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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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