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Abstract
Chronic arthritis is characterised by per-
sistent joint inflammation and concomi-
tant joint destruction. Using murine
arthritis models and neutralising antibod-
ies as well as cytokine specific knockout
conditions, it was found that tumour
necrosis factor á (TNFá) is important in
early joint swelling. Membrane bound
TNFá is suYcient to drive this aspect of
inflammation as well as the acute cellular
infiltrate in the synovial tissue. Interleukin
1 (IL1) is not necessarily a dominant
cytokine in early joint swelling, but has a
pivotal role in sustained cellular infiltra-
tion and erosive cartilage damage. TNFá
independent IL1 production is a promi-
nent feature in murine arthritis models.
These observations provide evidence for
potential uncoupling of joint inflamma-
tion and erosive changes, implying that
both cytokines need to be targeted to
achieve optimal treatment.
(Ann Rheum Dis 1999;58:(Suppl I) I40–I48)

Rheumatoid arthritis (RA) is characterised by
chronic inflammation of multiple joints and
marked destruction of cartilage and bone. The
pathogenesis is largely unknown, but RA is
generally considered as an autoimmune dis-
ease, with primary or secundary involvement of
T cells. However, particular (auto)antigens
have not been identified yet, thus hampering
specific immunomodulation as a straight for-
ward therapeutic approach. Apart from T cell
involvement, evidence is accumulating that the
inflammatory process in the synovial tissue is
dominated by activated monocytes and
fibroblasts.1 Cytokines and cytokine inhibitors
derived from these cell types can be abundantly
found and dominant cytokines do provide
another, approachable target in this disease. It
is now commonly accepted that tumour necro-
sis factor á (TNFá) and interleukin 1 (IL1) are
pivotal mediators in the RA process.2 3 More-
over, the arthritogenic potential of TNFá is
elegantly demonstrated by the occurrence of a
chronic, destructive joint inflammation in
transgenic mice, displaying overexpression of
human TNFá.4 Clinical trials revealed that
TNF neutralisation provides substantial relief
of RA symptoms, such as pain and number of
swollen joints. So far it is unclear whether anti-
TNFá treatment also reduces cartilage and
bone erosions. Although IL1 blocking with
IL1ra did not yield clear improvement of clini-
cal symptoms, data from the first clinical trial5

provided evidence of amelioration of joint ero-
sions, and this suggests that IL1 is a crucial
target as well.

Given the poor regenerative capacity of car-
tilage, it is unethical to take cartilage biopsy
specimens in early stages of human arthritis
and this seriously hampers proper evaluation of
eYcacy of anti-cytokine treatment in RA
patients on erosive processes. Markers of carti-
lage destruction have been developed, but
proper evaluation of progression of damage in
RA patients is still a moot point. At least a
number of consecutive measurements are
needed, markers often reflect both increased
breakdown as well as increased synthesis and
the amount of cartilage, which is still present in
the joint is another major determinant. Break-
down markers are not expected to be high
when the joint is already largely destroyed.
Detailed studies in animal models of arthritis
are therefore of crucial importance in further
understanding of mechanisms underlying car-
tilage destruction, and identification of feasable
ways of cartilage and bone protective therapy.
In the following sections emphasis will be given
to recent findings in cytokine interplay in
murine arthritis models, with particular atten-
tion to distinct roles of TNFá and IL1â. Apart
from the inflammatory process in the joint,
major attention is given to aspects of cartilage
and bone destruction.

Cartilage destructive cytokines
Articular cartilage is an acellular tissue, con-
sisting of chondrocytes embedded in a highly
structured matrix. Proteoglycans and collagen
type II are the major macromolecules in this
tissue, providing tensile strength and load
bearing capacity. Cartilage destruction in
chronic arthritis is characterised by two major
events: reduced synthesis of matrix compo-
nents by the articular chondrocytes as well as
increased breakdown of cartilage matrix, by
enzymes originating from cartilage itself and/or
the inflamed synovial compartments. Early
changes identified in experimental arthritis
models include proteoglycan loss, with con-
comitant denuding of the tight collagen mesh-
work. This event makes the matrix vulnerable
to advanced damage. A major step in erosive
tissue loss in articular cartilage is the destruc-
tion of collagen bundles. Apart from enzymes
released from synovial cells, increased break-
down of cartilage may result from cytokine
activation of chondrocytes.

When the presently identified cytokines are
considered, it is clear that both TNFá and IL1
can cause cartilage damage in vitro,6 but IL1 is
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much more potent, with proven eYcacy in
vivo.7 In principle, no diVerence in potency was
noted between the two isoforms of IL1: IL1á
and IL1â. It is believed that IL1á is a major
cytokine in early stages of inflammation,
whereas IL1â is the more dominant cytokine in
advanced inflammation. Although TNFá is far
less potent, it is noteworthy that TNF may dis-
play considerable synergism with IL1.8 More
recently, IL17 and Oncostatin M have been
identified as cartilage destructive cytokines.
IL17 is a T cell derived cytokine, which has
been demonstrated in RA synovial tissue.9

Oncostatin M is also produced in considerable
amounts by RA synovium. Relative potency,
IL1/TNFá dependent production and poten-
tial synergism with the IL1/TNFá system have
yet to be determined.

Apart from initial studies of local, intra-
articular injection of recombinant forms of
IL1,7 overexpression of IL1 has now been
achieved by local gene transfer in the rabbit
knee joint, demonstrating a full blown
arthritis.10 In addition, transgenic mice overex-
pressing IL1á also display full signs of a
destructive inflammatory arthritis.11 Both stud-
ies emphasise that IL1 alone can elicit the
major manifestations of arthritis. Intriguingly,
it was shown by elegant studies in TNF trans-
genic mice that TNFá overexpression leads to
chronic arthritis,4 yet treatment with antibodies
to the IL1 receptor fully abolished the arthritic
process.12 Remarkably, TNF levels were still
high in these animals, excluding a direct
destructive eVect of TNFá alone, in vivo, and
further substantiating a dominant role of IL1.

Murine models of arthritis
Although the above data illustrate the potency
of cytokines in single mediator systems, their
actual role remains to be identified in accepted
arthritis models, using the approach of neutral-
ising antibodies, soluble receptors or cytokine
specific knockout mice.

In line with current thinking of the RA proc-
ess, the models should reflect conditions of
TNFá dependent joint inflammation. This
may be driven by T cells stimulation or by
direct activation of macrophages with environ-
mental stimuli such as bacteria or viruses.
Alternatively, chronic joint inflammation could
be the end result of impaired regulation of
TNFá production.13 As RA is a disease that
occurs at older age, a genetic disturbance of
TNFá production as the sole underlying
mechanism is unlikely, and excessive exposure
to environmental stimuli, and/or loss of proper
regulation of tolerance seems more obvious.

In this paper studies will be described in two
types of models. Firstly, allergic joint inflam-
mation, directed against protein (auto)antigens
in the joint and driven by T cells and immune
complexes; secondly, macrophage driven dis-
ease, caused by local activation in the joint with
phlogistic stimuli such as persistent bacterial
cell wall fragments.

The model most widely studied in arthritis
research is the autoimmune collagen induced
arthritis (CIA), which is based on immunisa-
tion with foreign collagen type II in genetically

susceptible mice, mainly DBA/1j or B10RIII
mice. It examplifies an autoimmune process
against an autoantigen in the articular carti-
lage. The arthritis expression is dependent on a
mixture of anti-collagen type II antibodies and
anti-CII Th1 cells, with dominant involvement
of Th1 lymphocytes.14 15 The polyarthritis
starts around four weeks after the first
immunisation against collagen type II, usually
in a limited number of joints, with gradual
spreading to multiple joints. The expression
can be facilitated by systemic injection of
TNF/IL1 or indirect generation of such
mediators by induction of non-specific inflam-
matory events around the time of expected
onset.16 The controlling role of endogenous
IL10 and the clear arthritis promoting role of
IL1217 argues that bacterial infections may
facilitate expression of smouldering autoim-
mune joint inflammation.

Role of TNFá and IL1â in collagen
arthritis
Kinetic analysis showed abundant expression
of TNFá and IL1â in the synovial tissue of
aVected joints, for a number of days after onset
of arthritis.18 When anti-TNFá antibodies or
soluble receptors are given before or shortly
after onset of first signs of arthritis, marked
amelioration of joint inflammation was demon-
strated by various groups.19 20 The scoring of
inflammation was done by analysis of outer
signs of inflammation in the paws. The TNFá
dependence of the arthritis expression is
encouraging, reflecting similarity with cytokine
dependence of this parameter in RA patients.
We have compared the eYcacy of TNFá and
IL1 blocking in this model, including a kinetic
study starting anti-cytokine treatment at vari-
ous days after onset of arthritis. It confirmed
that TNF blocking is eVective in early stages.
However, less eYcacy is noted in established
disease (fig 1). In contrast, the suppressive
eVect of IL1 elimination was more pronounced
and also prominent in established arthritis.21 22

RT-PCR analysis of synovial tissue made it
clear that IL1 expression was greatly increased
in the synovial tissue and articular cartilage,
and was at least as high as compared with
TNFá expression. IL1â appeared more impor-
tant as compared with IL1á, as selective block-
ing with antibodies to IL1â was almost as
eVective as blocking with anti-IL1á + anti-
IL1â. Moreover, marked suppression of arthri-
tis was demonstrated in IL1â-converting en-
zyme (ICE) deficient mice, lacking the enzyme
involved in IL1â processing, and pronounced
suppression of collagen arthritis can be
achieved with ICE inhibitors.23

The role of IL1 was further substantiated
with IL1ra (receptor antagonist) treatment.
This antagonist is known for its poor pharma-
cokinetics and appeared highly eVective in
experimental models, only when applied with
osmotic minipumps.21 22 IL1 signalling occurs
already with 2% receptor occupancy and
sustained, high levels of inhibitor are manda-
tory to block IL1 receptor binding. In our
hands attempts to block collagen arthritis with
repeated injections of high doses of IL1ra were
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unsuccessful. This may imply that proper
treatment of RA patients with this inhibitor is a
diYcult job. Recent studies further evaluated
dosing regimens in experimental arthritis
models and attempted a comparison with
clinical trial data.24

Of great interest, sustained treatment of col-
lagen arthritis with IL1ra not only abolished
the inflammation, but also fully normalised the
suppressed chondrocyte synthetic activity.21

Recently we confirmed the eYcacy of IL1ra in
this model using local IL1ra gene transfer with
a retroviral system and murine fibroblasts as a
carrier.25 Finally, IL1â deficient mice, back-
crossed to B10RIII mice (genetic background
showing susceptibility to collagen arthritis)
appeared to be resistent to induction of
collagen arthritis (unpublished observations).

Further identification of cytokine depend-
ency of collagen arthritis, using TNFá defi-
cient mice, is tempting. However, such an
approach with immune driven models in
TNFá deficient mice is hampered by the fact
that these mice show major abnormalities in
lymphoid tissue organisation and may display

disturbed generation of immune responses.26 27

An elegant alternative has been provided by the
recent studies in TNF-receptor1 deficient
mice, crossed to DBA/1. These mice show nor-
mal lymph node architecture. Upon immunisa-
tion with CII these mice developed CIA with a
lower incidence and in a milder form. How-
ever, once a joint was aZicted the arthritis pro-
gressed in that joint to the same end stage as
observed in the wild type mice.28 This again
argues that TNFá is important at onset, but
that progression is TNFá independent. Along
the same line, it may suggest that anti-TNF
treatment in RA patients may be beneficial,
when chronicity of the disease is in fact based
on repeated, acute episodes, with each flare
displaying TNF dependency.

VARIABILITY IN FINDINGS IN COLLAGEN

ARTHRITIS

Variation in claimed eYcacy of anti-TNFá
treatment in chronic stages of this model is
noted in various laboratories. Obvious reasons
for this might include variable susceptibility to
and expression of this autoimmune disease in
DBA/1j mouse strains in diVerent animal
facilities, as well as variation in stringency of
immunisation protocols to break natural toler-
ance to collagen type II, all of this potentially
linked to variation in the degree of T cell and
immune complex involvement. TNFá is im-
portant in T cell activation, but immune com-
plex arthritis appeared strongly IL1
dependent.29 Immune complexes are a crucial
element in the facilitation of expression of col-
lagen arthritis. IL1 driven cartilage damage
with subsequent expression of suYcient colla-
gen type II epitopes may be further elements to
skew the arthritis to an IL1 dependent pheno-
type. In addition to that, when the model is
accelerated by non-specific stimuli such as
supplementation of cytokines (TNFá, IL1) or
boosting with LPS, synchronised arthritis
expression is seen in multiple joints and this
will create advanced disease in almost all joints
within a week after onset. When spontaneous,
non-accelerated expression is analysed, it is
obvious that such a protocol will allow
initiation of arthritis in some joints, with slow
spreading to other joints over a period of weeks.
In fact, every new onset in a naive joint is highly
TNFá dependent and cumulative scoring will
then show apparent TNFá dependency of the
overall arthritis score in “advanced” stages,
even at various weeks after onset of the first
signs in other joints.

CARTILAGE DESTRUCTION IN COLLAGEN

ARTHRITIS WITH ANTI-TNFá?

When histological samples are taken from
joints after treatment with either anti-TNFá or
anti-IL1, in our hands anti-TNFá is only pro-
viding protection against cartilage destruction,
when treatment is started right at the onset. In
fact, it is only protective when expression and
independent progression of the destructive
autoimmune process can be prevented. If
treatment with anti-TNFá is started shortly
after onset, swelling reduction is still seen but
histological examination shows that the reduc-

Figure 1 Treatment of collagen arthritis with TNF binding protein or anti-IL1á+â
antibodies, starting at various days after onset of arthritis (arrows). Note the loss of eVect in
established disease with TNFbp and the continued eVect of anti-IL1 (see also references 22
and 30).
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tion of cell influx in the synovium is marginal
and cartilage damage is unaVected.22 30

Apart from proper histological evaluation,
we recently screened levels of COMP (cartilage
oligomeric matrix protein) in the circulation of
mice with CIA, after treatment with either
anti-TNFá or anti-IL1. COMP is a marker of
increased turnover of articular cartilage and
levels are markedly increased in CIA (fig 2).
When anti-TNFá treatment was started after
onset of arthritis, we did not observe a
reduction in raised COMP levels, and this cor-
related with lack of protection against cartilage
damage on histological sections. In clear
contrast, anti-IL1 treatment normalised
COMP levels to values found in non-arthritic
mice. This underlines great diVerences in
impact of TNFá and IL1 neutralisation on
cartilage destruction in this model.30 Remark-
ably, similar findings have been obtained in
experimental encephalomyelitis. TNF acceler-

ates onset but does not change incidence and
severity of the damaging process.31

TNFá/IL1 involvement in streptococcal
cell wall (SCW) arthritis
The above data in collagen arthritis suggest
that not all IL1 is driven by TNF, as IL1 block-
ing was more eYcacious as compared with
TNF blocking, in particular in late stage CIA.
This would suggest that anti-TNFá treatment
is not suYcient in RA and that combination
therapy with anti-IL1 should be mandatory.
However, it can still be argued that TNF
blocking was not optimal, or that advanced
stages of the collagen arthritis model do not
reflect the human disease. The first argument is
unlikely because studies were performed with
high doses of neutralising antibodies as well as
soluble TNF binding proteins; the second
argument, that RA is a disease process with
triggering elements diVerent from CIA, can of
course never be excluded.

To get a better impression of general validity
of the need of separate TNFá and IL1
blocking, we focused our further studies on the
TNF/IL1 involvement in the model of SCW
induced arthritis. Bacterial cell walls are potent
inducers of TNFá and in that sense the
cytokine pattern in SCW arthritis, after intra-
articular injection of cell wall fragments in the
murine knee joint, comes close to the clinical
situation in RA patients. As diVerences be-
tween in vivo potency of neutralising antibod-
ies or scavenging receptors against TNFá and
IL1 can never be fully excluded, we performed
additional studies in TNFá and IL1â knockout
mice.

In SCW arthritis pronounced uncoupling
between mediator involvement in joint swell-
ing, synovial infiltrate and cartilage damage is
seen. When TNFá is blocked, using either
anti-TNF antibodies or TNF binding protein
(engeneered soluble receptor from Amgen),
marked dose dependent reduction in joint
swelling is found, again underlining the crucial
role of TNFá in this parameter (fig 3). In
marked contrast, inhibition of chondrocyte
proteoglycan synthesis in the articular carti-
lage, which is a key event in the articular carti-
lage in every type of joint inflammation and
clearly an IL1 dependent phenomenon,32

remained unchanged. Of note, twice daily sys-
temic injections with IL10 mimicked the anti-
TNFá eVect, in that it reduced joint swelling
but did not normalise the synthesis inhibition
in the articular cartilage. This is compatible
with the findings that IL10 is a powerful TNFá
inhibitor, but has marginal eVects on IL1 pro-
duction, in vivo.33

In sharp contrast, IL1 blocking with neutral-
ising antibodies or IL1ra did not reduce joint
swelling, but fully normalised chondrocyte
synthetic function.34 Intriguingly, and compat-
ible with ongoing impact on cartilage, TNFá
blocking in vivo did not significantly reduce
IL1 levels in the arthritic synovial tissue.34 His-
tological examination at day 7 made it clear
that anti-TNFá treatment did not protect
against proteoglycan loss from the articular
cartilage, whereas this protection was impres-

Figure 2 COMP levels in the serum at day 38 of collagen arthritis. After treatment with
TNFbp no reduction is seen, whereas reduction to normal levels (line) is observed after
anti-IL1á+â treatment.
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sive after IL1 blocking. The obvious experi-
ment, combined blocking with anti-TNFá and
anti-IL1, did provide the best overall protec-
tion in that now both the initial swelling as well
as the cartilage damage at day 7 were optimally
controlled. However, the protection against
cartilage damage was not improved as com-
pared with that achieved with anti-IL1 alone,34

again underlining that TNFá and IL1 have
separate activities.

SCW ARTHRITIS IN TNFá AND IL1â KNOCKOUT
MICE
To substantiate uncoupling of mediator in-
volvement in swelling and cartilage metabo-
lism, and to exclude that the observed TNFá
independence of IL1 production and action
were not attributable to inadequate TNFá
blocking, the impact of SCW arthritis was
studied in TNFá and IL1â knockout mice. As
SCW arthritis is not an immune driven model,
the immunological impairment of the TNFá
knockout mice does not limit the analysis of
this model. The IL1â knockout mouse is not
impaired and shows a normal phenotype, with
good delayed hypersensitivity responses to
protein antigens as well as normal LPS induced
inflammation with expected levels of circulat-
ing IL1, IL6 and TNF.36 When SCW arthritis
is induced in TNFá knockouts, joint swelling is
fully reduced (fig 4), late synovial infiltrate (day
7) is markedly reduced, but cartilage proteogly-
can loss was hardly diminished (fig 5). In fact,
the observations are in line with data obtained
with TNFá blocking, and underline that carti-
lage damage can occur in the presence of lim-
ited amounts of cellular infiltration.36 In sharp
contrast, joint swelling was not reduced in IL1â
knockout mice (fig 4), yet late infiltrate was
dimished and cartilage damage was highly
reduced (fig 6).

Of great interest, additional studies were
done in TNF knockout mice, knocked in with
membrane bound form of TNF (mTNFá) and
kindly provided to us by George Kollias. It was
shown that swelling was fully restored (fig 4).
Recently it was demonstrated that arthritis
could be induced by transgenic overexpression
of transmembrane TNFá37 elegantly showing
that soluble TNFá is not needed to get full
expression of arthritis. The present study iden-
tifies that also during a normal triggering proc-
ess with SCW, mTNFá is capable of initiating
full blown joint swelling. In addition it was
found that not only joint swelling was fully
restored but also that cellular infiltration was
normalised. Preliminary studies with selective
TNF receptor knockouts suggest that the effect
on joint swelling runs through the P75 TNF
receptor.

TNFá INDEPENDENT PRODUCTION OF IL1â
A crucial element in the uncoupling of TNFá
and IL1â driven events is the independent pro-
duction of IL1â. To substantiate this we
isolated synovial tissue specimens at three and
six hours after SCW induction in TNFá
deficient mice and measured IL1 levels in the
tissue washouts. In controls, IL1â production
was already high at three hours and further
increased with 30% at six hours. In TNFá-/-
mice there was a slight reduction in IL1â levels
(20%) at three hours, suggesting that some of
the initial IL1â production occurs in a TNFá
dependent fashion. However, at six hours no
significant diVerence is seen anymore and full
amounts of IL1â (2 ng per knee joint
specimen) are produced in control and TNFá

Figure 4 Joint swelling at days 1 and 2 after induction of SCW arthritis in knockouts
and their respective controls (NN for IL1â -/-, WT for TNFá -/-). Note the TNFá
dependency of joint swelling. Similar studies in mTNFki, reflecting knockin of mTNFá in
TNF-/- mice, reveal that mTNFá is suYcient to drive swelling.
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-/- mice, apparently through a TNFá inde-
pendent pathway.36 These findings are fully
compatible with the progression of cartilage
proteoglycan loss in TNFá-/- mice.

Chronic relapsing SCW arthritis
The limited role of TNFá described so far in
tissue pathology in SCW arthritis relates to
subacute arthritis. To bring the model more
close to the clinical situation, we next evaluated
the cytokine interplay in a model of chronic
relapsing arthritis. In earlier studies in the
mouse it was shown that a chronic, antigen
induced arthritis can be flared with tiny
amounts of antigen, when the joint displays
local hyperreactivity by retained antigen spe-
cific T cells in the chronic infiltrate.38 Anti-IL1
treatment appeared eVective in such T cell
driven flares and caused marked reduction of
cartilage damage.39 Apart from antigen specific
rechallenge, such a joint is also highly sensitive
to flares induced by cytokines, such as TNF
and IL1. In fact, it suggests that any non-
specific inflammatory insult, with concomitant
release of proinflammatory cytokines, may flare

a chronic arthritis, through reactivation of the
retained macrophages.40 It underlines that an
arthritis may start with an antigen specific
(auto)immune event, but can be sustained by
rather non-specific triggering processes.

Also in the model of murine SCW arthritis,
flares can be induced at sites of smouldering
arthritis by rechallenge with small amounts of
SCW. An example of repeated flaring, with
weekly rechallenge intervals is depicted in
figure 7. It shows that acute joint swelling is
noted after every rechallenge, but it also
demonstrates that the remaining, smouldering
arthritis is brought to a higher level and is get-
ting more and more severe. Intriguingly, each
flare remained TNFá sensitive in terms of joint
swelling, as identified by consistent suppres-
sion when TNF soluble receptors are given
shortly before the flares. However, the chronic
cellular infiltrate remains and advanced carti-
lage damage is not significantly reduced. In
contrast, major protection against ongoing car-
tilage damage is achieved with anti-IL1â
antibodies. Increasing eVect was also seen on
the swelling, probably linked to the sustained
eVect on the chronic infiltrate (see below). Of
interest, Makarov et al showed in a similar
model in rats that arthritis could be attenuated
when primary synoviocytes were transduced in
culture with retroviral IL1ra and then en-
grafted in the ankle joints before reactivation of
arthritis at that site.41

We performed repeated flare studies also in
the cytokine knockout mice. Joint swelling was
still significantly reduced after the fourth SCW
challenge in TNFá deficient mice. When the
model was evaluated in IL1â deficient mice,
impressive reduction of cartilage damage was
seen. In fact, hardly any erosion was noted,
whereas this was abundant in the control and
the TNFá knockout mice (fig 8, fig 9). Of great
interest, also the chronic synovial infiltrate was
profoundly reduced in the IL1â deficient mice.
It does suggest that the repeated flare reactions
make the cellular process in the synovial tissue
more and more an IL1â dependent phenom-
enon, and this suppression will contribute to
reduction of subsequent flares. A contributing
factor in this suppression might be that
chronicity of inflammation by repeated SCW
rechallenge is in part sustained by cartilage
molecules released from the damaged tissue
and that this contributing factor is high in nor-
mal and TNFá deficient mice, but is almost
lacking in IL1â deficient mice, because of early
arrest of the damaging process. Further analy-
sis of the cellular process is at present under
study, to identify the relative role of macro-
phage and T cell driven elements in the propa-
gation and tissue destruction. This includes the
evaluation of the potential role of T cell and
macrophage associated cytokines IL12, IL15
and IL17 in the chronic stage.

Earlier work in TNF-/- and IL1â-/- mice
have identified diVerential eVects, dependent
on the type and stage of process studied.
Cytokine production induced by LPS ap-
peared essentially intact in TNFá-/- mice.
However, these mice show little or no initial
eVect on injection of heat killed corynebacte-

Figure 6 Proteoglycan depletion as measured on histological sections (see fig 5) stained
with Safranin O at days 4 and 7 after induction of SCW arthritis. Scoring is
semiquantitative on a scale of 0–3. Note the significant reduction of depletion (* p < 0.01)
only in IL1â-/- mice.
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rium parvum, but then develop a vigorous dis-
organised inflammatory response, suggesting
that TNF has an essential homeostatic role in
limiting inflammation.42 This fits with our
observations with SCW fragments in TNF-/-
mice, in that we tend to lose TNF dependency
on repeated flaring. In fact, the continued
absence of TNFá might limit the homeostatic
role of TNFá in apoptosis, indirectly causing
exaggeration of cellular infiltration driven by
other mediators. It would argue that care must
be taken with complete blockage of TNFá in
the clinical situation. On the other hand, IL1
seems not to be required for normal develop-
ment and homeostasis, and reduced inflamma-
tory responses are seen in IL1â-/- mice, type I
receptor deficient mice and ICE deficient
mice.43 44 Remarkably, IL1â seems to control
apoptosis of inflammatory neutrophils45 and
this action might contribute to the marked
reduction of late cellular infiltrate in the joint,
as observed in our studies.

Concluding remarks
The above studies suggest potential uncou-
pling of joint swelling and ongoing cartilage
destruction, being separate activities of TNFá

and IL1. Although it cannot be excluded at
present that the triggering process in human
synovial tissue is diVerent, the claim of TNFá
being the driving force of IL1 production, and
therefore being the key target in RA, must be
viewed with care. Given the pivotal role of IL1
in amplifying late synovial infiltrate and
cartilage destruction, omission of proper IL1
blocking might have considerable conse-
quences for joint damage. Studies in other
models, such as antigen induced arthritis, also
identify that IL1 is not necessarily a crucial
factor in early inflammation and initial prote-
oglycan loss, but is a pivotal factor in erosive
cartilage destruction.46–48 Of interest, IL1â is a
powerful stimulant to drive cell-cell interaction
in the synovial tissue and to stimulate produc-
tion of destructive enzymes. Membrane bound
cytokines play a crucial part in this process.49

The above studies imply that IL1 always is
the major destructive cytokine, but can be an
important factor in the synovial inflammation
in chronic stages of the process as well. This
argues that IL1 would be a pivotal therapeutic
target anyway. So far, this broad profile, with a
role in inflammation as well, is not supported
by observations of IL1 directed treatment in

Figure 8 Experiments described under figure 7 were performed in the various cytokine-/- mice in the repeated flare
protocol (days 7,14,21). Note that arthritis is roughly similar at day 21. The fourth injection of SCW fragments at day 21
caused a major flare, showing still some TNFá dependency, but also note IL1â dependency at that stage (* p< 0.01,
compared with relative control strains).
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RA patients; suggestive proof is only obtained
for a role in erosions.5 Whether this argues that
inflammatory elements of the RA process are
diVerent from aspects of the various models
remains to be identified. Current clinical stud-
ies are hampered by the lack of high quality IL1
neutralising antibodies and the poor pharma-
cokinetics of IL1ra and overlooking of IL1
dependent processes by inadequate blocking
cannot be excluded at present.

The alternative approach of direct IL1 neu-
tralisation would be to block an upstream
mediator, which is generating IL1 production.
This is what is attempted with the anti-TNFá
directed treatment in RA patients. The basis
for this approach is the claim that in human
RA, TNFá is the driving force of IL1 in the
synovial tissue.50 These are old observations
with neutralising anti-TNF antibodies and
cytokine production in pieces of RA synovial
tissue in vitro, and additional support from
similar findings in follow up studies of other
groups is unfortunately lacking so far.

Samples from early stages of RA are now
becoming available through arthroscopic bi-
opsy specimens and blind small needle biopsy
specimens. TNF and IL1 are not always found
and mRNA expression of these cytokines does
occur uncoupled.51 Immunostainings also
identify variabe patterns in diVerent RA
patients.52 It is the impression from our own
biopsy specimens that large variation exists in
TNFá and IL1 immunolocalisation patterns in
such samples from various RA patients.
Moreover, our preliminary observations in
biopsy specimens from RA patients, treated
with fully humanised anti-TNFá antibodies,
could not identify significant IL1 reduction in
synovial cells. On the other hand, it is clear that
the systemic anti-TNFá treatment does reduce
IL1 mRNA in leucocytes in the circulation in
most patients and provides impressive, sympto-
matic relief. Further studies are awaited to
clarify the identity of the synovial reaction and
the individual cytokine interplay in various RA
patients. It is expected that we are dealing with
a heterogeneous process, asking for tailor made
treatment. For the time being, a double hit
approach, touching both TNFá and IL1â
seems warranted.
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