geïnduceerde adhesiemolekulen, en 
wordenn de onstoken weefsels ingeleid door vrijgekomen chemokines. 

Naastt de direkte anti-pathogene werking speelt het aangeboren immuunsysteem een 
belangrijkee rol in het activeren en mobiliseren van het verworven specifieke immuun 
systeem.. Dit systeem is aanwezig in alle gewervelde dieren en bestaat uit T- en B-
lymfocyten.. B cellen produceren antistoffen die pathogenen direkt kunnen neutraliseren of 
doorr binding aan het oppervlak het pathogeen gevoeliger maken voor fagocytose. 
TT cellen kunnen onderverdeeld worden in een aantal subsets die verschillende functies 
hebben.. Sommige kunnen geïnfecteerde lichaamscellen opruimen (cytotoxic, met name 
doorr CD8 positieve T cellen) en andere spelen een belangrijke regulerende rol in zowel het 
specifiekee als niet specifieke immunsysteem (voornamelijk CD4 positieve T cellen). 
TT cellen worden actief als er lichaamsvreemde eiwitten (antigenen) worden aangeboden 
doorr het niet specifieke immuun systeem met name door macrofagen en dendritische cellen 
(antigeenn presenterende cellen of APC's). Tijdens een infectie migreren APC's vanuit het 
geïnfecteerdee gebied naar lymeklieren waar ze onderdelen van de binnengedrongen 
pathogenenn (peptiden) aanbieden aan de aanwezige T cellen. Iedere T cel heeft een T cel 
receptorr die een aantal peptiden kan herkennen. Als een specifieke T cel kan reageren met 
eenn aangeboden peptide ontstaat er T cel activatie waardoor de T cel gaat delen en 
differentieren.. Er bestaan een aantal verschillende differentiatie paden die elk leiden naar 
afzonderlijkee functies. 

CD44 positieve T cellen kunnen klassiek differentiëren in type-1 of type-2 cellen. Type-1 
cellenn worden beschouwd als proinflammatoir. Ze migreren gemakkelijk naar ontstoken 
weefselss waar ze de onstekingsreaktie kunnen versterken en fagocyterende en cytotoxische 
cellenn helpen bij het elimineren van pathogenen. Type-2 cellen zijn anti-inflammatoir in de 
zinn dat ze effecten van type-1 cellen kunnen tegengaan. Daarnaast zijn ze beter in staat hulp 
tee verlenen aan B cellen bij het maken van specifieke antistoffen. 
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Off  er tijdens een immuunreaktie voornamelijk type-1 of type-2 cellen onstaan hangt af van 
verschillendee factoren. APC's kunnen door de productie van cytokines sturen of T cellen in 
type-11 of type-2 differentieren. Vooral bij de aanwezigheid van intracellulaire pathogenen 
wordtt er een sterk type-1 differentiërend signaal gegeven terwijl de aanwezigheid van 
extracellulairee parasieten voornamelijk resulteert in de ontwikkeling van type-2 T cellen. 
Hett feit dat type-1 en type-2 T cellen eikaars ontwikkeling en uiteindelijke functie 
afremmenn heeft tot de hypothese geleid dat een type-2 respons uiteindelijk weer uitgedoofd 
kann worden door type-1 cellen en vise versa, teneinde teveel schade aan de gastheer te 
voorkomen.. Zo zou een te sterke of te landurige type-1 respons leiden tot chronische 
ontstekingg en een te sterke type-2 reaktie tot allergieën. 

Reumatoidee artritis is een ziektebeeld dat gekenmerkt wordt door chronische ontsteking van 
dee gewrichten. Ondanks intensieve research is het tot nu toe niet gelukt om lichaamsvreemd 
materiaall  of pathogeen in de gewrichten aan te tonen. Wel zijn er aanwijzingen dat er 
immuunreaktiess optreden tegen lichaamseigen antigenen. Zowel geaktiveerde cellen van 
hett aangeboren aspecifieke als van het verworven specifieke imuunsysteem zijn in de 
reumatoidee gewrichten aanwezig. Geaktiveerde macrofagen maken grote hoeveelheden 
TNF-alfaa hetgeen resulteert in rechtstreekse destructie van het kraakbeen en aan de andere 
kantt rekrutering van steeds meer ontstekingscellen waaronder type-1 T cellen. Het is niet 
bekendd of het primair de macrofagen zijn die ontregeld zijn of dat een dysbalans in de 
verhoudingverhouding tussen pro- en anti-inflammatoire T cellen de drijvende kracht is voor deze 
TNF-alfaa produktie. 

Inn dit proefschrift worden de verhoudingen tussen verschillende T cel subsets, met name 
type-11 en type-2 T cellen, in reumatoide artritis patiënten bepaald. Deze verhoudingen 
wordenn vergeleken met die in patiënten met andere autoimuunziekten zoals systemische 
lupuss erythematosus (SLE) en morbus Bechterew (ankyloserende spondylitis). Daarnaast is 
err bij reumatoide artritis patiënten onderzocht of er een relatie bestaat tussen T cel subsets 
enn de ernst van de ziekte. 

Type-11 en type-2 T cellen zijn niet direkt identificeerbaar. Het belangrijkste onderscheid is 
dee produktie van verschillende cytokinen. De produktie van interferon-y (IFN-y) is typisch 
voorr type-1 cellen terwijl interleukine-4 (IL-4) door type-2 cellen wordt geproduceerd. 
Mett flowcytometrie kunnen verschillende T cel subsets worden geïdentificeerd door het 
aankleurenn van oppervlakte moleculen (differentiatie markers). Daarnaast kunnen na korte 
activatiee van de T cellen in vitro, IFN-y en IL-4 aangekleurd worden waardoor de 
verhoudingverhouding tussen type-1 en type-2 gedifferentieerde T cellen benaderd kan worden. 

Inn hoofdstuk 2 wordt deze techniek gebruikt om aan te tonen dat het vooral type-1 T cellen 
zijnn die in de synoviale vloeistof voorkomen zowel bij reumatoide artritis als ook bij 
reaktieve-- en ongedifferentieerde artritis. Deze laatste twee hebben over het algemeen een 
minderr chronisch beloop dan reumatoide artritis. Wel wordt er een relatie gevonden tussen 
dee ontstekingsaktiviteit, gemeten als bezinkingssnelheid van de erythrocyten, en de ratio 
type-l/type-22 cel in de synoviale vloeistof. Dit kan betekenen of dat een hoge TNF-alfa 
produktiee in de gewrichten resulteert in een verhoogde rekrutering van type-1 T cellen, of 
datt primair de opeenhoping van type-1 T cellen in het synovium resulteert in de produktie 
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vann TNF-alfa en daardoor een hogere bezinking wordt gemeten. In hoofdstuk 5 worden 
aanwijzingenn gevonden dat de produktie van TNF-alfa leidt tot het uittreden van type-1 T 
cellenn uit het bloed, mogelijk naar de ontstekingsgebieden als de gewrichten. Na selectieve 
blokkadee van TNF-alfa met antistoffen bij reumatoide artritis patiënten onstaat er na drie 
dagenn een toename van T cellen in het bloed, die voor een groot deel uit type-1 cellen blijkt 
tee bestaan. 

Datt de verhouding tussen type-1 en type-2 cellen in het bloed niet volledig afhankelijk is 
vann de mate van ontsteking in de gewrichten, kan worden afgeleid uit de resultaten van 
hoofdstukhoofdstuk 6. In dit hoofdstuk wordt bij patiënten met artritis de type-1/type-2 ratio in het 
bloedd bepaald met een interval van drie maanden. Ondanks dat er grote verschillen zijn in 
activiteitt van de ziekte russen deze twee tijdspunten zijn er geen correlaties met 
veranderingenn in de type-1/type-2 ratio. 

Inn hoofdstuk 2 wordt er, net als bij ankyloserende spondylitis {hoodstuk 4), geen verschil 
waargenomenn tussen de type-1 en type-2 ratio in het bloed bij patiënten met reumatoide 
artritiss en gezonde personen, terwijl deze ratio bij SLE patiënten duidelijk lager is 
{hoofdstuk{hoofdstuk 3). 
Hett lijk t dus zo te zijn dat ondanks het feit dat er verschillen bestaan in de perifeer bloed 
type-l/type-22 ratio's tussen individuen, deze ratio niet sterk gerelateerd is aan het 
ontwikkelenn van artritis. Bovendien blijkt dat bij het aanwezig zijn van artritis, de maat van 
onstekingg niet gereflecteerd wordt in de type-l/type-2 ratio in het bloed maar eerder door 
diee in het gewricht. 

Datt de type-l/type-2 verhouding in het perifeer bloed op termijn toch invloed kan hebben 
opp het verloop van reumatoide artritis wordt gezien in hoofdstuk 7 en 8, Hier blijkt dat in 
eenn cohort van patiënten met "early arthritis'1 deze ratio wel gerelateerd is met het 
persisterenn van ziekteactiviteit gedurende een jaar. Dit verband wordt echter alleen gezien 
bijj  vrouwen die met hoge ziekte activiteit binnen komen. Deze waarneming bevestigt 
voorall  de multifactoraliteit van het ontstaan en het beloop van reumatoide artritis maar 
maaktt tegelijk onderzoek naar de relatie tussen de type-l/type-2 ratio in een vroeg stadium 
tott progressie van de ziekte op langere termijn de moeite waard. 
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HierbijHierbij  wil ik iedereen bedanken die heeft bijgedragen aan het tot stand 
komenkomen van dit proefschrift. 
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