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ABSTRACT
Interleukin-1 (IL-1) and tumor necrosis
factor (TNF ) are key mediat o rs of
i n fl a m m ation and are produced by
monocyte-macrophages (M ) following
the activation of soluble fa c t o rs and
contact with stimu l ated Th1 ly m p h o -
cytes. The contact between ly m p h o -
cytes and M is regulated by ligand and
c o u n t e rl i gands (i.e. 2- i n t egri n s ,
C D 4 0 - C D 4 0 L , CD69) and plasma
lipoproteins (i.e. HDL-associated Apo-
AI). IL-1 and TNF are potent inducers
of matrix metalloproteinases (MMPs),
e i c o s a n o i d s , n i t ric oxide ox y d a s e
( i N O S ) , re c eptor activator of NF- B
ligand (RANKL), products involved in
the destruction of the extracellular ma -
trix, the cartilage and in bone resorp -
tion. IL-1 – particularly important at
the local level – is more potent than
TNF in stimulating MMPs and specifi -
c a l ly in impeding cart i l age rep a i r.
However, IL-1 and TNF strongly syn -
ergize in multiple biological functions.
B l o ckade of IL-1 by IL-1 re c ep t o r
antagonist (IL-1Ra, sIL-1RII) in com -
bination with the soluble IL-1 acces -
sory protein (IL-1R AcP) result in a
long-term beneficial effect in chronic
inflammatory diseases. The association
with anti-TNF therapy may also repre -
sent a logical ap p ro a ch , c o n s i d e ri n g
the number of patients that do not
respond to either compound alone. An
altogether new challenge would be to
accomplish the bl o ckade at a more
p roximal level (i.e. ly m p h o cy t e /M
interaction).

I. Role of interleukin-1 in tissue
destruction and repair
Th e re is considerable evidence that
interleukin-1 (IL-1) and tumor necrosis
factor (TNF ) are key mediators of
inflammation and tissue degradation in
r h e u m atoid art h ritis (RA) (1). Both
cytokines may influence local and sys-
temic disease manifestations, as well as
the mechanisms that result in the de-

struction of cartilage, tendons and bone
matrix. In particular, the effects of IL-1
on the induction of pro t e o lytic en-
zymes such as neutral matrix metallo-
proteinases and aggrecanases appear to
be critical in the pathophysiology of
structural joint damage. 
IL-1 and TNF are produced primarily
by macrophages and, to a lesser extent,
by fibroblasts, synoviocytes and neu-
trophils. IL-1 shares many biological
a c t ivities with T N F, causing an in-
creased expression of cyclo-oxygenase
type 2 (COX-2), platelet activation fac-
tor (PAF) and inducible nitric ox i d e
synthase (iNOS). This in turn leads to
i n c reased levels of pro s t aglandin E2

(PGE2) and nitric oxide. IL-1 and TNF
also cause increased expression of ad-
hesion molecules on endothelial cells,
a l l owing migration of infl a m m at o ry
cells into the extravascular space (2).
Histological observation strongly sug-
gests that the close vicinity of T lym-
phocytes (TL) – mainly CD4+ – with
m o n o cy t e - m a c ro p h ages (M ) in the
inflamed synovial tissue is primordial.
H oweve r, B ly m p h o cytes and com-
plement components leading to the for-
m ation of immune complexes (rheu-
matoid factors) also play a role in sti-
mulating M . 
Based on in vitro experiments we pro-
posed 10 years ago that direct contact
between TL and M is a major pathway
inducing the production of IL-1 and
TNF in monocytes, and it appears to be
more potent by far than the effect of TL
soluble cytokines (3). In vitro experi-
ments on human synoviocytes (4), as
well investigations using experimental
animal models, support the theory that
it could be advantageous to block both
IL-1 and TNF. Besides, the therapeutic
use of either anti-TNF or anti-IL-1
agents has shown that the percentage of
non-responding patients is not negligi-
ble. Therefore, by impeding this cell-
cell contact, it will be possible to inhib-
it the production of both cytokines.
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The claim that IL-1 is associated with
osteoclast activation, consequently in-
creasing bone resorption, is based on
the observation that: (a) IL-1 induces
bone resorption in vitro; (b) elevated
IL-1 levels in gingival fluid correlate
with the severity of bone resorption; (c)
o s t e o p o rosis in elderly patients is
reduced with the spontaneous expres-
sion of high IL-1Ra leve l s , while it
increases in the presence of low IL-1Ra
levels; and (d) blocking of IL-1 recep-
t o rs reduces the activity in human
myeloma cells.
IL-1 acts on osteoblasts and bone re-
sorption by inducing the expression of
RANKL (receptor activator of the NF-
kB ligand), also known as ODF (osteo-
clast diffe re n t i ation factor). In turn ,
RANKL stimulates the differentiation
of the osteoclast precursor into mature
osteoclasts responsible for bone resorp-
tion (5). RANKL and IL-1 also stimu-
late directly mature osteoclasts. Fortu-
nately, this system is not without an
i n h i b i t o ry molecule: o s t e o p ro t ege ri n
(OPG), a RANKL antagonist that in-
hibits osteoclast differentiation. 
RANKL also induces the production of
p ro - i n fl a m m at o ry cytokines such as
IL-1 and of others that stimulate and
induce differentiation of T cells (e.g.
IL-12 and IL-15 produced by APC). To
some degree, IL-1 and TNF also act on
marrow stromal cells and osteoclasts to
secrete OPG. However, in RA the con-
centration of RANKL is probably high-
er than that of OPG.
As far as tissue destruction is con-
cerned, at equal molar concentrations
IL-1 is more potent than TNF in that it
induces mat rix metallopro t e i n a s e s
(MMP) and aggrecanases. Howeve r,
once more the synergism with TNF is
significant. The respective roles of IL-1
and TNF in terms of tissue destruction
remain to be clearly defined in the dif-
ferent human diseases since they may
vary. For the time being, the relevance
of IL-1 as a crucial destructive media-
tor and propagator of joint inflamma-
tion is highlighted by the absence of
chronic arthritis and joint erosions in
IL-1 -deficient mice (6). On chondro-
cytes IL-1 is clearly a more potent ca-
tabolic factor than TNF. This may part-
ly be due to the differential level of re-

ceptor expression on chondrocytes.
In chronic inflammation and joint de-
struction one of the main differences
between IL-1 and TNF is probably re-
lated to their effect on the repair pro-
cess since IL-1 s t ro n g ly suppre s s e s
aggrecan synthesis, type II collage n
synthesis and ch o n d ro cyte pro l i fe ra-
tion. The disparate effects of IL-1 and
TNF are illustrated in chronic relapsing
SCW arthritis. Indeed, repeat injections
of SCW activate macrophages and give
rise to destructive arthritis, character-
ized by loss of proteoglycans, erosion
of the surface and pronounced infiltra-
tion of the synovial tissue. These cha-
racteristic features of arthritis can be
induced in normal mice but are severe
in a TNF-deficient background, which
illustrates that erosion and inflamma-
tion occur even in the absence of TNF.
In contrast, proteoglycan depletion is
obvious in control litter-mates but not
in IL-1 -deficient mice. In various in
vitro models of human cartilage cul-
ture, explants or cell cultures (Table I)
(see review in 7) IL-1 strongly decreas-
es the synthesis of pro t e og ly c a n s ,
whereas the effect of TNF is less pro-
nounced (8).
In summary, IL-1 is a key mediator of
rheumatic diseases because of: (a) its
greater capacity (greater than that of
TNF) of increasing matrix degradation
by inducing the production of MMPs
and PGE2 in synovial cells; (b) its role
as mediator in bone resorption and car-
tilage destruction; (c) its property of
decreasing the repair process by sup-
pressing matrix synthesis; (d) its strong
synergism with TNF in inducing many
inflammatory genes at both local and
systemic levels; and (e) its possible ge-
netic link to highly erosive RA. Gene-
rally speaking, it appears that TNF is
more involved in systemic manifesta-
tions and infl a m m at i o n , e n d o t h e l i a l
cells being ex q u i s i t e ly sensitive to
T N F. IL-1 is mainly invo l ved at the
local leve l , bone destruction and the
lack of a repair process. Finally, in in-
nate immunity, IL-1 shares with TNF
and IL-6 many biological activities, the
most important being the hepatic acute-
phase re s p o n s e, the response of the
central nervous system (fever, altered
s l e ep behav i o r, a n o rex i a ) , i n c re a s e d

muscle proteolysis and adipocyte lipo-
ly s i s , m a c ro p h age activat i o n , re l e a s e
and activation of neutrophils (2, 9).

II. The discovery of IL-1 receptor
antagonist
As early as 1983/1984, b e fo re the
cloning of IL-1, we suspected the pres-
ence of a potential inhibitor to IL-1.
Indeed, while pursuing the goal of iso-
lating large amounts of IL-1 using the
bioassay of stimulation of collagenase
and pro s t aglandin on synovial cells,
our attention was drawn to diseases as-
sociated with large amounts of mono-
cytes, i.e. monocytic leukemia, or dis-
eases associated with a high tempera-
t u re or ch ronic deb i l i t ating diseases
such as RA and juvenile rheumatoid
arthritis. To our surprise, considering
that the screening for IL-1 was only
p o s s i ble by bioassay (no immu n o a s-
says were available at that time), we
failed to detect IL-1 biological activi-
ties in the serum or urine of seriously ill
patients suffering from the above dis-
eases. This prompted the hy p o t h e s i s
that IL-1 might be masked by inhibito-
ry molecules,and after biochemical pu-
rification a factor of ~17 kDa was iso-
lated from the urine of patients with
monocytic leukemia (10, 11). This fac-
tor specifically blocked the biological
a c t ivities of IL-1, without affe c t i n g
those of TNF (12). This was the semi-
nal identifi c ation of IL-1 re c ep t o r
antagonist in vivo.
In 1985 an independent observat i o n
was made by W. Arend of an inhibitor
to chondrocyte and thymocyte respon-
s iveness to IL-1 in cultured human
monocytes (13), at which stage the me-
chanism of action had not yet been
identified. In 1987 we identified by the
ligand-binding assay the mechanism of
action that justified the nomenclature

Table I. Experimental arthritis in TNF-  or
IL-1 -/- mice.

Inflammation Destruction

Animal model TNF IL-1 TNF IL-1

Antigen-induced ++ + - +++

Collagen-induced ++ +++ + +++

Immune complex + +++ - +++

Strep. cell wall ++ + - +++
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of ‘ re c eptor antago n i s t ’ ( I L - 1 R a ) ,
which consisted in natural purified IL-
1Ra interfering with the binding of IL-
1 to lymphocytes (14). The same year,
our group in collaboration with A.-M.
Prieur made the first clinical observa-
tion of the variation in IL-1Ra levels in
disease, high IL-1Ra levels being ob-
served during the afebrile phase, and
low levels in the febrile phase of pa-
tients with systemic juvenile rheuma-
toid arthritis (15). 
Pursuant to our observation that natural

IL-1Ra blocked the binding of IL-1 to
the cells, IL-1Ra was cloned at Syner-
gen in 1990 (16, 17). Having thus re-
combinant IL-1Ra at our disposal, we
established that natural IL-1Ra, puri-
fied from urine, and recombinant IL-
1Ra were similar in that both inhibited
I L - 1 - m e d i ated bone re s o rption and
P G E2 p roduction (18). Recombinant
IL-1Ra was introduced in clinical trials
i nvolving patients with RA in 1991,
almost eight years after its initial isola-
tion (19, 20).

III. IL-1 and IL-1 receptor family
(Fig. 1)
The IL-1 family is growing and con-
sists amongst others of two proinflam-
m at o ry molecules, I L - 1 and IL-1 ,
and the specific re c eptor antago n i s t ,
IL-1Ra. There are two types of IL-1 re-
ceptors (IL-1R): IL-1R type I possesses
a long cytoplasmic tail and is responsi-
ble for the induction of the intracellular
response after binding to IL-1. IL-1 or
IL-1 binding to IL-1RI results in the
formation of a heterodimer with the IL-
1 receptor accessory protein (IL-1AcP)
(Fig. 2). The receptor contains a Toll
domain, important for signal transduc-
tion. The heterodimer complex recruits
IL-1 re c ep t o r- a c t ivating kinase (IRAK),
and a signal is transduced to the cell
nu cleus through diffe rent pat h way s ,
including TRAF 6 and P1,3 kinase to
IkB kinases, but also through MEKK
and p38 MAPK. Thus, IL-1Ra inhibits
competitively IL-1 binding to the re-
ceptor, preventing the formation of the
h e t e rodimer and consequently signal
transduction. It must be noted, howev-
er, that the binding affinity of IL-1Ra to
IL-1RI is as strong as the binding of IL-
1 or . However, between 70 and 80%
of the binding of IL-1 or IL-1 has to
be blocked for the adequate inhibition
of their biological activities.
IL-1R type II has a short cytoplasmic
domain and functions as a ‘decoy’ re-
ceptor, leading to a distinct decrease in
the amount of IL-1 available for bind-

Fig. 1: IL-1 and IL-1 receptor family.

Fig. 2: IL-1 and IL-1Ra production and target cell receptor.



ing to IL-1R type I. IL-1R type II is
cleaved from the cell surface in soluble
form and by binding to IL-1 in solution
it prevents the cytokine from reaching
the target cells. We demonstrated that
in vivo soluble IL-1R type II in associa-
tion with IL-1Ra is highly efficacious
in blocking the IL-1-induced produc-
tion of collagenase and PGE2 on syn-
oviocytes, whereas soluble IL-1R type
I reve rses this beneficial synergi s t i c
effect of soluble IL-1R type II and IL-
1Ra by binding to IL-1Ra (3).

IV. Balance and imbalance between
IL-1 and IL-1Ra
The relative production of IL-1 to IL-
1Ra is important in biology and dis-
ease. It is likely that in patients with
RA the concentration of endoge n o u s
IL-1Ra is not sufficient to regulate the
effects caused by increased IL-1 lev-
els. It has also been shown that in pa-
tients with Lyme arthritis, the ratio of
IL-1 to IL-1Ra in synovial fluid is in-
dicative of the severity of disease. Pa-
tients with the shortest time to resolu-
tion of the attack had the lowest levels
of IL-1 and the highest levels of IL-
1Ra. In contrast, patients with the long-
est time to resolution of the attack had
the highest levels of IL-1 and the low-
est levels of IL-1Ra (21). This rat i o
also proved crucial to the regulation of
the temperature and the systemic mani-
festations in juvenile rheumatoid arth-
ritis. 
Monocyte-macrophages are by far the
principal source of IL-1 and IL-1Ra.
H oweve r, since neutrophils pro d u c e
large amounts of IL-1Ra (22) it is pos-
sible that at certain stages of a disease
( e. g. infe c t i o n , c rystal art h ro p at h i e s )
neutrophils actually have a protective
role in the prevention of bone and carti-
lage production. A small subgroup of
patients participating in a trial with IL-
1Ra (23) underwent a synovial biopsy
before and after treatment to determine
the effects of IL-1Ra on inflamed syn-
ovial tissue. There was a notable reduc-
tion in intimal layer macrophages and
subintimal layer macrophages and lym-
p h o cytes fo l l owing administration of
IL-1Ra 150 mg/day, which is an addi-
tional proof of pat h ogenetic effe c t s
being mediated by IL-1 (24).

V. Animal models as examples for
the role of IL-1 and IL-1Ra
The role of IL-1Ra in the potential pre-
vention and/or treatment of disease has
been determined in va rious animal
models of destructive arthritic diseases.
– I n c reased destruction of art i c u l a r

joints consecutive to the administra -
tion of IL-1: Intra-articular injections
of recombinant IL-1 in rodents in-
duced transient synovial inflamma-
tion as well as leucocyte infiltration
into the joint cavity and synovial lin-
ing. It also resulted in the depletion
of pro t e og lycans. TNF caused less
extensive damage in articular carti-
lage. The administration of soluble
IL-1 receptor markedly reduced car-
t i l age degra d ation and wh i t e - bl o o d
cell infi l t ration. The association of
both soluble IL-1 and TNF receptors
enhanced the inhibition of cartilage
deterioration, white blood cell i n fi l-
t ration and synovitis. Similar obser-
vations were made in models of mur-
ine arthritis and rat adjuvant arthritis.
In contrast, in models of streptococ-
cal cell wall (SCW) art h ritis the
blocking of TNF proved more effi-
cient than the blocking of IL-1 (7).

– IL-1Ra knockout animals: In colla-
gen-induced art h ritis (CIA), m i c e
with an aberrant expression of IL-1
receptor antagonist exhibited an ear-
lier onset with increased seve ri t y
(25). In mice of BALB/cA back-

ground, but not of C57 BL/6J back-
ground, the spontaneous, early devel-
opment of inflammatory arthritis was
observed (26), whereas other strains
of IL-1Ra-deficient mice pre s e n t e d
first signs of arteritis (27).

– IL-1Ra transgenic mice show a re -
duced incidence and severity of arth -
ritis in CIA models (25%).

– The genetic factor observed in ani -
mal models may be of similar impor -
tance in humans: IL-1Ra allelic poly-
morphism was observed when an as-
sociation exists between IL-1Ra al-
lele A2 and diseases characterized by
a decrease in IL-1Ra levels and an
increase in IL-1, as in the case of ul-
cerative colitis, alopecia a reata, pso-
riasis and susceptibility to seve re
sepsis. 

VI. Cell-cell contact and induction
of IL-1 and TNF
As already mentioned, the interaction
between T cells and monocyte-macro-
phages is believed to play an important
role in the production of IL-1 and TNF
in the rheumatoid joint. According to
our in vitro o b s e rvat i o n s , T cells in
direct contact with monocytes are part
of a paramount mechanism inducing
IL-1 and TNF production (28). Th e
subtypes of CD4+ T cells in RA syno-
vial tissue expressed CCR5 and CCR3
as ‘markers’ of Th1 and Th2, with the
caveat usually applied to such markers
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Fig. 3: Control of cytokine production by membranes of activated Th1 or Th2 clones.
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(29). Thus, Th1 cells were the predomi-
nant T cells found in the synov i u m ,
Th2 cells being much less detectable.
D i rect contact between human Th 1
clones and monocytes leads to the pro-
duction of large amounts of IL-1 and
TNF, whereas contact with Th2 clones
produces IL-1Ra and very little IL-1
and TNF (Fig. 3) (30). Consequently, at
the level of rheumatoid synovial tissue,
the production of pro-inflammatory cy-
tokines appears to overrule that of IL-
1Ra. 
The interactions between T cells and
macrophages leading to IL-1 and TNF
p roduction depend only slightly on
cell-associated IL-1 and TNF, but to a
marked extent on other molecules on
the surface of stimulated T cells, in-
cluding 2-integrins like CD11b and c
(31). Blocking of these cellular adhe-
sion molecules at the systemic level,
h oweve r, m ay be detrimental to the
normal immune response to infection.
CD69, an early activation antigen on T
cells, is also involved since antibodies
to CD69 inhibited IL-1 production by
40%. Howeve r, the association of
CD11b antibody and CD69 antibody
did not block more than ~50% of the
production of IL-1 or TNF (Fig. 4) (3,
31). In addition, CD11b and c engage-
ment in human monocytes strongly in-
duces IL-1 and chemokine production
(32, 33). Other ligands and counter-lig-
ands such as CD40-CD40L also play a

role when T cells and monocytes are
placed in co-culture, and their effect is
potentiated by the presence of IL-2 and
still more by that of IL-15 (34).
We found adult human serum - but not
fetal calf serum - and to a lesser extent
human cord blood serum to inhibit the
production of IL-1 and TNF result-
ing from interactions between stimulat-
ed T cells in contact with monocytes
(35). The factor found in high-density
l i p o p rotein (HDL) prep a rations fro m
human serum, that blocked contact-de-
pendent cytokine production, was iden-
tified after sequencing as apolipopro-
tein A-I (apo A-I), the main protein of
HDL. Apo A-I associated with HDL
binds to stimulated T cells, thus pre-
venting contact-mediated activation of
monocytes and subsequent IL-1 and
TNF production. It is well established
that IL-1, TNF and IL-6 stimulate the
p roduction of acute-phase re a c t a n t s
from hepatocytes, including C-reactive
protein, complement C3, and fibrino-
gen. Simu l t a n e o u s ly seve ral hep at o-
cyte-derived proteins – one of which,
apo A-I – also decrease during systemic
i n fl a m m ation. It could be speculat e d
that the decrease in apo A-I during the
i n fl a m m at o ry process may aggravat e
the clinical situation by allowing great-
er contact between T cells and mono-
cytes, ultimately resulting in higher le-
vels of IL-1 and TNF production. In
contrast, SAA-HDL present in chronic

disease has been shown to stimulate cy-
tokine production in monocytes.
In summary, the present consensus is
that IL-1 in synergism with TNF is the
p rincipal pro - i n fl a m m at o ry and ‘ p ro -
destructive’ cytokine in RA and proba-
bly in many other chronic inflammato-
ry diseases as well. In addition to the
complex balance between pro-inflam-
matory and anti-inflammatory cytoki-
nes, the imbalance between IL-1 and
IL-1Ra or IL-1sRII, or between TNF
and TNF-sRI or TNF-sRII may be an
important factor leading to chronic in-
flammation. Other examples of such an
imbalance are [Th 1 ] / [ Th2]; [MMP]/
[TIMP]; [RANK]/[OPG]; [HDL-Ap o
A-I]/[HDL-SAA]. However, this has to
be seen in the context of the whole net-
wo rk of pro- and anti-infl a m m at o ry
cytokines (Table II).
IL-1, TNF- and their inhibitory mo-
lecules, such as IL-1Ra and TNF-sR,
are naturally occurring molecules, dis-
covered by bioassays in vitro. Their use
as therapeutic biologics was based on
both rational concept and hy p o t h e s i s
when studying the pat h ogenesis of
human diseases. This fully justifies the
considerable effort made by numerous
investigators to bring to light new the-
rapeutic ap p ro a ches by studying the
mechanisms of disease. 
The role of IL-1 and TNF in the patho-
genesis of RA and other chronic in-
flammatory diseases that lead to tissue
destruction is well established at pre-
sent. However, despite the strong sy-
n e rgism between the two molecules,
some quantitative and qualitative diffe-

Fig. 4: Pathogenetic pathways in RA. 
DC = dendritic cell; APC = antigen-presenting cell; GM-CSF = granulocyte-macrophage colony-stim-
ulating factors; MMP = matrix metalloprotease; PGE2 = prostaglandin-E2; IFN- = interferon- ;
sTNF-R55 and 75 = soluble tumor necrosis factor-receptors 55 and 75.

Table II. Pro- and and anti-inflammatory
cytokines.

Proinflammatory Anti-inflammatory

IL-1 IL-1Ra; sTNF-R; 
sIL-1RII

TNF IL-4

IL-6 IL-6

IL-8 (chemokines) IL-10

IL-12 IL-20/22/23

IL-15/21 IL-11

IL-17 IL-13

IL-18 IL-18bp

Interferon- (IFN- ) Transforming growth 
factor- (TGF )
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rences may be important, and their res-
pective inhibitors may be linked to the
genetic back gro u n d, subtypes of pa-
tients, stage of disease, or organ-specif-
ic symptoms.
Taking into account the usual caveat,
TNF is overall more important at the
systemic level and IL-1 at the local lev-
el. The repair process tends to be coun-
teracted by IL-1 rather than TNF. Due
to a diffe rence in the mechanism of
post-receptor transduction, the biologi-
cal effect may not only differ from a
quantitative point of view, but also with
regard to side effects such as infection,
neoplasia and immune surveillance. In
this regard, a combination of the two
cytokine inhibitors (blocking IL-1 and
TNF) – implying the decrease in con-
centration of each inhibitor – may pos-
sibly reduce long-term side effects. A
major difference between the inhibition
of IL-1 and that of TNF at the mecha-
nistic level is that the inhibition of the
former occurs at the receptor level (IL-
1Ra) and that of the latter at the ligand
level, whether using antibody or a solu-
ble receptor. It would be of interest to
find out how IL-1 soluble receptor type
II compares to IL-1Ra. According to
data obtained in vitro, the association
of IL-1Ra and IL-1sRII yields a strong-
ly cumulative inhibitory signal.
At the present time, anti-cytokine the-
rapy offers new hope to individuals suf-
fering from RA and many other severe
inflammatory diseases. The prospect of
s p e c i fi c a l ly targeting and modulat i n g
the effects of key pro-inflammatory cy-
tokines or destructive mediators in a
complex pathogenetic network heralds
a new therapeutic era (36-38). The next
step will consist in going upstream in
the network, regulating the production
of IL-1 and TNF, while bearing in mind
that the use of TNF and IL-1 precludes
relapses.
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