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EFFECT OF METHOTREXATE ALONE OR IN COMBINATION WITH 
SULPHASALAZINE ON THE PRODUCTION AND CIRCULATING 

CONCENTRATIONS OF CYTOKINES AND THEIR ANTAGONISTS. 
LONGITUDINAL EVALUATION IN PATIENTS WITH RHEUMATOID

ARTHRITIS

P. BARRERA,*t C. J. HAAGSMA,* A. M.Th. BOERBOOMS,* P. L. C. M. VAN RIEL,* 
G. F. BORM ,J L. B. A. VAN DE PUTTE* and J. W. M. VAN DER M EERf

* Department of Rheumatology, t Department of Internal Medicine, \Department of Medical Statistics,
University Hospital and University of Nijmegen, Nijmegen, The Netherlands

SUMMARY

In a recent study from our group, the combination of methotrexate and sulphasalazine (MTX + SASP) seemed superior to MTX 
alone in the treatment of rheumatoid arthritis (RA). To assess the impact of these therapies on the cytokine cascade, the in vitro 
production and circulating concentrations of several cytokines and endogenous cytokine antagonists were measured in 30 healthy 
controls and longitudinally in a subset of 26 patients enrolled in this study. Compared to controls, RA patients had significantly 
higher circulating concentrations of interleukin-6 (IL-6), soluble receptors for tumour necrosis factor (sTNFR), soluble receptors 
for interleukin-2 (sIL-2R) and interleukin-1 receptor antagonists (IL-1RA), and their peripheral blood mononuclear cells 
(PBMNC) showed a higher spontaneous production of interleukin-1/i (IL-l/i), tumour necrosis factor a (TNFa) and IL-1RA 
(both secreted and cell-associated) and a higher stimulated production of cell-associated TNFa, IL-1RA and (to a lesser extent) 
IL-l/i. Treatment with MTX alone (n = 12) or combined with SASP (n = 14), resulted in significant reductions of circulating 
IL -6 and sIL-2R but did not alter IL-l/i, TNFa or IL-1RA concentrations. Decreases in circulating levels of sTNFR and in 
the in vitro production of cell-associated IL-l/i and IL-1RA after stimulation were only observed in patients treated with 
MTX + SASP. The concentrations of IL-1RA and sTNFR in the circulation exceeded moderately those of IL-l/i and TNFa 
but this is probably insufficient to block IL-1 and TNFa activity. In conclusion, therapy with MTX alone or with SASP modulates 
IL -6 and sIL-2R concentrations in RA. Decreased production of IL-l/i and IL-1RA and circulating sTNFR levels were only 
observed during therapy with MTX -f SASP. Whether this relates to the better clinical effect observed with the combination 
therapy remains to be investigated. Circulating levels of IL-6, sIL-2R and sTNFR seem useful markers of disease activity in 
RA.

K ey  w o r d s : Cytokines, Methotrexate, Sulphasalazine, Combination therapy.

The involvement of cytokine networks in the pathogen
esis of rheumatoid arthritis (RA) is proved beyond 
discussion [1,2]. Proinflammatory cytokines such 
as interleukin-1 (IL-1) and tumour necrosis factor a 
(TNFa) [3,4] are present in the rheumatoid synovial 
membrane and implicated in cell proliferation, syn
thesis of prostaglandins, metalloproteinases and inter- 
leukin-6 (IL-6) [5], proteoglycan breakdown and bone 
resorption [1]. Intra-articular injection of IL-1 [6] and 
TNF [7] result in joint inflammation and blocking IL-1 
and TNF ameliorates several animal models of arthritis 
[8, 9]. IL-6, the major inducer of acute-phase response 
[10], is also present in RA synovial tissue [2] and 
may amplify the inflammatory process by its action on 
B- and T-cells [1]. However, in contrast to IL-1 and 
TNF, IL-6 does not enhance prostaglandins or col- 
lagenase production and may counteract inflammation 
by enhancing the synthesis of tissue inhibitor of metal- 
loproteinase-1 [11] and reducing IL-1 and TNF pro-
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duction [12]. The role of these cytokines in human
t

arthritis is supported by preliminary studies showing 
improvement during IL-1 [13], TNF [14], and IL-6 [15] 
blockade in RA patients.

The activity of cytokines in biological fluids is subject 
to modulation by natural inhibitors and soluble 
cytokine receptors. The IL-1 receptor antagonist (IL- 
1RA), a competitive inhibitor of IL-1 which binds 
to the IL-1 receptors without inducing a biological 
response [16] is present in the rheumatoid synovial 
membrane [17]. High concentrations of soluble recep
tors for IL-2 (sIL-2R) [18-20] and TNF (sTNFR) 
[19, 21] have been detected in plasma and synovial fluid 
of RA patients. The sIL-2R, a soluble form of the 
a chain IL-2 receptor, is a marker of lymphocyte 
activation in vivo [22] and may be useful to monitor 
disease activity in RA [18]. The two types of sTNFR 
(p55 and p75) are shed from the cellular membrane 
and bind to TNF in solution acting as endogenous 
TNF antagonists [23].

Methotrexate (MTX) and sulphasalazine (SASP) are 
currently used anti-rheumatic drugs. Although their 
mechanism of action remains unclear, several reports 
suggest that these drugs may differ in their effects on 
circulating cytokines and cytokine production. In vitro 
studies with MTX have shown inhibitory effects on
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IL-1 [24] and IL-6 but not TNF bioactivity [25] while 
SASP has been reported to decrease IL-1 [26,27] and 
TNF [27] production and to inhibit the binding of 
TNFa to its receptor [28]. Furthermore in RA patients, 
decreases in synovial levels of IL-1 fi [29], in the pro
duction of IL-1 by peripheral blood mononuclear cells 
(PBMNC) [30, 31] and in circulating concentrations of 
IL-6, p55 sTNFR [19] and sIL-2R [19,20] have been 
reported during MTX, whereas treatment with SASP 
has been associated with reductions in IL-1 a, IL-l/i and 
TNFa [32], but not in sIL-2R [33] or IL-6 [32] concen
trations, though the latter was not corroborated in 
another study [34].

To date, the effect of combination therapy with 
MTX and SASP on cytokines has not been assessed. 
Therefore, after a recent study in our centre showed 
that the combination of MTX and SASP was superior 
to MTX alone in the treatment of active RA [35], we 
analysed the effects of these therapies on circulating 
levels and on the in vitro production of several 
cytokines and their endogenous antagonists.

PATIENTS

Twenty-six patients with active RA enrolled in a 
24-week, randomized, open trial of MTX vs MTX in 
combination with SASP [35] and 30 healthy controls 
(laboratory staff) were studied. Cytokine concen
trations were assessed at baseline and after 4, 8 and 24 
weeks. Fourteen additional patients enrolled in the 
original clinical study [35] were excluded from cytokine 
measurements since they were controlled in another 
centre. Active RA was defined as a disease activity 
score (DAS) >3. The DAS is a validated score 
composed of the Ritchie Articular Index, number of 
swollen joints, erythrocyte sedimentation rate (ESR) 
and patient well-being on a visual analogue scale [36]. 
Twelve patients were allocated to therapy with MTX 
alone (7.5 mg weekly in a single dose) and 14 patients 
to the combination MTX + SASP (2000 mg daily in 
two doses). If no clinical improvement was observed 
after 16 weeks, the MTX dose was increased to 
15 mg weekly. Non-steroidal anti-inflammatory drugs 
(NSAIDs) were kept at a stable dose and no cortico
steroids were administered either at study entry or 
during the study.

METHODS

Circulating cytokine concentrations
Blood samples used to assess circulating cytokines 

(IL-l/i, TNFa, IL-1 RA) and soluble receptors (sIL-2R, 
sTNFR) were drawn in Vacutainer tubes (Becton & 
Dickinson, Rutherford, NJ, USA), containing 48/d 
EDTA-K3and 250 fi\ aprotinin (10 000 kallikrein inac
tivating units/ml, Bayer, Mijdrecht, The Netherlands). 
IL-6 was measured in serum from a Vacutainer tube 
without additives. Samples were centrifuged lOmin at 
2250 g and 5 min at 15 000g to remove the platelets 
and frozen at — 80 C until assay.

Cytokine production by PBMNC
The production of IL-l/f, TNFa and IL-1RA was 

assessed. sTNFR production was not measured since 
PBMNC do not seem to release these receptors either 
spontaneously or after LPS stimulation [31]. PBMNC 
were isolated from heparinized blood by Percoll 
(Pharmacia, Upsala, Sweden) centrifugation 
((} = 1.075 g/ml) at 4 C and washed twice in saline. 
PBMNC were suspended at a concentration of 5 x 106 
cells/ml in RPMI complete medium [RPMI 1640 
medium with 20 mM HEPES (Flow, UK) supplemented 
with 2 mM L-glutamine (Gibco, New York, USA), 
1 mM pyruvic acid (Sigma, St Louis, MO, USA), 
50//g/ml gentamicin and 5% heat-inactivated pooled 
human serum]. Aliquots of 100//I (5 x 10" cells) were 
added to 96-well round-bottomed microtitre plates 
(Greiner, Feirickenhausen, Germany). An equal vol
ume of RPMI complete medium with or without 
lipopolisaccharide (LPS) (50 ng/ml final concentration) 
was added. The plates were incubated at 37 C in a 
humidified, 5% CO: atmosphere for 24 h. Thereafter, 
the supernatants containing secreted cytokines, were 
centrifuged for 5 min at 13 000g. The remaining cell 
fractions were resuspended in 200//I RPMI complete 
medium/well and exposed to three freeze-thaw cycles 
to lyse the cells and obtain material to measure cell- 
associated cytokines. The samples were stored at
— 80 C. The RPMI culture medium, Percoll and saline 
used in this study were sterile and pyrogen-free.

Cytokine assays
IL-1 /j, TNFa [31] and IL-1RA [37] were assessed by 

radioimmunoassays (RIA) with an average sensitivity 
of 40, 60 and 150pg/ml, respectively. The RIAs for 
IL-l/i and IL-1RA are specific, i.e. the coexistence of 
IL-l/i and IL-1RA in a given sample does not alter the 
results (unpublished results and [37]). IL-6 was 
measured by a B9 hybridoma bioassay with a sensi
tivity of 0.3 U/ml. As previously reported, this assay is 
not influenced by treatment with MTX or SASP [38]. 
sTNFR (p55 and p75) were measured by enzyme- 
linked binding assay (ELIBA) (kind gift of Dr H. 
Gallati, Hoffmann la Roche, Basel, Switzerland) with 
a sensitivity of 100pg/ml. The assays for TNFa 
and sTNFR measure total concentrations (both free 
levels and complexes of TNF and sTNFR) as pre
viously reported [31]. sIL-2R was measured using 
an enzyme-linked immunosorbent assay (ELISA) 
(Innotest hIL-2Rs, Innogenetics, Antwerp, Belgium), 
according to the manufacturer’s instructions. The aver
age sensitivity of this ELISA is 390 pg/ml. To minimize 
interassay variations, all samples were measured in a 
single assay.

STATISTICAL ANALYSIS

Baseline variables were compared using the Student 
/-test or Wilcoxon rank sum test. Closed testing pro
cedures [39] were used to compare cytokine measure
ments during the study with pretreatment values. 
Differences in cytokine concentrations between groups 
during the 24-week follow-up were analysed by a



TABLE I

Clinical and laboratory parameters at baseline (mean±s.D.), and changes after 24 weeks of treatment (mean and 95% confidence intervals)

Baseline Changes week 24 vs baseline

Variable M TX {n = 12) M TX + SASP (/; =  14) M TX M TX + SASP P

Age (yr) 52.2 ± 13.6 58.9 ± 10.6

Sex (female/male) 9/3 12/2

Disease duration (yr) 4.9 ±4.8 4.6 ± 4.6

Previous D M A R D s  (number) 0.75 ± 1.16 0.79 ± 1.01

Duration SASP use (months) 23.9 ± 14.3 20.1 ± 13.8

RF  positive (number) 10 11

Ritchie articular index 16.6 ±5.3 18.4 ± 7.1 7.4 (-11 to -3.8) -15.4 ( — 18.5 to -12.2) <0.005

DAS 5.1 ±0.6 5.3 ±0.9 -1.1 ( — 1.8 to -0.5) -2.8 ( — 3.3 to -2.4) <0.001

Number swollen joints 23.7 ±6.7 22.3 ±7.1 -3.8 ( — 6.2 to -1.3) -13.5 ( — 17.5 to -9.5) <0.001

Number painful joints 21.9 ±8.2 26.2 ±6.2* -10.3 ( — 15.1 to -5.4) -22.6 ( — 25.8 to 19.4) <0.001

VAS wellbeing (mm) 43.4 ± 14.9 60.4 ± 25.4 -9.2 (-25.1 to 6.8) -33.5 ( — 46.6 to -20.4) <0.05

VAS pain (mm) 49.9 ± 19.0 61.0 ± 19.5 -16.9 (-31.9 to -1.9) -39.2 ( — 50.4 to -28) <0.05

Morning stiffness (min) 107 ±93 101 ±89 -30 (-  105 to 45) -88 (-131 to -46)

Grip strength right/left hand (kPa) 19.1/17.8 ± 10.5/9.5 22.4/18.4 ± 19.8/10.4 6.0/6.6 (0.6 to 11.4/0 to 13.1) 14.2/17.9 (9.3 to 19.2/9 .2 to 26.7) <0.05

ESR (mm) 37.5 ±25.3 36.9 ± 18.4 -14.2 (-22  to -6.3) — 22 ( — 31 to -13.4)

Haemoglobin (mmol/1) 7.2 ± 1.0 7.3 + 0.8 0.37 (0 to 0.7) 0.14 (-0 .2  to 0.4)

M C V  (fl) 86.8 ±8.7 89.8 ±6.6 0.08 (-3.1 to 3.2) 3.09 (1.5 to 4.7) <0.05

Platelets (x  109/l) 361 + 123 300 ± 45 -32 (-85  to 21) -35 ( — 54 to -16)

C R P  (mg/1) 63 + 50 77 ±67 -40 (- 60  to -20) -53 ( — 91 to -16)
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DAS, disease activity score; M TX, methotrexate; SASP, sulphasalazine; D M A R D s , disease-modifying 

ESR, erythrocyte sedimentation rate; MCV, mean corpuscular volume; CRP, C-reactive protein.

P values refer to significant differences between therapy groups.

*Except in the number of painful joints (P<0 .05 ) no significant difference was observed at baseline.

anti-rheumatic drues; VAS, visual analogue scale; RF, rheumatoid factor;
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distribution-free test for curve analysis [40]. Spear
man’s rank correlation coefficient was used to elevate 
correlations between variables at study entry, and 
between changes in variables after 24 weeks. A two- 
sided P value of 0.05 was considered to be significant. 
The clinical trial was an open study [35], but cytokine 
measurements were performed in a modified single
blind fashion.

RESULTS

Clinical results

No significant differences in pretreatment character
istics were observed between both treatment groups 
except for the number of painful joints which was 
higher in the group treated with combination therapy 
(Table I). After 24 weeks of treatment, improvement 
was observed in both treatment groups. However, the 
combination therapy proved to be superior to MTX 
alone as reflected by the more pronounced changes in 
clinical variables including the Ritchie Articular Index, 
DAS, number of swollen and painful joints, general 
well-being, pain score, grip strength (Table I) and the 
number of patients where the MTX dose was increased 
after 16 weeks because of lack of improvement (/? = 8, 
all but one in the MTX group). Toxicities occurred 
with similar frequency in both treatment groups and 
were observed in seven patients treated with MTX 
alone (gastrointestinal n = 5, increase in transaminases 
n = 2, headache n = 1, stomatitis n = 1) and in six 
patients treated with MTX + SASP (gastrointestinal 
n = 2, increase in transaminases n = 5). One patient in 
the combination group dropped out at week 4 because

of the development of an ‘overlap syndrome’ with 
leucopenia, lung abnormalities, skin lesions and anti-ds 
DNA antibodies. The results of this small open study 
suggest that the combination MTX -f- SASP is clinically 
superior and not more toxic than MTX alone [35]. 
This is currently being evaluated in large double-blind 
trials comparing MTX + SASP versus the individual 
components.

Baseline comparisons in cytokine concentrations

Compared to healthy controls, the circulating con
centrations of IL-6, soluble TNF and IL-2 receptors 
and IL-1RA and the spontaneous production of 
secreted and cell-associated IL-1/?, TNFa and IL-1RA 
by PBMNC were significantly higher in RA patients 
(Table II). The production of cell-associated cytokines 
after in vitro stimulation was also higher in RA patients 
and this difference was significant for TNFa and 
IL-1RA. In contrast, the concentrations of IL-l/i and 
TNFa in the circulation and the secreted amount of 
IL-1 /?, TNFa and IL-1RA after PBMNC stimulation 
were similar in patients and controls (Table II). No 
differences in pretreatment levels of circulating cyto
kines or cytokine production by PBMNC were 
observed between treatment groups (data not shown). 
In RA patients, circulating IL-1RA concentrations 
were higher (median 4-fold) than those of IL-l/i and 
the ratio sTNFR to TNFa was 20-30 and 40-70 for 
p55 and p75, respectively. The spontaneous production 
of IL-1RA in vitro exceeded that of IL-1 /? by 10-20- 
fold in the secreted fraction and 3-6-fold in the 
cell-associated fraction, respectively. In contrast, the

TABLE II

Circulating cytokines and cytokine production by PBM N C in healthy controls and RA patients at baseline. Median and (25, 75 percentile)

Variable Controls (n = 30) Patients (n =  26) P

Circulating concentrations
IL-I/i (pg/ml) 65 (ND-90) 77.5 (70-85) NS

TNFa (pg/ml) 105 (85-115) 92.5 (75-105) NS

IL-6 (U/ml) 1.6 (1.2-2.2) 29.4 (11.5-38.9) <0.001

p55 (pg/ml) 950 (630-1100) 2110 (1730-2700) <0.001

p75 (pg/ml) 3035 (2710-3290) 4785 (3720-7150) <0.001

sIL-2R (pg/ml) 1825 (1300-2838) 4625 (3150-7200) <0.001

IL-1RA (pg/ml) 220 (205-285) 312 (230-520) 0.005

Production by PBMNC : 

Secreted without stimulation
IL-l/y (pg/ml) 100 (65-165) 375 (155-1940) <0.001

TNFa (pg/ml) 72.5 (ND-150) 152.5 (65-565) 0.01

IL-1RA (pg/ml) 2880 (2420-4070) 5305 (2480-7200) 0.02

Cell-associated without stimulation
\L-[ß (pg/ml) 257 (185-510) 743 (485-1840) <0.001

TNFa (pg/ml) N D N D 72.5 (35-135) <0.001

IL-1RA (pg/ml) 1690 (1250-2200) 4810 (1270-6690) 0.005

Secreted after stimulation

IL-1 /? (pg/ml) 10 650 (6970-14 100) 10 500 (4080-15 400) NS

TNFa (pg/ml) 2535 (1930-3590) 3445 (1570-5500) NS

IL-RA (pg/ml) 7745 (5360-10 600) 8990 (5760-13 200) NS•

Cell-associated a fter stimulation
IL-l/i (pg/ml) 4985 (3080-6470) 7690 (3520-13 200) NS

TNFa (pg/ml) 195 (120-230) 290 (185-390) 0.02

IL-1RA (pg/ml) 4860 (2750-6780) 7895 (3430-14 000) 0.02

PBM NC, peripheral blood mononuclear cells; N D , not detectable, NS, not significant.
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median concentrations of IL-IRA and IL-l/i produced 
after PBMNC stimulation were similar (Table II).

Effects o f treatment in cytokine concentrations

Significant decreases in IL-6 and sIL-2R (Fig. 1A 
and B) occurred in both treatment groups. The baseline 
concentrations of sTNFR in the circulation (Fig. 1C 
and D) and the production of cell-associated IL-1 /? and 
IL-1RA (Fig. 2A and B) after PBMNC stimulation 
tended to be higher (not significant) in patients treated

9

with MTX + SASP, and significant decreases during 
follow-up were only observed in this treatment group. 
The secreted amount of IL-l/i after PBMNC stimu
lation decreased after 4 weeks, especially in the 
group treated with MTX alone, however, the median 
values at week 24 were not significantly different from 
baseline (Fig. 2C). Neither the circulating levels of 
IL-1RA (Fig. IE), IL-1/?, and TNFa nor the spon
taneous production or the secretion of these cytokines 
after PBMNC stimulation (data not shown) showed
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Fig. 1.— Circulating concentrations of interleukin-6 (A), soluble receptors for interleukin-2 (B), soluble tumour necrosis factor receptors 
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significant changes during the study. Longitudinal 
comparison of circulating cytokines and cytokine pro
duction, corrected for pretreatment values, did not 
show significant differences between treatment groups.

Interrelationships between cytokines and other para
meters

sTNFR and sIL-2R showed positive correlations 
with the DAS, number of swollen joints, C-reactive 
protein (CRP) and IL-6 and negative correlations with 
haemoglobin concentrations (Table III). IL-6 measure
ments also correlated with baseline CRP (/* = 0.49, 
P < 0.05) and ESR (r = 0.58, P < 0.005). The pro
duction of IL-1 /?, TNFa and IL-1RA by PBMNC 
showed significant interrelationships but no correlation 
with circulating cytokine levels and clinical or labora
tory measurements of disease activity (data not shown).

DISCUSSION

In the present study circulating cytokines 
(IL-l/i, TNFa, IL-6, IL-1RA), soluble receptors (sIL- 
2R and sTNFR) and the production of IL-l/i, TNFa 
and IL-1RA by PBMNC were longitudinally assessed 
in patients with active RA enrolled in a randomized 
open trial of MTX combined with SASP vs MTX 
alone [35]. Potential different effects of combination 
(MTX-f SASP) and single drug (MTX) therapy on 
the cytokine network could be relevant since: (a) 
MTX + SASP seemed superior and not more toxic 
than MTX alone in the clinical study [35] and (b) 
previous reports had suggested that MTX and SASP 
may differ in their modulation of circulating cytokines 
and cytokine production [24-33].

Several of the parameters studied showed important 
changes during therapy and there were some differ
ences between both therapy groups. Significant 
decreases in the circulating sTNFR levels and in the 
production of cell-associated IL-l/i and IL-1RA after 
stimulation were only observed in patients treated with 
MTX + SASP but not in the MTX group (Figs 1 and 
2). This difference may reflect the fact that baseline 
levels of these parameters were higher (not significant) 
in the group treated with MTX -f SASP, and that 
decreases are more likely to occur in this case. On the 
other hand, it might result from an additional or 
specific effect of SASP on the release of TNF receptors 
and on the production of IL-1 and its antagonist. Early 
decreases in IL-6 and sIL-2R concentrations occurred 
in both therapy groups, being also more marked in the 
group with higher pretreatment levels whereas the 
levels of IL-1/?, TNFa and IL-1RA in the circulation 
remained unchanged.

We have previously demonstrated that MTX therapy 
does not alter TNFa but reduces IL-6 and sIL-2R 
concentrations [19] and this has been corroborated by 
other authors [20,41]. However, our findings in 
patients receiving combination therapy do not support 
the claim that SASP reduces circulating levels of IL-l/i 
and TNFa as reported by Danis et al. [32].

In patients with active RA, we have observed 
reductions in the secretion of IL-l/i by stimulated
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and *P < 0.05 (closed testing) [39].

PBMNC after the first MTX dose [31]. Similar effects 
were observed in the present study after 4 weeks of 
MTX therapy. This effect was not progressive over the 
time, and also not observed in the group treated with 
combination therapy which had lower IL-l/i secretion 
at baseline. Therefore, although MTX may decrease 
IL-l/i secretion in some patients in the short term, it is
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TABLE III

Correlation between circulating concentrations of sTNFR and sIL-2R and several cytokines and clinical and laboratory parameters. Spearman

correlation coefficient between absolute values at entry and between changes vs baseline after 24 weeks

p55 sIL-2R p75

Entry 24 weeks Entry 24 weeks Entry 24 weeks

DAS 0.61 ** 0.66*** 0.48* 0.45* 0.61** 0.43*
Swollen joints 0.67*** 0.64** 0.56** 0.56** 0.59** 0.44*
CRP 0.45* 0.59** 0.35 0.52*
Haemoglobin -0.46* -0.44* -0.40* -0.47*

p75 0.81*** 0.68*** 0.67*** 0.68***
sIL-2R 0.65*** 0.63**

IL-6 0.53** 0.52*

IL-1 RA 0.61** 0.63**

DAS, disease activity score; CRP, C-reactive protein.

***P <0.001, **P < 0.005, *P <0.05.

unlikely that this explains the sustained therapeutic 
effect of this drug. Our results show that, compared to 
healthy controls, RA patients have significantly higher: 
(a) circulating levels of IL-6, sIL-2R, sTNFR and 
IL-1RA, (b) spontaneous production of secreted and 
cell-associated IL-l/i, TNFa and IL-1RA, and (c) 
stimulated production of cell-associated TNFa, IL- 
1 RA and IL-1 /i (not significant) by PBMNC (Table II). 
Elevated concentrations of IL-6 [42,43], sIL-2R 
[18-20] and sTNFR [19,21] have been previously re
ported in RA. These parameters are interrelated and 
show positive correlations with some measures of 
disease activity (Table III). Therefore, a decrease in 
their circulating levels during therapy probably reflects 
clinical improvement. Although it is not likely that 
these parameters will supersede current disease activity 
assessments, they may have some value as disease 
activity markers. In contrast, the concentrations of 
IL-1/? [44, 45] and TNFa in plasma are low and similar 
in RA patients and healthy controls. The increased 
serum TNFa concentrations reported in some studies 
[19,42,46] might have been due to production of 
TNFa in the blood sample during clotting or to 
endotoxin contamination [47, 48]. Our results corrob
orate former findings of an increased spontaneous 
production [49-52] and a normal IL-l/i secretion after 
LPS stimulation [49] in RA. With regard to the pro
duction of TNFa in RA, previous reports have yielded 
contradictory results [51,53]. The higher spontaneous 
in vitro production of cytokines in RA may well reflect 
an activation of PBMNC in vivo.

When the ratios of endogenous antagonists (IL-1 RA 
and sTNFR) to agonists (IL-1 and TNF, respectively) 
were analysed, a moderate excess of the antagonists 
was observed in the circulation. The spontaneous pro
duction of IL-1RA by PBMNC was also somewhat 
higher than the IL-1/? production but this was not the 
case after LPS stimulation. Furthermore, we have 
previously shown that PBMNC from RA patients 
do not release sTNFR either spontaneously or after 
stimulation [31]. Since 10-500- and 30-300-fold higher 
levels of IL-1 RA [16, 17] and sTNFR [54], respectively 
are required for 50% suppression of IL-1 and TNF 
bioactivity, the concentrations of antagonists measured

in this study may not be adequate to block completely 
the effects of IL-1 and TNF. An imbalance between 
IL-1 and IL-1RA has already been suggested to play a 
role in the pathogenesis of RA [17,55] and Lyme 
arthritis [56] and this might also be the case for TNFa 
and its soluble receptors. This hypothesis, sustained by 
the promising results of clinical studies with IL-1RA 
[13] and anti-TNFa monoclonal antibodies [14] in RA, 
encourages further research in the field of anticytokine 
strategies.

Taken together, our results show that circulating 
concentrations of IL-6, sIL-2R, sTNFR and IL-1RA, 
the spontaneous production of IL-l/i, TNFa and IL- 
1 RA and the cell-associated production of these cytoki
nes after PBMNC stimulation are elevated in patients 
with active RA. In this open study, the combination 
MTX + SASP seemed clinically superior to MTX 
alone. Reductions of circulating IL-6 and sIL-2R levels 
were observed in both treatment groups, whereas 
decreases in sTNFR concentrations and the in vitro 
production of cell-associated IL-l/i and IL-1RA after 
stimulation occurred only with the combination 
therapy. Whether this relates to the better clinical 
effect in this patient group or is a specific effect of 
SASP remains to be investigated. Furthermore, the 
circulating levels and production of endogenous antag
onists for IL-1 and TNF in RA may not be sufficient 
to suppress the activity of these pro-inflammatory 
cytokines.

A c k n o w l e d g e m e n t s

We wish to thank H.E.H. Seuren-Jacobs and T.J.G. 
Verver-Jansen for their enthusiastic laboratory assist
ance, P.N.M. Demacker for the help in the im
munoassays, and H. Gallati for the gift of materials for 
the sTNFR ELI BA. This work was supported by a 
grant from the Dutch League Against Rheumatism.

R eferences

1. Arend WP, Dayer JM. Cytokines and cytokine inhibitors 
or antagonists in rheumatoid arthritis. Arthritis Rheum
1990;33:305-15.

2. Firestein GS, Alvaro-Gracia JM, Maki R. Quantitative 
analysis of cytokine gene expression in rheumatoid 
arthritis. J Immunol 1990;144:3347-53.



754 BRITISH JOURNAL OF RHEUMATOLOGY VOL. 34 NO. 8

3. Macnaul KL, Hutchinson NI, Parsons JN, Bayne EK, 
Tocci MJ. Analysis of IL-1 and TNF gene expression 
in rheumatoid synoviocytes by in situ hybridization. 
J  Immunol 1990;145:4154-66.

4. Chu CQ, Field M, Feldmann M, Maini RN. Localization 
of tumor necrosis factor a in synovial tissues and at the 
cartilage pannus junction in patients with rheumatoid 
arthritis. Arthritis Rheum 1991;34:1125-32.

5. Rosenbaum JT, Cugnini R. Tara DC, Heleneider S, 
Ansel JC. Production and modulation of interleukin-6 
synthesis by synoviocytes derived from patients with 
arthritic disease. Ann Rheum Dis 1992;51:198-202.

6. McDonnell J, Hoerrner LA, Lark MW el al. Recomb
inant human interleukin- 1/i-induced increase in levels 
of proteoglycans, stromelysin, and leukocytes in rabbit 
synovial fluid. Arthritis Rheum 1992;35:799-805.

7. O’Byrne EM, Blancuzzi V, Wilson DE, Wong M, Jeng 
AY. Elevated substance P and accelerated cartilage 
degradation in rabbit knees injected with interleukin- 1 
and tumor necrosis factor. Arthritis Rheum 1990;33: 
1023-7.

8. Van de Loo FAJ, Joosten LAB, van Lent PLEM, Arntz 
OJ, van den Berg WB. Role of interleukin-1, tumor 
necrosis factor a, and interleukin-6 in cartilage proteogly
can metabolism and destruction. Effect of/'/? situ blocking 
in murine antigen- and zymosan-induced arthritis. 
Arthritis Rheum 1995;38:164-72.

9. Keffer J, Probert L, Cazlaris H et al. Transgenic mice 
expressing human tumor necrosis factor: a predictive 
model of arthritis. EMBO J  1991;10:4025-31.

10. Van Snick J. Interleukin-6: an overview. Ann Rev 
Immunol 1990:8:253-78.

11. Lotz M, Guerne PA. Interleukin-6 induces the synthesis 
of tissue inhibitor of metalloproteinases-l/erythroid 
potentiating activity (TIMP-1/EPA). J  Biol Chem 1991; 
266: 2017-20.

12. Schindler R, Mancilla J, Endres S, Ghorbani S, 
Clark C, Dinarello CA. Correlations and interactions in 
the production of interleukin-6 (IL-6), IL-1 and tumor 
necrosis factor (TNF) in human blood mononuclear 
cells. IL -6 suppresses IL-1 and TNF. Bloocl 1990:75: 
40-7.

13. Lebsack ME, Paul CC, Martindale JJ, Catalano MA. 
A dose- and regimen-ranging study of IL-receptor antag
onist in patients with rheumatoid arthritis. Arthritis 
Rheum 1993;36:S39.

14. Elliott MJ, Maini RN, Feldmann M et al. Treatment of 
rheumatoid arthritis with chimeric monoclonal anti
bodies to tumor necrosis factor c l. Arthritis Rheum
1993;36:1681-90.

15. Wedling D, Racadot E, Wijdenes J. Treatment of severe 
rheumatoid arthritis by anti-interleukin 6 monoclonal 
antibody. J  Rheumatol 1993;20:259-62.

16. Dinarello CA. Interleukin-1 and interleukin 1 antagon
ism. Blood 1991;77:1627-52.

17. Firestein GS, Boyle DL. Yu C et al. Synovial interleukin-
1 receptor antagonist and interleukin- 1 balance in 
rheumatoid arthritis. Arthritis Rheum 1994;37:644-52.

18. Wood NC, Symons JA, Duff GW. Serum interleukin-2 
receptor in rheumatoid arthritis: a prognostic indicator 
of disease activity? J  Autoimmun 1988;1:353-61.

19. Barrera P, Boerbooms AMTh, Janssen EM et al. 
Circulating soluble tumor necrosis factor receptors, 
interleukin-2 receptors, tumor necrosis factor alpha, and 
interleukin-6 levels in rheumatoid arthritis. Longitudinal 
evaluation during methotrexate and azathioprine 
therapy. Arthritis Rheum 1993;36:1070-9.

20. Polisson RP, Dooley MA, Dawson DV, Pisetsky DS. 
Interleukin-2 receptor levels in the sera of rheumatoid 
arthritis patients treated with methotrexate. Arthritis 
Rheum 1994;37:50-6.

21. Cope AP, Aderka D, Doherty M et al. Increased levels 
of soluble tumor necrosis factor receptors in the sera and 
synovial fluid of patients with rheumatic diseases. 
Arthritis Rheum 1992;35:1160-9.

22. Rubin LA, Nelson DL. The soluble interleukin-2 recep
tor: biology, function and clinical application. Ann Intern
Med 1990;113:619-27.

23. Engelmann H, Novick D, Wallach D. Two tumor necro
sis factor-binding proteins purified from human urine. 
J  Biol Chem 1990;265:1531-6.

24. Segal R, Mozes E, Yaron M, Tartakowski B. The effects 
of methotrexate on the production and activity of inter
leukin-1. Arthritis Rheum 1989;32:370-7.

25. Segal R, Yaron M, Tartakowski B. Methotrexate: mech
anism of action in rheumatoid arthritis. Semin Arthritis 
Rheum 1990;3:190-9.

26. Remvig L, Andersen B. Salicylazosulfapyridine (Sala- 
zopyrin) effect on endotoxin-induced production of inter- 
leukin- 1 -like factor from human monocytes in vitro. 
Scand J  Rheumatol 1990; 19:11-16.

27. Danis VA, Franic GM, Brooks PM. The effect of 
slow-acting anti-rheumatic drugs (SAARDs) and com
bination of SAARDs on monokine production in vitro. 
Drugs Exp Clin Res 1991;17:549-54.

28. Shanahan F, Niederlehner A, Carramanza N, Anton P. 
Sulfasalazine inhibits the binding of TNFa to its recep
tor. Immunopharmacology 1990;20:217-24.

29. Thomas R, Carroll GJ. Reduction of leukocyte and 
interleukin-1/i concentrations in the synovial fluid of 
rheumatoid arthritis patients treated with methotrexate. 
Arthritis Rheum 1993;36:1244-52.

30. Chang DM, Weinblatt ME, Schur PH. The effects of 
methotrexate on interleukin 1 in patients with rheum
atoid arthritis. J  Rheumatol 1992;19:1678-82.

31. Barrera P, Boerbooms AMTh, Dcmacker PNM, van 
de Putte LBA, Gallati H, van der Meer JWM. Circulat
ing concentrations and production of cytokines and 
soluble receptors in rheumatoid arthritis patients: effects 
of a single dose methotrexate. Br J  Rheumatol 1994;33: 
1017-24.

32. Danis VA, Franic GM, Rathjen DA, Laurent RM, 
Brooks PM. Circulating cytokine levels in patients with 
rheumatoid arthritis: results of a double blind trial with 
sulphasalazine. Ann Rheum Dis 1992;51:946-50.

33. Crilly A, Madhok R, Watson J, Capell HA. Serum 
concentrations of soluble interleukin 2 receptor in 
patients with rheumatoid arthritis: effect of second line 
drugs. Ann Rheum Dis 1993;52:58-60.

34. Watson J, Crilly A, Madhok R, Capell H, Sturrock R. 
IL-6 and soluble IL-2 receptor in rheumatoid arthritis 
treated with second line drugs. Biochem Soc Trans 1992; 
20:138S.

35. Haagsma CJ, van Riel PLCM, de Rooij DJ et al. 
Combination of methotrexate and sulfasalazine versus 
methotrexate alone. A randomized open clinical trial in 
rheumatoid arthritis patients resistant to sulfasalazine 
therapy. Br J  Rheumatol 1994;33:1049-55.

36. Van der Heijde DMFM, van’t Hof MA, van Riel 
PLCM, van Leeuwen MA, van Rijswijk MH, van de 
Putte LBA. A comparison of validity of single variables 
and composed indices for measuring disease activity 
in rheumatoid arthritis. Ann Rheum Dis 1992;51 
177-81.



BARRERA ET AL.: METHOTREXATE ALONE OR WITH SULPHASALAZINE IN RA 755

37. Poutsiaka DD, Clark BD, Vannier E, Dinarello CA. 
Production of interleukin-1 receptor antagonist and 
interleukin-\[i by peripheral blood mononuclear cells is 
differentially regulated. Blood 1991;78:1275-81.

38. Barrera P, Boerbooms AMTh, Sauerwein RW, 
Demacker PNM, van de Putte LBA, van der Mcer JWM. 
Interference of circulating azathioprinc but not 
methotrexate or sulfasalazine with measurements of 
interleukin-6 bioactivity. Lymphokine Cytokine Res 
1994;13:155-9.

39. Bauer P. Multiple testing in clinical trials. Statistics in 
Medicine 1991;10:871-90.

40. Koziol JA, Maxwell DA, Fukusima M, Colmerauer 
MEM, Pilch YH. A distribution-free test for tumor 
growth curve analysis with application to an animal 
tumor immunotherapy experiment. Biometrics 1981 ;37: 
383-90.

41. Crilly A, Mclnness IB, McDonald AG, Watson J, Capell 
HA, Madhok R. Interleukin-6 (IL-6) and soluble IL-2 
receptor levels in patients with rheumatoid arthritis 
treated with low dose oral methotrexate. J  Rheumatol
1995;22:224-6.

42. Manicourt DH, Triki R, Fukuda K, Devogelaer JP, 
Nagant de Deuxchaisnes C, Thonar EJMA. Levels of 
circulating tumor necrosis factor a and interleukin-6 in 
patients with rheumatoid arthritis. Relationship to serum 
levels of hyaluronan and antigenic keratan sulfate. 
Arthritis Rheum 1993;36:490-9.

43. Madhok R, Crilly A, Watson J, Capell HA. Serum 
interleukin-6 levels in rheumatoid arthritis: correlations 
with clinical and laboratory indices of disease activity. 
Ann Rheum Dis 1993;52:232-4.

44. Di Giovine FS, Poole S, Situnayake RD, Wadhwa M, 
Duff GW. Absence of correlations between indices of 
systemic inflammation and synovial fluid interleukin 1 
(alpha and beta) in rheumatic diseases. Rheumatol Int 
1990;9:259-64.

45. Holt I, Cooper RG, Denton J, Meager A, Hopkins SJ. 
Cytokine inter-relationships and their association with 
disease activity in arthritis. Br J  Rheumatol 1992;31: 
725-33.

46. Saxne T, Palladino MA Jr, Heinegard D, Talal N, 
Wollheim FA. Detection of tumor necrosis factor a but 
not tumor necrosis factor /i in rheumatoid arthritis

synovial fluid and serum. Arthritis Rheum 1988;31: 
1041-5.

47. Freeman R, Wheeler J, Robertson H, Paes ML, Laidler 
J. In-vitro production of TNF-a in blood samples. Lancet
1990;336:312-3.

48. Riches P, Gooding R, Millar BC, Rowbottom AW. 
Influence of collection and separation of blood samples 
on plasma IL-1, IL-6 and TNF-a concentrations. 
J  Immunol Meth 1992;153:125-31.

49. Danis VA, March LM, Nelson DS, Brooks PM. Inter
leukin-1 secretion by peripheral blood monocytes and 
synovial macrophages from patients with rheumatoid 
arthritis. J  Rheumatol 1987;14:33-9.

50. Nouri AME, Panayi GS, Goodman SM, Waugh APW. 
Cytokines in rheumatoid arthritis: production of IL-1. 
Br J  Rheumatol 1985;24(suppl. 1): 191-6.

51. Ruschen S, Stellberg W, Warnatz H. Kinetics of cytokine 
secretion by mononuclear cells of the blood from 
rheumatoid patients are different from those of healthy 
controls. Clin Exp Immunol 1992;89:32-7.

52. Hahn G, Stuhlmuller B, Hain N, Kalden JR, Pfizenmaier 
K, Burmester GR. Modulation of monocyte activation in 
patients with rheumatoid arthritis by leukapheresis 
therapy. J  Clin Invest 1993;91:862-70.

53. Franchimont P, Reuter A, Vrindts-Gevaert Y et al. 
Production of tumor necrosis factor-«, interferon-}' and 
interleukin-2 by peripheral blood mononuclear cells of 
subjects suffering from rheumatoid arthritis. Scand J  
Rheumatol 1988;17:203-12.

54. Van Zee KJ, Kohno T, Fischer E, Rock GS, Moldawer 
LL, Lowry SF. Tumor necrosis factor soluble receptors 
circulate during experimental and clinical inflammation 
and can protect against excessive tumor necrosis factor 
a in vitro and in vivo. Proc Natl Acad Sci USA 1992; 
89:4845-9.

55. Malyak M, Swaney RE, Arend WP. Levels of synovial 
fluid interleukin- 1 receptor antagonist in rheumatoid 
arthritis and other arthropathies: potential contribution 
from synovial fluid neutrophils. Arthritis Rheum 1993;36: 
781-9.

56. Miller LC, Lynch EA, Isa S, Logan JW, Dinarello CA, 
Steere AC. Balance of synovial fluid IL-1 p and IL-1 
receptor antagonist and recovery from Lyme arthritis. 
Lancet 1993;341:146-8.


