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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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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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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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