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Effects of Antirheumatic Agents on Cytokines
Pilar Barrera, Agnes M.Th, Boerbooms, Leo B.A. van de Putte,

and Jos W.M. van der Meer

A review of the literature concerning the effects of traditional antirheumatic 
drugs on cytokines and the cytokine and anticytokine approaches already used 
in the therapy of rheumatoid arthritis (RA) is presented. Many antirheumatic 
drugs are capable of cytokine modulation in vitro. Corticosteroids inhibit the 
transcription of a broad spectrum of genes including those encoding monocyte, 
T cell-derived cytokines and several hemopoietic growth factors, whereas 
drugs such as cyclosporin A and D-penicillamine interfere with T cell activation 
more specifically by suppressing interleukin 2 (IL-2) production. The in vivo 
effects of drug therapy on cytokines in RA patients are less well established. 
Gold compounds reduce circulating IL-6 levels and the expression of monocyte- 
derived cytokines, such as IL-1, tumor necrosis factor (TNF), and IL-6, in the 
rheumatoid synovium. Decreases in circulating IL-6, soluble IL-2 (slL-2R), and 
TNF receptors and in synovial fluid IL-1 levels have been reported with 
methotrexate. Reductions in circulating IL-6 and slL-2R concentrations have 
also been observed with cyclosporin and corticosteroids, whereas azathioprine 
reduces IL-6 but not $IL-2R. Studies on sulfasalazine are conflicting and the in 
vivo effects of D-penicillamine and antimalarials have not been studied yet. 
Interferon 7 therapy is not effective in RA but may prove a useful antifibrotic for 
systemic sclerosis. Colony stimulating factors improve the granulocytopenia 
associated with Felty's syndrome or drug toxicities but can induce arthritis 
flares and should be reserved to treat infectious complications. Promising 
results are being obtained with selective antagonism of TNF and IL-1 in RA, and 
combinations of anticytokine strategies with traditional antirheumatic drugs 
have been already envisaged. These should preferably be based in a broader 
knowledge of the effects of antirheumatic agents on the cytokine network. 
Semin Arthritis Rheum 25:234-253, Copyright © 1996 by W.B. Saunders Com­
pany
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T HE PHARMACOLOGICAL agents used 
in the therapy of rheumatoid arthritis 

(RA) have been traditionally subdivided into
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nonsteroidal anti-inflammatory drugs (NSAIDs), 
disease modifying or slow-acting antirheumatic 
drugs (DMARDs or SAARDs), and corticoste­
roids. All of these drugs are clinically effective 
and, according to a recent classification, can be 
denominated symptom-modifying anti-rheu­
matic drugs (SMARDs). The term disease- 
controlling antirheumatic therapy (DC-ART) is 
reserved for those SAARDs capable of modify­
ing not only clinical symptoms, but also radiologi­
cal and functional outcome1 (Fig 1). Despite 
broad experience with antirheumatic drugs, their 
mechanisms of action are only partially under­
stood. This is especially true for the SAARDs, a 
heterogeneous group that includes antimala­
rials, thiol compounds, sulfonamides, and anti­
metabolites, as well as cytotoxic and immunosup-
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Fig 1 : Schematic representation of the pathogenesis, manifestations, and therapeutic interventions in 
RA. Joint inflammation, involving processes such as homing, chemotaxis and activation of cells 
together with the proliferation of synovial tissue, pannus formation, and angiogenesis eventually result 
in irreversible destruction of cartilage, bone, and periarticular structures. Recognition of the involve­
ment of cytokines in the initiation and perpetuation of these events has prompted the introduction of 
anticytokine therapies for RA. NSAIDs, steroids, and SAARDs are SMARDs capable of alleviating the 
local and systemic manifestations of RA. Only those SAARDs that alter disease outcome should be 
considered DC-ART.

pressive agents. Many SAARDs interfere with 
cellular metabolic processes and have nonspe­
cific anti-inflammatory, immunoregulatory, and 
anti-angiogenic effects, which may contribute to 
their efficacy or toxicity, but usually do not fully 
explain their therapeutic effects.

Cytokines are a complex family of peptides 
with specific receptors that mediate intercellu­
lar communication and play a crucial role in 
immunologic and inflammatory reactions. The 
evidence implicating cytokines in the pathoge­
nesis of RA and other autoimmune diseases has 
had repercussions on the treatment of these 
disorders. It is known that several drugs, inclu­
ding SAARDs, modulate the cytokine network. 
This may be important because cytokines con­
trol the proliferation, activation, traffic, and 
homing of immunocompetent cells in the joint, 
as well as the growth and function of synovial, 
cartilage, bone, and endothelial cells. Further­
more, some circulating cytokines or cytokine 
receptors may act as markers of disease activity 
or immune activation and prove useful in moni­
toring the effects of treatment. Finally, and

more importantly, selected cytokines and anticy­
tokines are being used to treat RA, and the 
search for pharmacological agents with specific 
cytokine-suppressive properties has just begun. 
In this report, we review the modulatory proper­
ties of several SAARDs and other pharmacologi­
cal agents on the cytokine network and summa­
rize the clinical experience with cytokine and 
anticytokine strategies in the treatment of RA.

THE CYTOKINE NETWORK IN RA

A detailed review of the cytokine network is 
beyond the scope of this paper. Therefore only 
relevant aspects will be briefly mentioned. Ac­
cording to their biological effects, cytokines can 
be classified as proinflammatory or anti-inflam­
matory, fibrotic, growth and chemotactic factors 
(Table 1). Such a functional classification is an 
oversimplification because cytokines are charac­
terized by pleiotropism (one cytokine possesses 
multiple functions), overlap (several cytokines 
share similar effects), and mutual regulation. 
Nevertheless, by considering their function, bet­
ter insight into the links between cytokines and
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Table 1: Cytokines Relevant for Rheumatoid Arthritis: Functional Classification

Main Cell
Cytokine Source Function Other Effects

Interleukins and tumor necrosis factor
IL-1 and M0, many Proinflammatory Fever, anorexia, acute phase reaction

TNF a other ceils Cartilage and bone breakdown, fibroblast proliferation, adhesion 
molecule expression 

Stimulate synthesis of many other cytokines, such as IL-6, LIF, 
chemokines, growth- and colony-stimulating factors

IL-2 T cell (Th1) Immunostimulation T and B cell activation and proliferation, DTH reaction, t  CTL, NK, 
and LAK activity

IL-4 T cell (Th2) Anti-inflammatory B, T, and mast cell growth, synthesis of IgE, IgG 1 and lgG4 
t  IL-1 Ra and 1 IL-1, TNF, IL-6, IL-8, IFN-y production

IL-6 M0, many 
other cells

Proinflammatory

Anti-inflammatory

B and T cell proliferation and activation, Ig synthesis, thrombo- 
poiesis, mediates some IL-1 effects 

Acute phase reaction, synthesis of metalloproteinase inhibitors, 
feedback mechanism for IL-1 and TNF

IL-10 T cells Anti-inflammatory B cell differentiation and Ig synthesis, i  class II HLA expression 
f  IL-1 Ra and j  IL-1, TNF, IL-6, IL-8, IFN7 and IL-2 production

IL-13 T cells Anti-inflammatory iL-4—like activities
Chemokines

*

IL-8 family M0, other 
cells

Proinflammatory Chemotactic for neutrophils and T cells, neutrophil activation and 
degranulation

MCP-1 M0, other Proinflammatory Chemotactic for mononuclear ceils, monocyte activation
family cells

Growth factors
TGFß M0 , many 

other cells
Anti-inflammatory

Proinflammatory

Immunosuppressive

Matrix and collagen synthesis, 1 IL-1 and TNF and f  IL-1 Ra pro­
duction, I  IL-1 R expression 

Chemotactic for neutrophils and fibroblasts, fibroblast prolifera­
tion, angiogenesis, osteophyte formation 

|  T and B cell proliferation, J, CTL, NK and LAK activity
FGF, M0 , endo­ Proliferative Fibroblast proliferation
PDGF, thelial Profibrotic Matrix synthesis, angiogenesis
PD-ECGF, cells.
VEGF platelets,

other
Colony stimulating factors

GM-CSF M0 , many 
other cells

Proinflammatory Growth and differentiation of granulocyte and M0 progenitors in 
bone marrow 

|  expression of class II HLA and adhesion molecules 
M0 activation, phagocytosis and cytokine production, chemo­

tactic for monocytes
G-, M-CSF M0 , other 

cells
Proinflammatory Growth and differentiation of granulocyte and M0 progenitors in 

bone marrow 
Neutrophil and monocyte activation

Interferons
IFN̂ y T cells Immunostimulation T, NK cell, and M0 activation, |  expression of class II HLA and 

adhesion molecules 
Antiproliferative, antifibrotic

Other
LIF T cells Proinflammatory IL-6-like activities, bone and cartilage resorption

Abbreviations: CSF, colony stimulating factor; G, granulocytes; M, macrophages; CTL, cytotoxic T lymphocytes; DTH, delayed type 
hypersensitivity; GF, growth factor; FGF, fibroblast GF; HLA, human leucocyte antigen; Ig, immunoglobulin; IFN, interferon; IL, 
interleukin; IL-1R, IL-1 receptor; IL-1Ra, IL-1 receptor antagonist; LIF, leukemia inhibitory factor; LAK, lymphokine activated killer cell; 
M0, macrophage; MCP-1, monocyte chemoattractant protein-1; MCAF, monocyte chemotactic and activating factor; NK, natural killer 
cell; PDGF, platelet-derived GF; PD-ECGF, platelet-derived endothelial cell GF; TGFp, transforming GF-0; TNF, tumor necrosis factor; 
VEGF, vascular endothelial GF.
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other processes involved in RA and their poten­
tial consequences for therapy can be gained.

Because of their systemic and local effects, 
interleukin 1 (IL-1) and tumor necrosis factor a 
(TNFa) are the prototypes of pro-inflammatory 
cytokines.2 Compelling evidence from in vitro 
studies and experimental arthritis models shows 
that tissue destruction and joint inflammation 
are independently regulated by IL-1 and TNF 
and that these mediators orchestrate the ar­
thritic process.2»3 The IL-1 “family’' consists of 
three related peptides: IL-la, which is primarily 
cell bound, IL-1(3, which is primarily secreted, 
and the IL-1 receptor antagonist (IL-IRa). 
These three molecules are each capable of 
binding to the membrane receptors, but only 
IL-la and (3 are biologically active. The IL-IRa 
occupies the receptor but does not activate 
signal transduction, and therefore it acts as a 
competitive IL-1 inhibitor.4 There are two types 
of IL-1 receptors. Type I (IL-1RI) mediates 
signalling activity and has a higher affinity for 
IL-la and IL-IRa, whereas type II (IL-1RII) is 
a decoy receptor, which lacks signalling capacity 
and has a higher affinity for IL-1 p.5 Membrane- 
bound and soluble forms of the IL-1RII decoy 
receptor and the IL-IRa together represent 
natural mechanisms for counteracting the poten­
tially toxic role of IL-1 in vivo.

TNFa and the related lymphotoxin (TNFp) 
bind to two forms of membrane receptors, type 
1 or p55 and type 2 or p75, which are active in 
signal transduction, and can be cleaved from the 
cell membrane yielding soluble forms (sTNFR). 
The sTNFRs behave as endogenous antagonists 
by binding TNFa, preventing it from attaching 
to the membrane receptors, but may also func­
tion as carrier molecules that preclude TNF 
degradation.6

IL-1, IL-IRa, and TNFa are present in the 
rheumatoid synovial membrane and can be 
detected in plasma and in synovial exudates of 
RA patients together with soluble forms of both 
TNFR and type II IL-1R. Compared with IL- 
IRa and sTNFR, the concentrations of IL-1 and 
TNF in biological fluids are low but this excess 
of antagonists may not be sufficient to block the 
activity of IL-1 and TNF completely.2

IL-1 and TNFa are arthritogenic in several 
animal models, and antagonizing their effects 
reduces the severity, or even prevents arthri­

tis.2’3 Moreover, these cytokines occupy a high 
position in the cytokine hierarchy because they 
stimulate the production of each other and of 
many proinflammatory cytokines including 
granulocyte-macrophage colony-stimulating fac­
tor (GM-CSF), IL-6, leukemia-inhibitory fac­
tor, IL -8 and other chemotactic factors.7 It is 
therefore not surprising that ongoing anticyto­
kine strategies for RA are primarily focused on 
suppressing the actions of IL-1 and TNF.

IL-6 stimulates B and T cell differentiation 
and activation, as well as immunoglobulin pro­
duction, and shares proinflammatory activities 
with IL-1, TNF, and colony stimulating factors. 
However, IL-6 is not arthritogenic, does not 
induce local prostaglandin-E2 or collagenase 
production, and is anti-inflammatory by promot­
ing the acute phase reaction, upregulating me- 
talloprotease inhibitors,7 suppressing IL-1 and 
TNF synthesis in vitro, and inducing IL-1 and 
TNF endogenous antagonists in vivo.8 More­
over, IL-6 is readily detected in biological fluids 
and may be a useful marker of disease activity.

Several other cytokines, including colony- 
stimulating and growth factors, chemotaxins, 
and the leukemia-inhibitor factor (LIF), are 
also present in the rheumatoid synovial mem­
brane and are thought to perpetuate the ongoing 
inflammation by stimulating cell recruitment 
and activation.7

In contrast to the abundance of monocyte- 
derived cytokines, T cell products are scant in 
the inflamed joint,9’10 which has led to specula­
tion about the role of T cells in RA. T helper 
cells can be divided into Thl (secreting IL-2 and 
IFN7 ) and Th2 subsets (secreting IL-4 and 
IL-5). Other cytokines such as transforming 
growth factor (B (TGF(3), IL-10, and IL-13 are 
not confined to these subsets and are also 
produced by non-T cells.11*12 IL-2 is implicated 
in the activation and proliferation of T, B, and 
natural killer (NK) cells, whereas IFN7  induces 
the expression of class II HLA and adhesion 
molecules, activates macrophages, lymphocytes, 
and NK cell activity and has antiproliferative 
and antifibrotic effects. Lymphocytes from RA 
patients defectively produce IL-2 and IFN7 and 
are hyporresponsive to IL-2, which could ac­
count for the low proliferative responses to 
mitogens and delayed type hypersensitivity in 
RA. Because of its immunostimulatory proper­
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ties, IL-2 has been used in the therapy of 
malignancies, whereas several studies have ex­
amined the effects of IL-2 inhibition13 and IFN7 
therapy in RA .14

In contrast with the low levels of IL-2, high 
concentrations of its soluble receptor (sIL-2R) 
have been detected in several autoimmune 
diseases including RA. These are considered to 
reflect lymphocyte activation and may be useful 
in monitoring disease activity.15

Finally, cytokines such as IL-4, IL-10, IL-13, 
and TGFp are considered anti-inflammatory 
because they inhibit the production of proinflam- 
matory cytokines such as IL-1 and TNF and 
upregulate their inhibitors.12,16 These anti­
inflammatory cytokines are being tested in ani­
mal models and may find therapeutic applica­
tion in human autoimmune diseases.

EFFECTS OF SAARDS AND OTHER 
ANTIRHEUMATIC DRUGS IN CYTOKINE

MODULATION

Our knowledge of the cellular and soluble 
mediators of inflammation has advanced our 
understanding of the mode of action of SAARDs 
in RA. Knowing that cytokines play a key role in 
the cascade of inflammatory responses has 
stimulated research on the effects of antirheu­
matic drugs on these mediators. Several in vitro 
studies and observations in animal models and 
in patients treated with SAARDs suggest that 
some of these agents have cytokine-modulating 
properties. The present section summarizes the 
literature on several SAARDs, corticosteroids, 
and other drugs with “cytokine suppressive” 
properties.

Antimalarials

The antimalarial agents hydroychloroquine 
(HCQ) and chloroquine (CQ) are quinoline 
derivatives that exert a variety of effects on 
immunocompetent cells. These agents accumu­
late in lysosomes, inhibit several enzymes, and 
interfere with the function of monocyte-macro­
phages, which may represent their main mode 
of action. Early studies showed that HCQ and 
CQ inhibit the cartilage degradation induced by 
IL-1.17 More recently, it was shown that thera­
peutic concentrations of HCQ suppressed the 
production of IL-1 and IL-6 by monocytes, 
probably acting at a posttranscriptional level.18’19

The effects of these drugs on TNFa production 
is more controversial, although combinations of 
HCQ with sulfasalazine inhibit IL-1 and TNF 
production synergistically,18’19 HCQ does not 
alter either IL-8 gene expression or synthesis by 
endothelial cells and monocytes20 or the produc­
tion of IL-2, IL-4, or IFN7 by T cells.18 How­
ever, the drug inhibits IL-6 synthesis by T cells, 
suggesting a selective effect of HCQ on some 
proinflammatory cytokines (IL-1 and IL-6).18 
The effects of HCQ therapy on cytokines in RA 
have not been investigated, but Wallace et al21 
observed lower circulating concentrations of 
IL-6 and sIL-2R in systemic lupus erythematsus 
(SLE) patients treated with HCQ than in those 
receiving only corticosteroids or no therapy. In 
a prospective study by the same authors, signifi­
cant decreases in serum IL-6 levels occurred 
after 6 and 12 weeks of treatment with HCQ, 
though sIL-2R concentrations remained un­
changed.22 This seems to confirm the relative 
lack of effect of HCQ on T cell activation.

CQ and HCQ have similar effects on mono­
cytes, although the former may have additional 
effects on T cells. CQ inhibits monocyte produc­
tion of IL-1,23 TNFa, and IL-624 and acts syner­
gistically with cyclosporin in suppressing IFN7 
production by T cells.25 CQ therapy does not 
affect IL-1 production in animal models of 
adjuvant arthritis26 or haemorrhagic shock but 
inhibits TNF, IL-6 and prostaglandin release in 
the latter.27

Gold Compounds

Gold compounds modulate the functional 
activities of virtually every immunocompetent 
cell, but inhibition of mononuclear phagocyte 
function may be of paramount importance. This 
is supported by the suppressive action of these 
agents on the production or activity of monocyte- 
derived proinflammatory cytokines.

Most in vitro studies have shown that gold 
sodium thiomalate (GST) and auranofin (AF) 
inhibit the synthesis of IL-1 by monocytes28'32 
and act synergistically when combined.19 Gold 
compounds also antagonize some of the biologi­
cal effects of IL-1,28»33’34 and therapy with these 
agents decreases IL-1 production in adjuvant 
arthritis.26,35 Danis et al studied the production 
of IL-1 by monocytes from RA patients treated 
with GST. Patients considered “high IL-1 pro-
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ducers” at baseline had transient clinical im­
provement associated with decreases in IL-1 
secretion, whereas “low producers” had a bet­
ter clinical response and an increase in IL-1 
secretion during therapy.36 The authors sug­
gested that IL-1 production before treatment 
might be predictive of the clinical response to 
GST, but several confounding factors, including 
the use concomitant medications, render this 
study inconclusive.

Gold does not alter IL-IRa synthesis by 
normal monocytes32 although increases have 
been reported in patients with RA.37 Further 
studies should elucidate whether gold therapy 
induces a beneficial shift in the IL-1/IL-lRa 
balance.

Gold compounds may modulate other proin- 
flammatory cytokines besides IL-1. GST inhib­
its the production of IL-6, but not of TNF, by 
monocytes,32 suppresses the synthesis of IL-8 
and monocyte chemoattractant protein (MCP-1) 
by rheumatoid synoviocytes,38 and interferes 
with the production of IL-8 by monocytes and 
endothelial cells.20»39 AF, however, inhibits the 
production of TNFa by monocytes,40 and sev­
eral effects of this cytokine on neutrophils.41,42 
Serial studies in patients with RA receiving 
chrysotherapy have reported reductions in circu­
lating IL-6 levels,43»44 monocyte production of 
IL-6,45 and, interestingly, cytokine expression in 
the synovial membrane as recently demon­
strated by Yanni et a l46 Using sequential syno­
vial biopsies, the authors observed a striking 
decrease in the expression of monocyte-derived 
cytokines, including IL-1 (3, IL-la, IL-6, and 
TNFa, and in the number of infiltrating mono­
cytes and macrophages after 12 weeks of treat­
ment with GST, whereas the number of T and B 
cells remained unchanged.46 Whether such re­
duction in monocyte infiltration results from 
systemic effects, like inhibition of myelopoi- 
esis,47 or from a local action of gold is unknown, 
but these results indicate that the monocyte- 
macrophage is the principal target cell for gold 
compounds. Nevertheless, T cell proliferation 
and activation and cytokine production are also 
affected by these drugs at least in vitro. Gold 
compounds inhibit T cell proliferation induced 
by mitogens, antigens,48»49 and IL-250’51 and sup­
press the synthesis of IL-2 and the expression 
and release of IL-2R by activated T cells at a

transcriptional level.49 Some of these effects 
may require low intracellular glutathione con­
centrations.52 The effect of gold on IFN*y produc­
tion is controversial,53»54 but GST inhibits sev­
eral IFNy activities such as the induction of 
class II HLA expression in monocytes55 and 
endothelial cells.51 This, together with the inhi­
bition of endothelial cell proliferation56 and 
expression of adhesion molecules by gold com­
pounds,57 may result in decreased angiogenesis 
and cell recruitment in the joint.

Chrysotherapy normalizes depressed IL-2 pro­
duction in adjuvant arthritis35 and patients with 
pemphigus vulgaris.58 In contrast, circulating 
sIL-2R levels in RA remain unchanged after 24 
weeks of gold therapy, despite clinical improve­
ment,59*61 and only one study reported lower 
sIL-2R levels in patients with clinical remission 
than in those with active disease after prolonged 
treatment.60 It seems, therefore, that despite 
the inhibitory effects of gold on T cells in vitro, 
chrysotherapy for RA does not affect T cell 
infiltration in the joint46 or lymphocyte activa­
tion evidenced by sIL-2R, at least in the short 
term.

D-Penicillamine

D-penicillamine and the related drug bucilla- 
mine, are structural analogues of cysteine, which, 
in contrast to gold and antimalarials, may pre­
dominantly affect lymphocytes (especially T 
helper cells) without altering macrophage func­
tion. Whether therapy with these drugs results 
in cytokine modulation in RA has not been 
assessed, but available in vitro studies corrobo­
rate this hypothesis.

The drugs’ effect on T cell function is medi­
ated by their capacity to generate hydrogen 
peroxide in the presence of copper salts. This 
results in a direct inhibition of T cell activation 
and production of IFNy and IL-2, and indirectly 
in decreased immunoglobulin synthesis by B 
lymphocytes.62,63

Initial in vitro studies suggested that d- 
penicillamine might decrease the production of 
monocyte products with IL-l-like activity.64 Later 
it was shown that IL-1 synthesis and bioactivity 
are suppressed only with high concentrations of 
the drug33; however, therapeutic concentrations 
do not alter the production of either IL-123»30»65 
or TNF19 by human monocytes. Moreover,
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therapy with D-penicillamine does not inhibit 
IL-1 production in the adjuvant arthritis 
model.26’66 D -p en ic illam ine  blocks the binding of 
IL-ip to a-2-macroglobulin, an acute phase 
protein that may function as carrier for IL-1 and 
other cytokines.67 This dissociating effect is not 
specific for IL-1,68 and its relevance for the 
therapeutic effect of the drug is speculative. In 
the presence of copper, D-penicillamine and 
other thiol compounds inhibit spontaneous and 
IL-l-induced fibroblast proliferation. This is 
due to the production of hydrogen peroxide 
rather than suppression of IL-1 synthesis.69 
D-penicillamine inhibits the proliferation and 
IL-8 gene expression and synthesis by endothe­
lial cells,20 and decreases neovascularization in 
vivo.70 These antiangiogenic and antifibrotic 
properties may be important for therapeutic 
efficacy in RA and systemic sclerosis. It has 
been suggested that bucillamine is superior to 
D -pen ic illam ine  in treating RA ,71 possibly be­
cause of its additional immunosuppressive ef­
fects. In vitro, both drugs inhibit T cell function, 
including IL-2 and IFN7 production, in the 
presence of copper,72 but only bucillamine forms 
an intramolecular disulphide and inhibits B cell 
function whether or not copper salts are pre­
sent.62’72 This effect is not due to decreased IL-6 
production by B ce lls .62 Furthermore bucilla­
m in e-, like D -pen ic illam ine , does not affect IL-1 
production by human monocytes.30’65

Sulfasalazine

Sulfasalazine is an azo compound of sulfapyri- 
dine and 5-aminosalicylic acid. Sulfapyridine 
seems to be the active component in RA, 
though sulfasalazine itself might also have anti- 
rheumatic properties. The exact mechanism of 
action of this drug remains also unclear despite 
its multiple anti-inflammatory and immunoregu- 
latory effects.

In vitro, sulfasalazine inhibits the production 
of IL-ip and TNFa by monocytes19’30'73-75 and 
may suppress the binding of TNFct to its recep­
tors.76 Neither the production45’74,77 nor the 
activity of IL-6 are markedly altered by sulfasala­
zine.78 However, the drug down-regulates the 
synthesis of IL-2 and IFN7 by T cells,79,80 which 
may explain its inhibitory effect on lymphocyte 
proliferation and antibody production. More­
over, sulfasalazine inhibits the proliferation as

well as IL-8 gene expression and synthesis20 in 
endothelial cells, which may account for its 
antiangiogenic effects. Interestingly, most of the 
effects of sulfasalazine on cytokines and immu- 
noregulation are not shared by its metabolites, 
which suggests that the parent compound pos­
sesses therapeutic effects.

Studies on the effect of sulfasalazine therapy 
on circulating cytokines in RA have yielded 
conflicting results. In a 6-month, placebo- 
controlled study, Danis et al77 observed 
decreases in IL-1 a, IL-1 (3, and TNFa but 
unchanged IL-6 concentrations during sulfasala­
zine therapy,77 whereas other authors reported 
no changes in IL-1 (3 and TNFa levels81 and 
decreases in serum concentrations and mono­
cyte production of IL-6.45,81*82 Circulating sIL-2R 
concentrations did not change after 12 weeks of 
therapy with sulfasalazine in several stud­
ies.61’81*82 The number of patients in these stud­
ies generally were too small to draw definitive 
conclusions and the effects of sulfasalazine 
therapy need further investigation.

Combinations of SAARDs are increasingly 
used to treat RA and there are in vitro data 
suggesting that some of these combinations 
suppress cytokine production in a synergistic 
manner,19 In an open study conducted in our 
center, the combination of sulfasalazine with 
methotrexate proved clinically superior to 
methotrexate alone.83 Serial cytokine measure­
ments showed decreases in IL-6 and sIL-2R 
levels with both therapies, but the concentra­
tions of sTNFR and the production of IL-1 (3 
and IL-IRa by monocytes fell only in patients 
treated additionally with sulfasalazine. These 
results suggest an additional or specific sulfasala­
zine on these cytokines84 and encourage further 
studies on the effects of other SAARD combina­
tions.

Methotrexate

Intensive efforts have been made to elucidate 
the mechanism of action of methotrexate. Be­
cause of its antifolate effect, methotrexate may 
impair DNA, RNA, and protein synthesis, in­
hibit transmethylation reactions and polyamine 
synthesis, and stimulate adenosine release. 
Moreover, the drug can inhibit 5-lipoxygenase 
activity and has modulatory effects on cyto­
kines.85
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Methotrexate inhibits some biological activi­
ties of IL-1 including the proliferation of thymo­
cytes86’87 and synovial fibroblasts but does not 
affect the production of collagenase, prostaglan­
din E, hyaluronic acid, or metalloprotease inhibi­
tors induced by IL-1.88’89 This suggests that the 
drug antagonizes the proliferative but not the 
secretory activities of IL-1.88 The suppression of 
IL-1 bioactivity by methotrexate is due to its 
antifolate effect because it can be reversed by 
folinic acid,87 although binding of methotrexate 
to IL-1, which has structural homology to dihy­
drofolate reductase (DHFR), or receptor down- 
regulation have been also proposed to explain 
this effect.90 Methotrexate therapy decreases 
the production of IL-1 in adjuvant arthritis,91'93 
although this has not been consistently observed 
in RA. Two studies have assessed the effect of a 
single dose of methotrexate on monocyte IL-1 (3 
production: Segal et al86 reported no changes in 
9 patients treated with methotrexate for vari­
able periods of time, whereas we observed 
significant decreases after the first methotrexate 
dose, but not in patients treated for longer than
1 year who already had lower IL-1|3 production 
and less active disease.94 In another study, 
Chang et al95 reported decreases in IL-1 produc­
tion in 4 of 8 patients after 6 weeks of methotrex­
ate therapy.95 These studies suggest that if MTX 
down-regulates IL-1 production the effect oc­
curs in the early phase of treatment. To test this 
hypothesis, we monitored 26 patients treated 
with methotrexate for 24 weeks. Some decrease 
in IL-1 production occurred after 4 weeks, but 
the effect was not progressive and measure­
ments after 24 weeks were not significantly 
lower than those at baseline.84 Therapy with 
methotrexate did not alter circulating IL-1 (3 
concentrations in this and another study,84»95 but 
decreases in serum96 and in synovial fluid con­
centrations of IL-1(B have been described.97 
Taken together, methotrexate may inhibit the 
proliferative effects of IL-1, and decrease mono­
cyte IL-1 production in the short term in certain 
patients, although this effect is not sustained 
and unlikely explains the long-term efficacy of 
methotrexate. Further investigation is needed 
to elucidate whether therapy with methotrexate 
decreases the production of IL-1 in the joint.

In-vitro, methotrexate inhibits IL-6 but not 
TNF bioactivity86 and decreases the production

of IL-8 by monocytes.39 The synthesis of IL-8 by 
endothelial cells20 or RA synoviocytes38 is not 
affected by the drug. Treatment with methotrex­
ate reduces circulating IL-6,84,96’98*99 IL-8,96 and 
p55 soluble TNF receptor (sTNFR) concentra­
tions98 in patients with RA but does not affect 
circulating levels84,98 or monocyte production of 
TNFa .84’94 Decreases in IL-6, IL-8, and p55 
sTNFR levels probably reflect clinical improve­
ment and are not a specific effect of methotrex­
ate. Several studies have investigated the effects 
of methotrexate on T cell-derived cytokines. In 
vitro this drug enhances the cytotoxic100 and 
proliferative86 effects of IL-2 and the produc­
tion of this cytokine by lymphocytes.101 Metho­
trexate therapy normalizes the defective produc­
tion of IL-2 in the adjuvant and streptococcal 
cell wall arthritis models.91,93 Lymphocyte IL-2 
synthesis increases after a single dose of metho­
trexate in patients with RA102 and in patients 
receiving the drug for longer periods.96,103 Kre- 
mer et al96 reported increases in serum IL-2 
concentrations during treatment with methotrex­
ate,96 and decreases associated with disease 
flares 4 weeks after withholding the drug.104 The 
defective IL-2 production in RA might be due 
to excessive polyamine production,105 which is 
inhibited by methotrexate.106 This effect could 
explain the enhanced IL-2 production observed 
during methotrexate therapy.107 In contrast with 
this up-regulation of IL-2, treatment with metho­
trexate reduces the circulating sIL-2R levels in 
patients with RA84,98,99’108 and juvenile chronic 
arthritis.109 This effect does not predict re­
sponse to treatment108 but rather reflects clini­
cal improvement.98

Recent studies suggest that methotrexate may 
not only upregulate Thl-cytokines, like IL-2, 
but also may downregulate Th2-derived cyto­
kines. Taylor et al110 observed an increased 
mRNA expression of IL-4 and IL-10 in mono­
nuclear cells from RA patients compared with 
healthy controls. Treatment with methotrexate 
reduced IL-4 and IL-10 but enhanced IFN7 
expression in patients with RA.1U) Consistent 
with these effects, Kremer et al96 reported 
decreases in serum IL-4 during methotrexate 
therapy and increases in circulating IL-4 levels 
associated with disease flares after stopping 
treatment.102 The effects of methotrexate on 
IL-2, IL-4, and IL-10 are puzzling because they
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suggest a shift in cytokine expression towards a 
“pro-inflammatory” pattern.

Azathioprine

The purine analogue azathioprine is con­
verted in 6-mercaptopurine (6-MP) which fol­
lows pathways similar to endogenous purines 
and is incorporated into DNA and RNA. The 
cytotoxicity of azathioprine is unlikely to ac­
count for its therapeutic efficacy in RA, but the 
levels of endogenous purine enzymes respon­
sible for its metabolism may influence its toxic­
ity.111

In vitro studies suggest that azathioprine does 
not alter IL-2 production,112,113 whereas both 
azathioprine and 6-MP inhibit IL-6 bioacti­
vity.78 Studies concerning the effect of therapy 
with azathioprine on cytokines in patients with 
RA are scant. In a 48-week trial of azathioprine 
versus methotrexate, we observed no significant 
changes in the circulating concentrations of 
either TNFa or the soluble TNF and IL-2 
receptors during treatment with azathioprine. 
Decreases in IL-6 concentrations reflected clini­
cal improvement and were not specific to the 
drug.98 In a smaller study, Crilly et al114 reported 
no changes in either circulating sIL-2R levels or 
in the production of IL-6 by monocytes after 24 
weeks of azathioprine therapy.

Cyclosporin A
Cyclosporin A is an immunosuppressive agent 

that specifically interferes with T cell activation. 
Complexes of cyclosporin A with its specific 
receptor, cyciophilin, bind to and block the 
activity of calcineurin, preventing the activation 
of transcription factors involved in cytokine 
gene expression.115 The major effect of cyclo­
sporin A is the suppression of T cell activation, 
which is due to inhibition of the transcription 
and synthesis of IL-2 and the expression of 
receptors for IL-2 in lymphocytes.115'116 This 
results in secondary inhibition of B lymphocyte, 
natural killer (NK) cell and macrophage activi­
ties. Besides its effect on IL-2, cyclosporin A 
inhibits the transcription of IL-3, IL-4, IL-5, 
IFN7 ,116 and TNFa117 in T cells. The synthesis 
of IL-1 by monocytes is not affected by cyclo­
sporin A ,23 although the drug may antagonize 
some of this cytokine’s effects in bone and 
cartilage.116 Linder certain conditions, cyclo­

sporin A decreases monocyte TNFa produc­
tion.116-118

Decreases in the number of circulating cells 
bearing the IL-2R119 and in circulating sIL-2R 
and IL-6 concentrations120,121 have been re­
ported in RA patients treated with cyclosporin
A. Decreases in sIL-2R levels associated with 
clinical improvement also have been observed 
during cyclosporin A therapy for Crohn’s dis­
ease122 but not in systemic sclerosis.123

Corticosteroids

Glucocorticoids (GCs) affect virtually every 
cellular and humoral mechanism involved in 
inflammation and immune response, including 
cytokines. The mechanism of action of GCs is 
complex but involves regulation of gene tran­
scription. GCs form complexes with specific 
cytoplasmic receptors, which are translocated 
to the cell nucleus. Interestingly, mononuclear 
cells from patients with RA shown a low GC 
receptor density, although this does not result in 
GC resistance.124 The binding of GC-receptor 
complexes to regulatory elements of DNA re­
sults in either positive or negative regulation of 
gene transcription. GCs interfere with cytokine 
production not only by suppressing their tran­
scription, but also by decreasing messenger 
RNA stability and affecting other posttranscrip- 
tional events.125-128 This inhibits the synthesis of 
proinflammatory and chemotactic cytokines such 
as IL-1, TNFa, IL-6, IL-8, and monocyte chemo­
tactic and activating factor (MCAF), and hemo­
poietic growth factors such as IL-3 and GM- 
CSF.20’38’128'132 In addition, GCs interfere with T 
cell activation by down-regulating the gene 
expression of IL-2 and IL-2R, inhibit the produc­
tion of IL-4 and IFN7 by lymphocytes,133’134 and 
induce IL-1 and IL-6 receptor expression in 
some cells.135-137 In vitro experiments have shown 
that the combination of GCs with IL-4 sup­
presses the synthesis of IL-1 and TNFa by 
monocytes138 and synovial tissue139 synergisti- 
cally, which may find applications in future 
therapies.

Several studies have provided evidence for a 
modulatory role of GC therapy on cytokine 
production or release in vivo. In humans, therapy 
with GCs attenuates the toxicity induced by 
IL-2 and lymphokine activated killer cells, 
OKT3, and experimental endotoxinemia by re­
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ducing the release of TNFa, IFN7 , and IL-2 in 
the circulation.140'142 These drugs inhibit IL-4 
and IL-5 expression by bronchoalveolar cells143 
and monocyte TNF production144 in asthmatic 
patients and reduce circulating IL-6 levels in 
patients with polymyalgia rheumatica and giant 
cell arteritis.145 In RA, circulating levels of IL-6, 
IL-8, and sIL-2R146 and the production of IL-1 
by monocytes147 decrease significantly after pulse 
therapy with high-dose corticosteroids, and re­
ductions in sIL~2R148 and TNFa149 concentra­
tions are associated with improvement during 
treatment with low-dose GCs.

Other Drugs

The number of pharmacological agents with 
potential antirheumatic and cytokine-modulat­
ing activities is too long to be fully enumerated. 
Several drugs used for other indications were 
discovered, by chance, to have antiarthritic 
effects. Among these agents, thalidomide, a 
sedative, and pentoxifylline, a phosphodieste­
rase inhibitor used for peripheral vascular disor­
ders, are worthy of mention because of their 
TNFa-suppressive activities. Thalidomide inhib­
its TNFa production, neutrophil chemotaxis, 
and superoxide generation, but its use in RA 
has been limited because of the drug’s toxic­
ity.150 Pentoxifylline decreases TNFa production 
in vitro and in vivo151 and has anti-inflammatory, 
immunomodulatory, and anti-fibrotic proper­
ties. In an open, 3-month trial, performed in 
patients with severe RA refractory other thera­
pies, additional treatment with pentoxifylline 
resulted in clinical improvement. TNF produc­
tion remained unchanged after 3 days of treat­
ment but was, unfortunately, not measured 
thereafter.152

More selective cytokine inhibitors already 
used in clinical trials for RA include IX 207-887 
and the dual cyclooxygenase/lipoxygenase in­
hibitor tenidap. IX 207-887 inhibits IL-1, IL-6, 
and superoxide production and is effective in 
animal arthritis. A placebo-controlled study in 
RA reported improvement in clinical and labo­
ratory variables in patients treated with IX 
207-887, although adverse reactions were fre­
quent.153 Tenidap inhibits the synthesis of IL-1, 
IL-6, and TNFa by human monocytes and 
rheumatoid synovium154-155 and decreases T cell 
proliferation and IFN7 synthesis.156 Further­

more, the drug inhibits metalloprotease produc­
tion by chondrocytes exposed to IL-1,157 bone 
resorption induced by IL-1 and TNF ,158 and the 
expression of HLA class II antigens in synovio­
cytes exposed to IFN7 .159 Patients with RA 
receiving tenidap show reductions in acute phase 
reaction and circulating IL-6 and sIL-2R concen- 
trations.160-161

Several immunoregulatory agents under cur­
rent investigation for treating autoimmune dis­
eases may affect cytokine production. These 
encompass drugs with immune-enhancing ef­
fects (levamisole, tilomisole and imuthiol) inhibi­
tors of nucleotide synthesis (mycophenolate, 
brequinar, and mizorbine) and immunosuppres­
sive agents (15-deoxyspergualin, leflunomide, 
FK506, and rapamycin).162’163 Leflunomide, an 
isoxazol-derivative currently undergoing clinical 
trials for RA, inhibits lymphokine-dependent T 
and B cell proliferation and decreases IL-1 and 
TNFa induced proliferation of RA synovial 
fibroblasts.164 FK506 and rapamycin are cyclo­
sporin-related drugs that share structural homol­
ogy and the same immunophillin receptor but 
interfere with T cell activation at a different 
level. Like cyclosporin, FK506 decreases the 
activity of calcineurin, is a potent suppressor of 
IL-2 production and receptor expression, and 
inhibits the transcription of various cytokines 
(IL-3, IL-4, IL-5, IFN7 , TNFa , 118 and IL-8165).
Rapamycin interferes with lymphokine signal 
transduction without affecting calcineurin activ­
ity. Both agents are effective in animal arthritis 
and are being evaluated in patients with autoim­
mune diseases and organ allografts.

THERAPY WITH CYTOKINES AND 
ANTICYTOKINES IN RA

Advances in molecular biology have provided 
new therapeutic approaches for autoimmune 
diseases. Among the immunomodulators, se­
lected cytokines such as IFN7 , GM-CSF, and 
G-CSF have been used to treat RA or its 
complications and promising results are being 
obtained with specific antagonists of proinfiam- 
matory cytokines.

The rationale for the use of IFN7 therapy in 
RA was tenuous, being based on the relative 
deficiency of this cytokine in the joint and its 
inhibitory effects on B cells, neutrophils, fibro­
blasts, and cytokine release. The lack of signifi-
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Table 2: Anticytokine Therapies for Rheumatoid Arthritis (1 and 2)

Reference
Compound, 

Study Design
No. of

Patients Dose Schedule

173

174

175

176

177

178

179

180

180

Murine antML-6 
MoAb (BE8) 

Open

Murine anti-IL-2R 
MoAb 
(Campath 6) 

Pilot 
IL-2-diphteria 

fusion toxin
(DAB486)

Open, phase

Dose ranging
Double-blind, 

phase I!
Placebo-con­

trolled (first 
course), fo l­
lowed by 
open study 

IL-2-diphteria 
fusion toxin 
{DA8389)

Open, phase
I/I t

Extension 
study 

Open, phase

Recombinant
IL-IRa
(Anakinra) 

Double-blind, 
phase I 

Placebo-con­
trolled 

Dose ranging 
Open, dose 

ranging 
Double-blind, 

phase II 
Dose and fre­

quency 
ranging

8

3

19

45

20

40

25

15

175

10 mg/day for 10 
days

25 mg/day for 10 
days

75, 130, 260 
kU/kg/dayfor 
5 to 7 days, 
repeated 
courses in 13 
patients 

0,7 mg/kg/day 
for 5 days 
repeated 3 
monthly for up 
to 3 courses

75,150 
kU/kg/dayfor 
5 days

150 kU/kg/day 
for 5 days; 
repeated 
courses by 
flare, up to 4 
courses in 2 
years

0.5, 1,2,4, 6 
mg/kg, single 
dose

Comments

1,2, 4 mg/kg/day 
for 28 days 

20, 70, 200 mg 
per dose; first 3 
weeks: 1, 3, or 
7 dose weekly; 
last 4 weeks: 1 
dose weekly

Improvement transient, mean duration 2 months; 
increased serum IL-6 in 4 patients; antimouse immu­
nization in 2 patients; fever, chills and hypertension 
in 1 patient

Improvement for 3 months in 2 patients, no significant 
side effects reported

Improvement in 9 patients (medium or high dose), 
duration 4-30 weeks, maintained improvement with 
repeated courses, anti-diphteria toxin immunization 
in all patients, very common adverse events (trans­
aminase evaluations)

Improvement in 4/22,11 /36, and 11 /33 patients after 
first, second, and third course respectively; 
anti-DT immunization in all patients, very common 
adverse events

Patients were refractory to- and continued metho­
trexate therapy; improvement in 5/16 patients 
receiving high dose course; common adverse 
events, often transaminase elevations 

Additional methotrexate in 10 patients; lack of effect in 
17 patients, less common adverse events; 
maintained improvement with repeated courses

Improvement in tender joint count in the high-dose 
group

Improvement after 7 days, frequent skin reactions at 
the injection site, 3 patients withdrawn (side effects) 

improvement most marked with daily dose; frequent 
skin reactions at the injection site (62%); 25 patients 
withdrawn (lack of effect [n = 12], adverse events 
[n = 131) multicenter, placebo controlled trial 
ongoing
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Table 2: Anticytokine Therapies for Rheumatoid Arthritis (1 and 2) (Cont'd)

Compound, No. of 
Reference Study Design Patients Dose Schedule Com m ents

181

182

183

184

185

186

187

Recombinant 
slL-1 R type 

Double-blind, 
phase I 

Placebo-con­
trolled 

Dose ranging 
Chimeric anti- 

TNFctMoAb 
(cA2)

Open, phase

Extension
study,
repeated
doses

Double-blind, 
placebo-con­
trolled, dose 
ranging 

Pilot in JCA

Humanized anti- 
TNFce MoAb 
(CDP571) 

Double-blind, 
placebo-con 
trolled, dose 
ranging 

Extension 
study, open

Dimeric p55
sTNFR fusion 
protein 
(R045-2081) 

Double-blind, 
placebo-con­
trolled, dose 
ranging 

Dimeric p75
sTNFR fusion 
protein 

Phase I, pla­
cebo-con­
trolled, dose 
ranging

23

20

8

73

1

36

30

16

125, 250, 500, 
1000
fig/m2/day for 
28 days

Tendency to improve observed in treatment versus 
placebo group, but no patient achieved significant 
improvement few side effects

20 mg/kg divided 
in 2-4 doses

Maximal improvement at 3 weeks, median 14 weeks 
few side effects: minor infections (n -  2), develop- 

during 2 weeks ment of anti-dsDNA (n = 2), and anticardiolipine anti
bodies (n = 1)

Shorter improvement duration after repeated doses? 3 
patients withdrawn (side effects), development of 
antinuclear antibodies {n = 2), increase in anti- 
dsDNA titers (n = 1), antimouse immunization 
(n = 4)

Rapid- and dose-dependent improvement, few side 
effects; increased infections?

Up to 3 additional 
courses of 10 
mg/kg

1,10 mg/kg, one 
dose

Two doses of 10 Unchanged joint symptoms, decreased fever and IL6 
mg/kg levels

0.1,1,10 mg/kg, 
one dose

Improvement at 1-2 weeks in the high dose group, 
dose-dependent response, no significant decrease in 
swollen joints

1,10 mg/kg, 
second dose

0.1, 0.2, 0.4 
mg/kg every 4 
weeks, up to 3 
doses

Best response in the high dose group; 8 patients with 
drawn (disease progression); study with repeated 
doses ongoing, some patients become ANF+ 

Results unpublished, extension study ongoing

Loading dose: 
4-32 mg/m2, 
then mainte­
nance dose: 
2-16 mg/m2 
twice weekly 
for 4 weeks

Some tendency to improvement but no dose response 
observed

Abbreviations: MoAb, monoclonal antibody; IL, interleukin; TNFa, tumor necrosis factor-a; sTNFR, soluble TNF receptor; ANF, 
antinuclear factor.
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cant improvement observed in most studies for 
RA14 is therefore not surprising. Considering 
the powerful immunostimulatory effects of 
IFN7 , disease flares rather than improvement 
could be expected. Induction of antinuclear 
antibodies, and SLE in patients with RA,166'167 
and disease exacerbation in patients with SLE 
may occur during IFN7 therapy,168 and there is 
no indication for using IFN7 in these disorders. 
In contrast, the improvement of skin fibrosis 
and pulmonary function observed in open trials 
with IFN7 for systemic sclerosis169’170 suggests 
that IFN7 may prove useful as antifibrotic 
therapy. The colony-stimulating factors GM- 
CSF and G-CSF improve the granulocytopenia 
associated with Felty’s syndrome as well as that 
induced by antirheumatic and cytostatic thera­
pies, but because these agents may induce 
arthritis flares, their use should be restricted to 
treating or preventing infections associated with 
long-lasting neutropenia.171’172

To date, IL-1, TNF, IL-6, and IL-2 have been 
the target of specific anticytokine approaches in 
RA (Table 2). The experience with anti-IL-2 
and anti-IL-6 treatment is limited,171"178 and 
most attention has been drawn by therapies 
counteracting the two pivotal mediators TNFa 
and IL-1.179"187 Initial results suggest that these 
anticytokine therapies are well tolerated and 
result in rapid improvement of clinical symp­
toms and laboratory parameters. Because these 
effects are transient, repeated administration is 
necessary. Besides the therapies listed in Table 
2, other approaches, including soluble IL-1 
receptors, inhibitors of the specific IL-1 conver- 
tase,16 antiinflammatory cytokines such as IL-4, 
IL-10, and IL-13, and the use of antisense 
oligonucleotides and gene therapy, are under 
investigation.

SUMMARY, CONCLUSIONS, AND FUTURE
PROSPECTS

The search for evidence that antirheumatic 
drugs interfere with cytokines is hampered by 
several problems, not least among those being 
the difficulty in extrapolating experimental data 
obtained in vitro to the situation in vivo (or in 
humans): Some SAARDs alter cytokine produc­
tion or activity only at drug concentrations that 
are not attainable during therapy, and most in

vitro studies do not take into account the effect 
of drug metabolites or the complexity of the 
immune response in vivo. This is exemplified by 
the bimodal effect of gold compounds on IL-1, 
IL-2, and IL-8. Although low concentrations of 
these agents seem to stimulate IL-1 and IL-2 
and inhibit IL-8 production, the converse occurs 
at higher drug concentrations. 19>20»31>52 More­
over, in the case of IL-2, either stimulation or 
strong inhibition can be attained with low con­
centrations of GST depending on the glutathi­
one content of the cells studied.52 In vitro 
results, therefore, need to be confirmed by 
observations in vivo. Experience with animal 
models has taught us about the arthritogenic 
potential of cytokines and the effects of therapy 
with drugs and other anticytokine strategies, but 
the differences between human and animal 
arthritis emphasizes the need for human stud­
ies. Reports on the effects of SAARD therapy 
on cytokines in RA are relatively scarce and 
pitfalls include methodological problems, inter­
individual variations in cytokine concentrations, 
and most importantly, the need to quantify an 
increasing number of cytokines, preferably in 
the joint. Moreover, because SAARDs also 
modify disease activity in RA, changes in cyto­
kine concentrations or expression during therapy 
with these agents may reflect clinical improve­
ment rather than a specific drug effect.

Despite these problems, some conclusions on 
the cytokine-modulating effects of antirheumatic 
drugs can be drawn. First, it seems likely that 
many effects of antirheumatic agents on inflam­
mation and immune response are mediated by, 
or result in, cytokine modulation. Second, the 
effects of antirheumatic drugs are usually not 
confined to a single cytokine. Even cyclosporin, 
considered to downregulate IL-2 gene transcrip­
tion most specifically, also inhibits the synthesis 
of other T cell-derived cytokines,116 whereas 
corticosteroids, have the broadest spectrum of 
activity and inhibit gene transcription of virtu­
ally every cytokine gene. Third, in contrast to 
the usually low levels of IL-1 and TNFa, high 
concentrations of IL-6, sIL-2R, and sTNFR are 
present in the circulation and synovial fluid of 
RA patients, and correlate with several disease 
activity measures. Therapy with a number of 
SAARDs and corticosteroids decreases circulat­
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ing IL-6 and sIL-2R concentrations and sTNFR 
levels apparently decrease with methotrexate 
given alone or in combination with SASP.84’94 
These effects probably reflect clinical improve­
ment and suggest that IL-6, sIL-2R, and sTNFR 
may be useful markers of disease activity in RA. 
Fourth, preliminary evidence suggests that 
therapy with certain SAARDs may regulate 
cytokine production by circulating cells and, 
most importantly, cytokine expression in the 
joint, as recently shown during gold therapy.46

The most important conclusion from previous 
studies is that our knowledge of the effects of 
SAARD therapy on the cytokine network in RA 
is patchy. Properly controlled, longitudinal stud­
ies assessing both cytokine concentrations in 
biological fluids and their expression in the joint 
during SAARD therapy are needed.

The rheumatologists are familiar with the use 
of combinations of NSAIDs, SAARDs, and 
corticosteroids as well as with patients refrac­
tory to these treatments. This has resulted in a 
search for novel therapies aimed at interfering

with specific sites of immunoregulation, inflam­
mation, and tissue destruction. The targets 
envisaged include T cells, antigen presentation, 
adhesion molecules, metalloproteases, nitric ox­
ide, and cytokines. Trials with anticytokine 
therapies have reported rapid but transient 
clinical benefits in RA and ongoing studies will 
show whether these effects can be maintained 
with repeated administration. There is wide 
clinical experience with SAARD therapy for 
RA and it is unlikely that novel therapies will 
supplant these agents in the near future, al­
though combinations of cytokine-suppressive 
and traditional therapies offer interesting per­
spectives. More knowledge on the effect of 
SAARDs on cytokines is needed before we 
arrive at selected combinations that comple­
ment each other’s actions and translate this into 
better treatment for RA.

ACKNOWLEDGMENT
The authors thank J.P. Donnelly, PhD, for his help in the 

preparation of this manuscript,

REFERENCES
1. Edmonds JP, Scott DL, Fürst DE, et al: Antirheumatic 

drugs: A proposed new classification. Arthritis Rheum 
36:336-339,1993

2. Arend WP, Dayer JM: Inhibition of the production 
and effects of interleukin-1 and tumor necrosis factor a  in 
rheumatoid arthritis. Arthritis Rheum 38:151-160,1995

3. Van de Loo FAJ, Joosten LAB, van Lent PLEM, et al: 
Role of interleukin-1, tumor necrosis factor a, and interleu­
kin-6 in cartilage proteoglycan metabolism and destruction. 
Effect of in situ blocking in murine antigen- and zymosan- 
induced arthritis. Arthritis Rheum 38:164-172,1995

4. Dinarello CA: lnterleukin-1 and interleukin-1 antago­
nism. Blood 77:1627-1652,1991

5. Collotta F, Dower SK, Sims JE, et al: The type II 
‘decoy’ receptor: a novel regulatory pathway for interleukin
1. Immunol Today 15:562-566, 1994

6. Cope AP, Maini RN: Soluble tumor necrosis factor 
receptors in arthritis. J Rheumatol 22:382-384,1995

7. Koch AE, Kunkel SL, Strieter RM: Cytokines in 
rheumatoid arthritis. J Invest Med 43:28-38,1995

8. Tilg H, Trehu E, Atkins MB, et al: Interleukin-6 (IL-6) 
as an anti-inflammatory cytokine: induction of circulating 
IL-1 receptor antagonist and soluble tumor necrosis factor 
receptor p55, Blood 83:113-118,1994

9. Firestein GS> Xu W, Townsend K, et al: Cytokines in 
chronic inflammatory arthritis. L Failure to detect T cell 
lymphokines (interleukin 2 and interleukin 3) and presence 
of macrophage colony-stimulating factor (CSF-1) and a 
novel mast cell growth factor in rheumatoid arthritis. J Exp 
Med 168:1573-1586, 1988

10. Firestein GS, Zvaifler NJ: Peripheral blood and 
synovial fluid monocyte activation in inflammatory arthritis. 
Low levels of synovial fluid and synovial tissue interferon 
suggest that gamma interferon is nob the primary macro­
phage activating factor. Arthritis Rheum 30:864-871, 1987

11. Simon AK, Seipelt E> Sieper J: Divergent T-cell 
cytokine patterns in inflammatory arthritis. Proc Natl Acad 
Sci USA 91:8562-8566,1995

12. Zurawski G, de Vries JE: Interleukin 13, an interleu­
kin 4-like cytokine that acts on monocytes and B cells but 
not on T  cells. Immunology Today 15:19-26, 1994

13. Waldmann TA: The IL-2/IL-2 receptor system: a 
target for rational immunointervention. Immunology Today 
14:264-270,1993

14. Weinblatt ME: Biological agents in rheumatoid arthri­
tis. J Rheumatol 19:84-88,1992 (suppl 32)

15. Rubin LA, Nelson DL: The soluble interleukin-2 
receptor: biology, function and clinical application. Ann Int 
Med 113:619-627, 1990

16. Dinarello CA: Modalities for reducing interleukin 1 
activity in disease. Immunol Today 14:260-264, 1993

17. Arner EC, Darnell LR, Pratta MA, et al: Effect of 
antiinflammatory drugs on human interleukin- 1 induced 
cartilage degradation. Agents Actions 21:334-336, 1987

18. Sperber K, Quraishi H, Kalb TH, et al: Selective 
regulation of cytokine secretion by hydroxychloroquine: 
inhibition of interleukin 1 alpha (IL-l-a) and IL-6 in human 
monocytes and T cells. J Rheumatol 20:803-808,1993

19. Danis VA, Franic GM, Brooks PM: The effect of 
slow-acting anti-rheumatic drugs (SAARDs) and combina­



248 BARRERA ET AL

tion of SAARDs on monokine production in vitro. Drugs 
Exp Clin Res 17:549-554,1991

20. Deleuran B, Kristensen M, Paludan K, et al: The 
effect of second-line antirheumatic drugs on interleukin-8 
mRNA synthesis and protein secretion in human endothe­
lial cells. Cytokine 4:403-409,1992

21. Wallace D J, Linker-Israeli M, Metzger AL, et al: The 
relevance of antimalarial therapy with regard to thrombosis, 
hypercholesterolemia and cytokines in SLE. Lupus 2:13-15,
1993 (suppl 1)

22. Wallace DJ, Linker-Israeli M, Hyun S, et al: The 
effect of hydroxychloroquine therapy on serum levels of 
immunoregulatory molecules in patients with systemic lu­
pus erythematosus (letter). J Rheumatol 21:375-376,1994

23. Rordorf Adam C, Lazdins J, Woods Cook K, et al: An 
assay for the detection of interleukin-1 synthesis inhibitors: 
effects of antirheumatic drugs. Drugs Exp Ciin Res 15:355-
362,1989

24. Picot S, Peyron F, Donadille A, et al: Chloroquine- 
induced inhibition of the production of TNF, but not of 
IL-6, is affected by disruption of iron metabolism. Immunol­
ogy 80:127-133,1993

25. Landewe RB, Miltenburg AM, Breedveld FC, et al: 
Cyclosporin and chloroquine synergistically inhibit the inter- 
feron-gamma production by CD4 positive and CDS positive 
synovial T cell clones derived from a patient with rheuma­
toid arthritis. J Rheumatol 19:1353-1357,1992

26. Connolly KM, Stecher VJ, Danis E, et al: Alteration 
of interleukin-1 activity and the acute phase response in 
adjuvant arthritic rats treated with disease modifying anti­
rheumatic drugs. Agents Actions 25:94-105,1988

27. Ertel W, Morrison MH, Ayala A, et al: Chloroquine 
attenuates haemorrhagic shock-induced suppression of 
Kupffer cell antigen presentation and major histocompatibil­
ity complex class II expression through blockade of tumor 
necrosis factor and prostaglandin release. Blood 78:1781- 
1788,1991

28. Drakes ML, Harth M, Galsworthy SB, et al: Effects of 
gold on the production of and response to human interleu­
kin-1. J Rheumatol 14:1123-1127,1987

29. Remvig L, Enk C, Bligaard N: Effect of auranofin and 
sodium aurothiomalate on interleukin-1 production from 
human monocytes in vitro. Scand J Rheumatol 17:255-262,
1988

30. Okamoto M, Sasano M, Goto M, et al: Suppressive 
effect of anti-rheumatic drugs on interleukin-ip release 
from human peripheral blood monocytes. Int J Immunophar- 
mac 13:39-43, 1991

31. Danis VA, Kulesz AJ, Nelson DS, et al: The effect of 
gold sodium thiomalate and auranofin on lipopolysaccharide- 
induced interleukin-1 production by blood monocytes in 
vitro: variation in healthy subjects and patients with arthri­
tis. Clin Exp Immunol 79:335-340,1990

32. Awad M, Corrigall VM, Dayer JM, et al: Effects of 
gold salts on monocytes maturation and their pattern of 
cytokine secretion. Br J Rheumatol 34:288, 1995 (suppl 1)

33. Chang DM, Baptiste P, Schur PH: The effect of 
antirheumatic drugs on interleukin 1 (IL-1) activity and 
IL-1 and IL-1 inhibitor production by human monocytes. J 
Rheumatol 17:1148-1157,1990

34. Williams DH, Jeffery LJ, Murray EJ: Aurothioglu-

cose inhibits induced NF-k(3 and AP-1 activity by acting as 
an IL-1 functional antagonist. Biochim Biophys Acta 1180:9-
14,1992

35. Lee JC, Dimartino MJ, Votta BJ, et al: Effect of 
auranofin treatment on aberrant splenic interleukin produc­
tion in adjuvant arthritis rats. J Immunol 139:3268-3274, 
1987

36. Danis VA, Kulesz AJ, Kelly DE, et al: The effect of 
gold treatment on monocyte interleukin-1 production in 
rheumatoid arthritis. A  prospective study. Rheumatol Int 
10:153-158,1990

37. Shingu M, Fujikawa Y, Wada T, et al: Increased IL-1 
receptor antagonist (IL-lra) production and decreased 
IL-10/IL-lra ratio in mononuclear cells from rheumatoid 
arthritis patients. Br J Rheumatol 34:24-30,1994

38. Loetscher P, Dewald B, Baggiolini M, et al: Mono­
cyte chemoattractant protein 1 and interleukin 8 production 
by rheumatoid synoviocytes. Effects of anti-rheumatic drugs. 
Cytokine 6:162-170,1994

39. Seit2 M, Dewald B, Ceska M, et al: Interleukin-8 in 
inflammatory rheumatic diseases: synovial fluid levels, rela­
tion to rheumatoid factors, production by mononuclear 
cells, and effects of gold sodium thiomalate and methotrex­
ate, Rheumatol Int 12:159-164,1992

40. Evans GF, Zuckerman SH: Pharmacologic modula­
tion of TNF production by endotoxin stimulated macro­
phages: in vitro and in vivo effects of auranofin and other 
crysotherapeutic compounds. Agents Actions 26:329-334,
1989

41. Pichangkul S, Shick D, Jia FL, et al: Binding of tumor 
necrosis factor alpha (TNF-alpha) to high affinity receptors 
on polymorphonuclear cells, Exp Hematol 15:1055-1059, 
1987

42. Ritcher J: Effect of auranofin on cytokine induced 
secretion of granule proteins from adherent human neutro­
phils in vitro. Ann Rheum Dis 50:372-375,1990

43. Madhok R, Crilly A, Murphy E, et al: Gold therapy 
lowers serum interleukin 6 levels in rheumatoid arthritis. J 
Rheumatol 20:630-633,1993

44. Dasgupta B, Corkill M, Kirkham B, et al: Serial 
estimation of interleukin 6 as a measure of systemic disease 
in rheumatoid arthritis. J Rheumatol 19:22-25,1992

45. Crilly A, Madhok R, Watson J, et al: Production of 
interleukin-6 by monocytes isolated from rheumatoid arthri­
tis patients receiving second line drug therapy. Br J Rheuma­
tol 33:821-825,1994

46. Yanni G, Nabil M, Farahat MR, et al: Intramuscular 
gold decreases cytokine expression and macrophage num­
bers in the rheumatoid synovial membrane. Ann Rheum 
Dis 53:315-322, 1994

47. Hamilton JA: Rheumatoid arthritis: opposing actions 
of haematopoietic growth factors and slow-acting anti­
rheumatic drugs. Lancet 342:536-5339,1993

48. Hashimoto K, Whitehurst CE, Lipsky PE; Synergistic 
inhibition of T  cell proliferation by gold sodium thiomalate 
and auranofin. J Rheumatol 21:1020-1026,1994

49. Sfikakis PP, Souliotis VL, Panayiotidis PP: Suppres­
sion of interleukin-2 and interleukin-2 receptor biosynthesis 
by gold compounds in in vitro activated human peripheral 
blood mononuclear cells. Arthritis Rheum 36:208-212,1993

50. Harth M, Cousin K, McCain GA: Sodium aurothioma-



EFFECTS OF ANTIRHEUMATIC AGENTS ON CYTOKINES 249

late inhibits T cell responses to interleukin-2. Immunophar- 
macol Immunotoxicol 10:141-156,1988

51. Wolf RE, Hall VC: Inhibition of in vitro proliferation 
response of cultured T lymphocytes to interleukin-2 by gold 
sodium thiomalate. Arthritis Rheum 31:176-181,1988

52. Vint AM, Chain BM, Foreman JC: The interaction of 
auranofin and buthionine sulfoximine blocks activation of 
human peripheral T lymphocytes. Cell Immunol 152:152-
161,1993

53. Harth M, Cousin K, McCain GA: In vitro effects of 
two gold compounds, and D-penicillamine on the produc­
tion of interferon gamma. Immunopharmacol Immunotoxi­
col 12:39-60,1990

54. Moore NC, Gough A, Emery P: Co-treatment with 
gold enhances IFN production by stimulated PBMNC in 
vitro. Br J Rheumatol 29:145,1990 (suppl 2)

55. Sanders KM, Carlson PL, Littmann BH: Effects of 
gold sodium thiomalate on interferon stimulation of C2 
synthesis and HLA DR expression by human monocytes. 
Arthritis Rheum 30:1032-1039, 1987

56. Kawakami A, Eguchi K, Migita K, et al: Inhibitory 
effects of gold sodium thiomalate on the proliferation and 
interferon-7 induced HLA-DR expression in human endo­
thelial cells. J Rheumatol 17:430-435, 1990

57. Newman PN, To SST, Robinson BG, et al: Effect of 
gold sodium thiomalate and its thiomalate component on 
the in vitro expression of endothelial cell adhesion mol­
ecules. Arthritis Rheum 37:S255,1994 (suppl 9)

58. Blitstein-Willinger E: Normalization of defective in­
terleukin 1 and interleukin 2 production in patients with 
pemphigus vulgaris following chrysotherapy. Clin Exp Immu­
nol 62:705-714,1985

59. Kirkham BW, Davison SC, Corkill MM, et al: Serial 
soluble interleukin 2 receptor levels in rheumatoid arthritis: 
differences in response to glucocorticoid treatment and 
chrysotherapy. J Rheumatol 20:935-939,1993

60. Sheldon A, Ahern MJ, Smith MD, et al: Response of 
soluble IL-2 receptor levels duringgold therapy for rheuma­
toid arthritis. Clin Exp Rheumatol 12:175-178,1994

61. Crilly A, Madhok R, Watson J, et al: Serum concen­
trations of soluble interleukin 2 receptor in patients with 
rheumatoid arthritis; effect of second line drugs. Ann 
Rheum Dis 52:58-60,1993

62. Hirohata S, Lipsky PE; Comparative inhibitory ef­
fects of bucillamine and D-penicillamine on the function of 
human B cells and T cells. Arthritis Rheum 37:942-950, 
1994

63. Petersen J: Inhibition of T cell-dependent antibody 
production by D-penicillamine. Different requirements for 
Cu2+ in suppression of polyclonal and antigen-specific B 
cell responses. Allergy 42:37-45,1987

64. Brisset M, Pujol JP, Arenzana Seisdedos F, et al: 
D-penicillamine inhibition of interleukin-1 production: a 
possible mechanism for its effect on synovial collagen 
synthesis? Int J Tissue React 8:279-287,1986

65. Martinez F, Coleman JW: The effects of selected 
drugs, including chlorpromazine and non-steroidal anti­
inflammatory agents, on polyclonal IgG synthesis and inter­
leukin 1 production by human peripheral blood mono­
nuclear cells in vitro. Clin Exp Immunol 76:252-257,1989

66. DiMartino MJ, Johnson WJ, Votta B, et al: Effect of

antiarthritic drugs on the enhanced interleukin-1 (IL-1) 
production by macrophages from adjuvant-induced arthritic 
(AA) rats. Agents Actions 21:348-350,1987

67. Teodorescu M, McAfee M, Skosey JL, et al: Covalent 
disulphide binding of human IL-1 beta to alpha 2-macro­
globulin: inhibition by D-penicillamine. Mol Immunol 28: 
323-331, 1991

68. Lyle WH: Penicillamine. Clin Rheum Dis 5:569-601, 
1979

69. Matsubara T, Hirohata K: Suppression of human 
fibroblast proliferation by D-penicillamine and copper sul­
fate in vitro. Arthritis Rheum 31:964-72, 1988

70. Matsubara T, Saura R, Hirohata K, et al: Inhibition 
of human endothelial cell proliferation in vitro and neovas­
cularization in vivo by D-penicillamine. J Clin Invest 83:158-
167,1989

71. Kashiwazaki S, Shiokawa Y; Bucillamine: a new 
immunomodulator. Int J Immunother 3:1-6,1987

72. Hirohata S, Lipsky PE: Regulation of B cell function 
by bucillamine, a novel disease modifying antirheumatic 
drug. Clin Immunol Immunopathol 66:43-51,1993

73. Remvig L, Andersen B: Salicylazosulfapyridine (Saia- 
zopyrin) effect on endotoxin-induced production of interleu- 
kin-l-like factor from human monocytes in-vitro. Scand J
Rheumatol 19:11-16,1990

74. Gronberg A, Isaksson P, Smedeg&rd G: Inhibitory 
effect of sulfasalazine on production of IL-lp, IL-6 and 
TNFtx. Arthritis Rheum 37:S383,1994 (suppl 9)

75. Malfait AM, Verbruggen G, Almqvist KF, et al: 
Cytokine-cascade (IL-1, TNF-alpha, IL-6) in the co-culture 
of mononuclear cells and articular chondrocytes. Influence 
of sulphasalazine. Clin Rheumatol 12:41,1993

76. Shanahan F, Niederlehner A, Carramanza N, et al: 
Sulfasalazine inhibits the binding of TN Fa to its receptor. 
Immunopharmacology 20:217-224,1990

77. Danis VA> Franic GM, Rathjen DA, et al: Circulat­
ing cytokine levels in patients with rheumatoid arthritis: 
results of a double blind trial with sulfasalazine. Ann 
Rheum Dis 51:946-950,1992

78. Barrera P, Boerbooms AMTh, Sauerwein RW, et al: 
Interference of circulating azathioprine but not methotrex­
ate or sulfasalazine with measurements of interleukin-6 
bioactivity. Lymphokine Cytokine Res 13:155-159,1994

79. Fujiwara M, Mitsui K, Ishida J, et al: The effect of 
salazosulfapyridine on the in vitro antibody production in 
murine spleen cells. Immunopharmacology 19:15-21,1990

80. Carlin G, Nymar AK, Gronberg A: Effects of sulfasala­
zine on cytokine production by mitogen-stimulated human 
T-cells. Arthritis Rheum 37:S383,1994 (suppl 9)

81. Luqmani R, Sheeran T, Robinson M, et al: Systemic 
cytokine measurements: their role in monitoring the re­
sponse to therapy in patients with rheumatoid arthritis. Clin 
Exp Rheumatol 12:503-508,1994

82. Watson J, Crilly A, Madhok R, et al: IL-6 and soluble 
IL-2 receptor in rheumatoid arthritis patients treated with 
second line drugs. Biochem SocTrans 20:138S, 1992

83. Haagsma CJ, van Riel PLCM, de Rooij DJRAM, et 
al: Combination of methotrexate and sulfasalazine vs metho­
trexate alone: A  randomized open clinical trial in rheuma­
toid arthritis patients resistant to sulfasalazine therapy. Br J 
Rheumatol 33:1049-1055,1994



250 BARRERA ET AL

84. Barrera P, Haagsma CJ, Boerbooms AMTh, et aJ: 
Effect of methotrexate alone or in combination with sul­
fasalazine on the production and circulating concentrations 
of cytokines and their antagonists. Longitudinal evaluation 
in patients with rheumatoid arthritis, Br J Rheumatol 
34:747-755,1995

85. Segal R, Yaron M, Tartakowski B: Methotrexate: 
mechanism of action in rheumatoid arthritis. Semin Arthri­
tis Rheum 3:190-199, 1990

86. Segal R, Mozes E, Yaron M, et al: The effects of 
methotrexate on the production and activity of interleu­
kin-1. Arthritis Rheum 32:370-377, 1989

87. Segal R, Yaron M, Tartakowski B: Rescue of interleu- 
kin- 1 activity by leucovorin following inhibition by methotrex­
ate in a murine in vitro system. Arthritis Rheum 33:1745-
1749,1990

88. Meyer FA, Yaron 1, Mashiah V, et al: Methotrexate 
inhibits proliferation but not interleukin-1 stimulated secre­
tory activities of cultured human synovial fibroblasts. J 
Rheumatol 20:238-242, 1993

89. Firestein GS, Paine MM, Boyle DL: Mechanisms of 
methotrexate action in rheumatoid arthritis. Selective de­
crease in collagenase gene expression. Arthritis Rheum
37:193-200,1994

90. Miller LC, Cohen HE, Orencole SF, et al: Interleu- 
kin-lß (IL lß) is structurally related to dihydrofolate reduc­
tase: effects of methotrexate (MTX) on IL1. Cytokine Res 
7:1-49,1988

91. Johnson WJ> DiMartino MJ, Meunier PC, et al: 
Methotrexate inhibits macrophage activation as well as 
vascular and cellular inflammatoiy events in rat adjuvant 
induced arthritis. J Rheumatol 15:745-749, 1988

92. Hu SK, Mitcho YL, Oronsky AL, et al: Studies on the 
effect of methotrexate on macrophage function, J Rheuma­
tol 15:206-209,1988

93. Kerwar SS, Oronsky L: Methotrexate in rheumatoid 
arthritis: studies with animal models. Adv Enzyme Regul 
29:247-265, 1989

94. Barrera P, Boerbooms AMTh, Demacker PNM, et al: 
Circulating concentrations and production of cytokines and 
soluble receptors in rheumatoid arthritis patients: effects of 
a single dose methotrexate. Br J Rheumatol 33:1017-1024, 
1994

95. Chang DM, Weinblatt ME, Schur PH: The effects of 
methotrexate on interleukin- 1 in patients with rheumatoid 
arthritis. J Rheumatol 19:1678-1682, 1992

96. Kremer JM, Petrillo GF, Lawrence DA: Methotrex­
ate (MTX) induces significant changes in IL-1, IL-2, IL-6 
and IL-8 but not lymphocyte markers in patients with 
rheumatoid arthritis (RA). Arthritis Rheum 36:S77,1993

97. Thomas R, Carroll GJ: Reduction of leukocyte and 
interleukin-lß concentrations in the synovial fluid of rheu­
matoid arthritis patients treated with methotrexate. Arthri­
tis Rheum 36:9:1244'1252,1993

98. Barrera P, Boerbooms AMTh, Janssen EM, et al: 
Circulating soluble tumor necrosis factor receptors, interleu­
kin-2 receptors, tumor necrosis factor a, and interleukin-6 
levels in rheumatoid arthritis. Longitudinal evaluation dur­
ing methotrexate and azathioprine therapy. Arthritis Rheum 
36:1070-107.9,1993

99. Crilly A, Mclnness, McDonald AG, et al: Interleu­

kin-6 (IL-6) and soluble IL -2 receptor levels in patients with 
rheumatoid arthritis treated with low dose oral methotrex­
ate. J Rheumatol 22:224-226,1995

100. Nakarai T, Ueno Y, Ueno Y, et al: Paradoxical 
enhancement of interleukin-2 mediated cytotoxicity against 
K562 cells by addition of a low dose of methotrexate. 
Cancer Immunol Immunother 32:8-12,1990

101. Miller LC, Dempsey RD, Schaller JG, et al: Metho­
trexate (MTX) increases production of interleukin-2 (IL-2). 
Lymphokine Res 7:7-35,1988

102. Aaron SL: Augmentation of IL-2 secretion by metho­
trexate therapy of rheumatoid arthritis. Arthritis Rheum 
32:S50,1989

103. Couret M, Combe B, Reme T, et al: Production 
d’interleukine 2 et d’interferon-gamma dans la polyarthrite 
rhumatoïde au cours d ’une étude longitudinale chez des 
patients traités par methotrexate. Revue Rhumatisme 57:
641-645,1990

104. Kremer JM, Lawrence DA, Petrillo GF, et al: 
Immune effects of stopping and restarting methotrexate 
(MTX) in patients with rheumatoid arthritis. Arthritis 
Rheum 37:S252,1994 (suppl 9)

105. Flescher E, Bowlin TL, Ballester A, et al: Increased 
polyamines may down-regulate interleukin-2 production in 
rheumatoid arthritis. J Clin Invest 83:1356-1362,1989

106. Nesher G, Osborn T, Moore TL: Lymphocyte poly- 
amine depletion in rheumatoid arthritis patients treated 
with methotrexate. Arthritis Rheum 37:S254,1994 (suppl 9)

107. Kremer JM: The mechanism of action of methotrex­
ate in rheumatoid arthritis. The search continues. J Rheuma­
tol 21:1-5,1994

108. Polisson RP, Dooley MA, Dawson DV, et al: Inter­
leukin-2 receptor levels in the sera of rheumatoid arthritis 
patients treated with methotrexate. Arthritis Rheum 37:50- 
56,1994

109. Rose CD, Fawcett PT, Gibney K, et al: Serial 
measurements of soluble interleukin 2 receptor levels (sIL- 
2R) in children with juvenile rheumatoid arthritis treated 
with oral methotrexate. Ann Rheum Dis 53:471-474,1994

110. Taylor R, Xie C, Beckenbaugh R, et al: Disease 
specific lymphokine pattern in rheumatoid arthritis. Selec­
tive modulation by methotrexate. Arthritis Rheum 37:S277, 
1994 (suppl 9)

111. Kerstens PJSM, Stolk JN, Boerbooms AMT, et al: 
Purine enzymes in rheumatoid arthritis. A clue to predic­
tion of the response to azathioprine? Review and hypoth­
esis. Clin Exp Rheumatol 13:107-111,1995

112. Dupont E, Schandene L, Denys C, et al: Differential 
in vitro actions of cyclosporin, methylprednisolone, and 
6-mercaptopurine: implications for drugs’ influence on 
lymphocyte activation mechanisms. Clin Immunol Immuno- 
pathol 40:422-428, 1986

113. Szawlowski PW, Maddocks JL: Effect of interleu­
kin-2 on the inhibition of the human mixed lymphocyte 
reaction (MLR) by azathioprine. Br J Clin Pharmacol 
20:107-110, 1985

114. Crilly A, Mclnnes IB, Capell HA, et al: The effect of 
azathioprine on serum levels of interleukin 6 and soluble 
interleukin 2 receptor. Scand J Rheumatol 23:87-91,1994

115. Jain J, McCaffrey PG, Minet Z, et al: The T-cell



EFFECTS OF ANTIRHEUMATIC AGENTS ON CYTOKINES 251

transcription factor NFATp is a substrate for calcineurin 
and interacts with Fos and Jun, Nature 365:352-355,1993

116. Russell RGG, Graveley R, Coxon F, et al: Cyclo­
sporin A. Mode of action and effects on bone and joint 
tissues. Scand J Rheumatol 21:9-18,1992 (suppl 95)

117. Goldfeld AE, Tsai E, Kincaid R, et al: Calcineurin 
mediates human tumor necrosis factor alpha gene induction 
in stimulated T and B cells. J Exp Med 180:763-768,1994

118. Andersson J, Nagy S, Groth CG, et al: Effects of 
FK506 and cyclosporin A on cytokine production studied in 
vitro at a single cell level. Immunology 75:136-142,1992

119. Yocum DE, Wilder RL, Dougherty S, et al: Immuno­
logic parameters of response in patients with rheumatoid 
arthritis treated with cyclosporin A, Arthritis Rheum 33: 
1310-1316,1990

120. Crilly A, Kolta S, Dougados M, et al: Effect of 
cyclosporin A on interleukin-6 and soluble interleukin-2 
receptor in patients with rheumatoid arthritis. Ann Rheum
Dis 54:137-139,1995

121. Falkenbach A, Wigand R, Unkelbach U, et al: 
Cyclosporin treatment in rheumatoid arthritis is associated 
with an increased serum activity of beta-glucuronidase. 
Scand J Rheumatol 22:83-85,1993

122. Brynskov J, Tvede N: Plasma interleukin-2 and a 
soluble/shed interleukin-2 receptor in serum of patients 
with Crohn’s disease. Effect of cyclosporin. Gut 31:795-799,
1990

123. Clements PJ, Lanchenbruch PA, Sterz M, et al: 
Cyclosporin in systemic sclerosis. Results of a forty-eight- 
week open safety study in ten patients. Arthritis Rheum 
36:75-83,1993

124. Schlagheke R, Beusner D, Kornely E, et al: Effects 
of glucocorticoids in rheumatoid arthritis. Diminished gluco­
corticoid receptors do not result in glucocorticoid resis­
tance. Arthritis Rheum 37:1127-1131,1994

125. Lee SW, Tsou AP, Chan H, et al: Glucocorticoids 
selectively inhibit the transcription of the interleukin ip  
gene and decrease the stability of interleukin 1(3 mRNA. 
Proc Natl Acad Sci USA 85:1204-1208,1988

126. Amano Y, Lee SW, Allison AC: Inhibition by 
glucocorticoids of the formation of interleukin-1 alpha, 
interleukin-1 beta, and interleukin-6: mediation by de­
creased mRNA stability. Mol Pharmacol 43:176-182,1993

127. Shaw G, Kamen R: A conserved sequence from the 
3' untranslated region of GM-CSF mRNA mediates selec­
tive mRNA degradation. Cell 46:659-667,1988

128. Kern JA, Lamb RJ, Reed JC, et al: Dexamethasone 
inhibition of interleukin 1 beta production by human 
monocytes. Posttranscriptional mechanisms. J Clin Invest
81:237-244,1988

129. Lee W, Oppenheim JJ, Matsushima K: Analysis of 
the suppression of IL -la  and IL-1 (3 production on human 
peripheral mononuclear adherent cells by a glucocorticoid 
hormone. J Immunol 140:3034-3039,1988

130. Beutler B, Krochin N, Milsark IW, et al: Control of 
cachectin (tumor necrosis factor) synthesis: mechanisms of 
endotoxin resistance, Science 232:977-980,1986

131. Waage A, Slupphaug G, Shalaby R: Glucocorticoids 
inhibit the production of IL6 from monocytes, endothelial 
cells and fibroblasts. Eur J Immunol 20:2439-2443, 1990

132. Mukaida N, Zachariae CCO, Gusella GL, et al:

Dexamethasone inhibits the induction of monocyte chemo- 
tactic-activating factor production by IL-1 or tumor necrosis 
factor. J Immunol 146:1212-1215,1991

133. Reed SC, Abide AH, Alpers JD, et al: Effect of 
cyclosporin and dexamethasone on interleukin-2 receptor 
gene expression. J Immunol 137:150-154,1986

134. Chikanza LC, Panayi GS: The effects of hydrocorti­
sone on in vitro lymphocyte proliferation in corticosteroid 
sensitive and resistant subjects. Eur J Clin Invest 23:845-
850,1993

135. Akahoshi T, Oppenheim JJ, Matsushima K: Induc­
tion of high-affinity interleukin 1 receptor on human periph­
eral blood lymphocytes by glucocorticoid hormones. J Exp 
Med 167:924-936,1988

136. Butler JB, Huang X, Planck SR, et al: Discordant 
regulation of mRNA for IL-lp and its receptor by IL -la  and 
dexamethasone in cultured synoviocytes. Arthritis Rheum 
34:S142,1991 (suppl 9)

137. Snyers L, Wit LD, Content J: Glucocorticoid upreg- 
ulation of high affinity interleukin-6 receptors on human 
epithelial cells. Proc Natl Acad Sci USA 87:2838-2842,1990

138. Hart PH, Whitty GA, Burgess DR, et al: Augmenta­
tion of glucocorticoid action on human monocytes by 
interleukin-4, Lymph Res 9:147-153,1990

139. Bendrups A, Hilton A, Meager A, et al: Reduction 
of tumor necrosis factor a  and interleukin-ip levels in 
human synovial tissue by interleukin-4 and glucocorticoid.
Rheumatol Int 12:217-220,1993

140. Vetto JT, Papa MZ, Lotze MT, et al: Reduction of 
interleukin-2 and lymphokine-activated killer cells in hu­
mans by the administration of corticosteroids. J Clin Oncol 
5:496-503,1987

141. Chatenoud L, Legendre C, Ferran C, et al: Cortico­
steroid inhibition of the OKT3-induced cytokine-related 
syndrome. Dosage and kinetics prerequisites. Transplanta­
tion 51:334-338, 1991

142. Barber AE, Coyle SM, Marano MA, et al: Glucocor­
ticoid therapy alters hormonal and cytokine responses to 
endotoxin in man. J Immunol 150:1992-2006,1993

143. Robinson D, Hamid Q, Ying S, et al: Prednisolone 
treatment in asthma is associated with modulation of 
bronchoalveolar lavage cell interleukin-4, interleukin-5 and 
interferon-gamma cytokine gene expression. Am Rev Respir 
Dis 148:401-406,1993

144. Vecchiarelli A, Siracusa A, Cenci E, et al: Effect of 
corticosteroid treatment on interleukin-1 and tumor necro­
sis factor secretion by monocytes from subjects with asthma. 
Clin Exp Allergy 22:365-370, 1992

145. Roche NE, Fulbright JW, Wagner AD, et al: Corre­
lation of interleukin-6 production and disease activity in 
polymyalgia rheumatica and giant cell arteritis. Arthritis
Rheum 36:1286-1294,1993

146. Van den Brink HR, van Wijk MJ, Geertzen RG, et 
al: Influence of corticosteroid pulse therapy on the serum 
levels of soluble interleukin 2 receptor, interleukin 6 and 
interleukin 8 in patients with rheumatoid arthritis. J Rheu­
matol 21:430-434,1994

147. Moachon L, Weill BJ, Chereau C, et al: Pulse 
methylprednisolone therapy reduces monocyte IL-1 produc­
tion ex vivo (letter). J Rheumatol 16:1515-1516, 1989

148. Wood NC, Symons JA, Dutz GW: Serum interleu­



252 BARRERA ET AL

kin-2 receptor in rheumatoid arthritis: a prognostic indica­
tor of disease activity? J Autoimmun 1:353-361,1988

149. Espersen GT, Vestegaard M, Ernst E, et al: Tumor 
necrosis factor alpha and interleukin-2 in plasma from 
rheumatoid arthritis patients in relation with disease activ­
ity. Clin Rheumatol 10:374-376,1991

150. Gutierrez-Rodriguez O, Starusta-Bacal P, Gutierrez- 
Montes O: Treatment of refractory rheumatoid arthritis. 
The thalidomide experience. J Rheumatol 16:158-163, 1989

151. Anaya JM, Espinoza LR; Phosphodiesterase inhibi­
tor pentoxifylline: an antiinflammatoiy/immunomodulatory 
drug potentially useful in some rheumatic diseases. J Rheu­
matol 22:595-599,1995

152. Maksymowych WP, Avina-Zubieta A, Luong MH, 
et al: An open study of pentoxifylline in the treatment of 
severe refractory rheumatoid arthritis. J Rheumatol 22:625- 
629,1995

153. Dougados M, Combe B, Beveridge T, et al: IX 
207,887 in rheumatoid arthritis: A double-blind placebo- 
controlled study. Arthritis Rheum 35:999-1006,1992

154. Sipe JD, Bartle LM, Loose LD: Modification of 
proinflammatory cytokine production by the antirheumatic 
agents tenidap and naproxen: a possible correlate with 
clinical acute phase response. J Immunol 148:480-484,1992

155. Martel-Pelletier J, Ounissi H, Cloutier JM, et al: 
Tenidap effectively reduces cytokine synthesis and expres­
sion by human rheumatoid arthritis synovium. Arthritis 
Rheum 37:S309,1994 (suppl 9)

156. Miltenburg AMM, Dolhain RJEM, de Kuiper R, et 
al: Tenidap inhibits T  cell proliferation, cytokine produc­
tion and the induction of mRNA encoding TNFa and IFN 
gamma. Arthritis Rheum 37:S384,1994 (suppl 9)

157. Pelletier JP, McCollum R, DiBattista J, et al: 
Regulation of human normal and osteoarthritic chondro­
cyte interleukin-l receptor by antirheumatic drugs, Arthri­
tis Rheum 36:1517-1527, 1993

158. Abdulkarim M, Al-Humidan M, Reilly KM, et al: 
Tenidap inhibits bone resorption induced by PTH, 1,25 Vit 
D3, IL-1, TNF and PGE2 in vitro by mechanisms indepen­
dent of inhibition of prostaglandin synthesis. Arthritis 
Rheum 34:D171,1991 (suppl 9)

159. Lindsley HB, Smith DD, Cohick CB: Suppression by 
tenidap of IFN-gamma-induced expression of HLA class II 
antigens on cultured human synoviocytes (HSC) and reduc­
tion of PBMNC adhesion to rheumatoid HSC in vitro. J 
Immunol 150:140A, 1993

160. Littman BH, Drury CE, Zimmerer RO, et al: 
Rheumatoid arthritis treated with tenidap and piroxicam. 
Clinical associations with cytokine modulation by tenidap. 
Arthritis Rheum 38:29-37,1995

161. Leeming MRG: A double-blind randomised com­
parison of tenidap versus auranofin plus diclofenac in early 
rheumatoid arthritis. Arthritis Rheum 36:A84,1993 (suppl 9)

162. Yocum DE: The use of immunomodulators in early 
rheumatoid arthritis. Semin Arthritis Rheum 23:44-49,1994
(suppl 2)

163. Pincus T, Callahan LF: New therapeutic approaches 
in autoimmune rheumatic diseases, with special emphasis 
on rheumatoid arthritis. B rJ  Rheumatol 34:193-199,1995

164. Cheung NT, Taylor D, Dawes PT, et al: In vitro 
effect of leflunomide on RA synovial fibroblasts prolifera­

tion and production of the matrix metallo-proteinase pro- 
MMP3. B rJ Rheumatol 34:113, 1995 (suppl 1)

165. Mukaida N, Okamoto S, Ishikawa Y, et ai: Molecu­
lar mechanisms of interleukin-8 gene expression. J Leukoc 
Biol 56:554-558, 1994

166. Seitz M, Franke M, Kirchner H: Induction of 
antinuclear antibodies in patients with rheumatoid arthritis 
receiving treatment with human recombinant interferon 
gamma. Ann Rheum Dis 47:642-644,1988

167. Graninger WB, Hassfeld W, Pesau BB, et al: Induc­
tion of systemic lupus erythematosus by interferon-7 in a 
patient with rheumatoid arthritis. J Rheumatol 18:1621-
1622,1991

168. Machold KP, Smolen JS: Interferon-y induced exac­
erbation of systemic lupus erythematosus. J Rheumatol 
17:831-832,1990

169. Kahan A, Amor B, Menkes CJ, et al: Recombinant 
interferon in the treatment of systemic sclerosis. Am J Med 
87:273-277,1989

170. Hein R, Behr J, Hündgen M, et al: Treatment of 
systemic sclerosis with y-interferon. Br J Dermatol 126:496-
501,1992

171. Vreugdenhil G, Schattenberg A, Dompeling EC, et 
al: Haemopoietic growth factors in rheumatoid arthritis: a 
critical approach to their use in view of possible adverse 
effects. Am J Med 94:229-230,1993

172. Yasuda M, Kihara T, Wada T, et al: Granulocyte 
colony-stimulating factor induction of improved leukocyto- 
penia with inflammatory flare in a Felty’s syndrome patient. 
Arthritis Rheum 37:145-146,1994

173. Wijdenes J, Racadot E, Wendling D: Interleukin-6 
antibodies in rheumatoid arthritis. J Interferon Res 14:297-
298,1994

174. Kyle V, Coughlan RJ, Tighe H, et ai: Beneficial 
effect of monoclonal antibody to interleukin-2 receptor on 
activated T cells in rheumatoid arthritis. Ann Rheum Dis 
48:428-429,1989

175. Sewell KL, Parker KC, Woodworth TG, et al: 
DAB486IL-2 fusion toxin in refractory rheumatoid arthritis. 
Arthritis Rheum 36:1223-1233,1993

176. Moreland LW, Sewell KL, Trentham DE, et al: 
Interleukin-2 diphteria fusion protein (DAB486IL-2) in 
refractory rheumatoid arthritis. A double-blind, placebo- 
controlled trial with open-label extension. Arthritis Rheum 
38:1177-1186,1995

177. Kremer JM, Petrillo GF, Rigby WFC, et al: Phase 
I/II, open-label trial of DAB389IL-2 administered to pa­
tients with active rheumatoid arthritis (RA) receiving treat­
ment with methotrexate (MTX), Arthritis Rheum 37:S341,
1994 (abstr)

178. Sewell KL, Moreland LW, Fürst DE, et al: Phase II, 
open-label trial of DAB389IL-2 administered up to four 
times a year to patients with active rheumatoid arthritis 
(RA). Arthritis Rheum 37:S341,1994 (suppl 9)

179. Lebsack ME, Paul CC, Bloedow DC, et al: Subcuta­
neous IL-1 receptor antagonist in patients with rheumatoid 
arthritis. Arthritis Rheum 34:S45,1991

180. Lebsack ME, Paul CC, Martindale JJ, et al: A dose 
and regimen ranging study of IL-1 receptor antagonist in 
patients with rheumatoid arthritis. Arthritis Rheum 36:S39, 
1993



EFFECTS OF ANTIRHEUMATIC AGENTS ON CYTOKINES 253

181. Drevlow B, Lovis R, Haag MA, et al: Phase I study 
of recombinant interleukin-l-receptor (rhu IL-1R) adminis­
tered subcutaneously in patients with active rheumatoid 
arthritis. Arthritis Rheum 37:339,1994 (suppl 9)

182. Elliott MJ, Maini RN, Feldmann M, et al: Treat­
ment of rheumatoid arthritis with chimeric monoclonal 
antibodies to tumor necrosis factor a. Arthritis Rheum 
36:1681-1690,1993

183. Elliott MJ, Maini RN, Feldmann M, et al: Repeated 
therapy with monoclonal antibody to tumor necrosis factor 
a  (cA2) in patients with rheumatoid arthritis. Lancet 
344:1125-1127,1994

184. Elliott MJ, Maini RN, Feldmann M, et al: Ran­
domised double-blind comparison of chimeric monoclonal

antibody to tumor necrosis factor a  (cA2) versus placebo in 
rheumatoid arthritis. Lancet 344:1105-1110,1994

185. Elliott MJ, Woo P, Charles P, et al: Treatment of 
systemic juvenile chronic arthritis (JCA) with monoclonal 
anti-TNFa. Temporary control of systemic but not articular 
features of disease. Arthritis Rheum 37:S276,1994 (suppl 9)

186. Rankin ECC, Choy EHS, Kassimos D, et al: The 
therapeutic effects of an engineered human anti-tumor 
necrosis factor alpha antibody (CDP571) in rheumatoid 
arthritis. Br J Rheumatol 34:334-342,1995

187. Moreland LW, Margolies GR, Heck LW, et al: 
Soluble tumor necrosis factor receptor (sTNFR): Results of 
a phase I dose-escalation study in patients with rheumatoid 
arthritis. Arthritis Rheum 37:S295,1994 (suppl 9)


