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FIGURE 2. Serum IL-6 levels after blockade of either TNFer IL-1. 10
IL-6 levels were determined at day 36 after treatment with either STNFbp B
or anti-IL-1 by using B9-cell bioassay. For treatment protocol see Fig. 1.
Data are expressed as mearg§D of at least seven mice per groupp <
0.01, Mann-WhitneyU test, compared with arthritic vehicle-treated
animals.
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Abs was sufficient to reduce clinical signs. The antiinflammatory
effect of both sSTNFbp and anti-ILed+ 8 was further demonstrated

COMP levels (ug/ml)
o

by the reduced serum IL-6 levels determined at the end of treat- 417
ment (Fig. 2.). IL-6 can be viewed as an acute phase protein as
described previously (21). The strong reduction of serum IL-6 in- )

dicated that TNFe was sufficiently neutralized by sTNFbp )
treatment. Control (BSA) sTNFbp Control (Ig) Anti-IL-1

. . . . FIGURE 3. IL-1 neutralization reduced serum COMP levels. Serum
COMP, a circulating marker of cartilage turnover is decreased comp were determined in sera of arthritic mice expressing different dis-

by anti-IL-1 treatment ease activity at day 36 after immunizatioA)( Strong correlation was

To obtain further insight into the protection against cartilage de-found between disease activity and circulating COMP levets,0.94.B,

struction, we determined serum COMP levels in the Variousserum COMP_IeveIs, determlne(_j at day. 36 after tre_atment with either
roups. COMP is released from cartilage as a result of increased] T OP Of anti-IL-t+ 5. For details see Fig. 1 andaterials and Meth-
groups. ods. Dotted line indicates serum COMP level in normal DBA-1 mice (4.2

turnover in human and experimental arthritis (17, 18, 22). Fig. 3 0.6). % p < 0.001, Mann-WhitneyJ test, compared with control.
shows a strong correlation in disease with no intervention between

clinical arthritis score and serum COMP levels< 0.94). This is

in line with previous findings in collagen-induced and pristane-__ . - . . .
. e ) novium and joint cavity, but had only marginal effect on cartilage
induced arthritis in rats (18, 23). Although treatment with STNFbpdamage, matrix proteoglycan depletion, and bone erosions. This is &

suppressed clinical disease activity of the CIA, no reduction Wa$ rther illustrated in Fig. 6. Almost complete prevention of
found in serum COMP levels, indicating little effect on the process

in the cartilage (Fig. B). In contrast, strong reduction of serum
COMP levels was seen in the anti-lleed B-treated animals (6.5
+ 0.9 ug/ml vs 3.4+ 0.5 pg/ml).
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Prevention of bone erosions by anti-IL-1 but not by sTNFbp
treatment

Radiological analysis, as an indicator of bone erosions of knee and
ankle joints, revealed that elimination of TNFin established CIA

did not retard the radiological progression of bone destruction (Fig.
4). The lack of an effect on bone destruction was further illustrated
in Fig. 4, which shows erosive processes in knee joints on femur
and tibia. In contrast, anti-IL<d+ g8 treatment abolished bone ero-
sions, as demonstrated in Fig. 4. Fig. 5 further emphasizes the
protective effect of the anti IL-1 treatment.

Effect of neutralization of TN or IL-1 on joint pathology as
demonstrated by histological examination FIGURE 4. Effect of either anti-TNFe or anti-IL-1a+ g treatment on joint

i . i destruction. Joints were x-rayed on day 36 after induction of CIA. Destruction
To confirm that IL-1 has a key role in cartilage and bone destruc,g graded from x-ray photography by scoring bone erosions on a scale from
tion in joint disease, we graded pathology on sections of whole (no alterations) to 5 (completely destroyed joints). For treatment protocol see
knee joints. Table | shows that sSTNFbp treatment reduced the inmaterials and MethodData represent the meanSD x-ray score of at least
flammatory process, determined as the number of cells in the sy20 joints.*, p < 0.001, Mann WhitneyJ test compared with control.
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FIGURE 5. IL-1 blockade prevents bone erosions. X-ray photographs taken at day 36 after treatment with either STNFbp oreanfl-IA; Knee joint

of control, rabbit Ig-treated group. Marked zones of bone erosions were found in the femur condyles and in the patellaBa@@as)protection against
joint destruction after blocking IL-¢+ 3 during established CIAC, No improvement of radiological joint destruction after STNFbp treatment, compared
with control. No differences in bone erosions were noted between the two control groups.

cartilage and bone damage was achieved by antidt=@ treat-  appeared only marginally effective, implying that TN#Hs crucial
ment during established CIA (Table I, Fig. 6). in onset but less important in propagation of arthritis (10). In con-
trast, neutralization of IL-&+ 3 in early and established stages of
CIA markedly suppressed disease activity (10, 14). It has been
VDIPEN neoepitope is a marker of metalloproteinase (MMP)-me-shown that IL-B is the pivotal cytokine in collagen type Il arthri-
diated cleavage of aggrecan, the major proteoglycan of articulatis regarding disease expression by using anti8.Abs in DBA-1
cartilage. Previous studies have revealed that VDIPEN neoepitopmice, by studies of CIA in IL-B-deficient mice, and by adminis-
was more abundant at sites and stages of advanced damage (1®ation of IL-18-converting enzyme inhibitors (10, 14, 25, 26).
To further demonstrate the protective effects on cartilage by antiFurthermore, it was showed that local inflammation was impaired
IL-1a+ g treatment, sections were stained for this neoepitope. Asn IL-1-converting enzyme-deficient mice (27). In the present
a typical example, VDIPEN was highly expressed throughout thestudy, we investigated whether blocking of TNFer IL-1 during
cartilage layers of the patella and femur in sections of vehicleestablished CIA would, in addition to suppressing inflammatory &
treated animals (Fig.A). Elimination of TNFe for 8 days, initi-  disease activity, prevent tissue destruction. As demonstrated pre-S
ated shortly after onset of CIA, did not reduce VDIPEN neoepitopeyiously, anti-TNFe treatment ameliorated CIA when started after
expression in cartilage, as can be seen in Fi§. [n contrast, onset of disease. Despite the fact that suppression of clinical ap-g
g

Blocking of IL-1 prevents VDIPEN neoepitope expression
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VDIPEN expression was almost absent in cartilage of ami'pearance of CIA and reduced serum IL-6 levels were found by

IL-1a+ B-treated animals (Fig.Q). early anti-TNF treatment, serum COMP levels, cartilage damage, )
. . and bone destruction were not affected, showing that joint destruc- ﬁ
Discussion tion is progressing. COMP is a major component of articular car- Q

The onset of clinical symptoms and inflammation in collagen typetilage, and serum levels are considered as a marker of generalized™
Il arthritis is TNF-« dependent, which is in line with a role of this cartilage turnover (17, 22). In joint disease, the contribution from
cytokine also in human RA (24). Studies with neutralizing anti- other tissues, e.g. synovia, which has been shown to be capable of
TNF-a Abs or soluble TNF receptors have revealed a major supCOMP production (28, 29), appears insignificant (T. Saxne and D.
pressive effect of the clinical disease activity, when treatment wagleinegard, unpublished observations). Thus, we have found that
started directly after onset of CIA (8, 9). Recently, we showed thatserum COMP levels were increased after the occurrence of carti-
when arthritis is fully expressed, subsequent blocking of TiNF- lage destruction in CIA in both rats and mice, while, in early stages

Table I. Effect of STNFbp or anti-IL-1 treatment on cartilage pathology

Infiltration of Cartilage Proteoglycan Bone
Treatment Cells Damage Depletion Erosions
Control (BSA) 1.5+ 0.7 1.8+ 0.6 2.3+%0.9 2.2+0.7
STNFbp 0.7+ 0.6 1.5+ 0.7 2.0£0.8 1.8+ 0.5
Control (lg) 1.8+ 0.6 1.6=0.5 21+ 0.5 25+0.9
Anti-IL-1a + B 0.4+ 0.3* 0.4+ 0.3* 0.5+ 0.4* 0.6+ 0.3*

2 Joint pathology was examined after treatment either with 3 mg/kg sTNFbp every other day or with one single injection of
rabbit anti-IL-lo + B (1 mg each). Histology was performed on whole knee joints as describbthtierials and Methods.
Scoring was performed by two independent observers on decoded sliges. 0.001, Mann-WhitneyJ test, compared with
controls.
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FIGURE 6. Histopathology at day 36 of knee joints after treatment with either sTNFbp or ani#gl A, Severe inflammation and cartilage
destruction (arrows) in control, BSA-treated anin.Complete loss of matrix proteoglycans, indicated by destained cartilage layers, in control group.

C andD, Knee joint of an animal treated with sSTNFbp. Although reduced infiltrate, no ameliorated cartilage pathology when compared witk emwtrol.

F, Almost homogeneous safranin O staining indicated a cartilage-protective therapy by anti-IL-1 treatment. Furthermore, markedly reduced inflammation
by the latter treatment. No difference was seen between the two control glupsandE, Hematoxilin and eosin stainindg, D, andF, Safranin O

staining. P= patella, F= femur, C= cartilage, JS= joint space. Original magnification 100.
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of CIA with marked inflammation, no elevation of serum COMP roborating the strong suppression of CIA and a cartilage protective
was found (T. Saxne and L. A. B. Joosten, unpublished observaeffect by anti-IL-Ix+ B treatment, no elevated serum COMP levels
tions; E. Larsson and T. Saxne, unpublished observations). Cowere found in anti-IL-1-treated animals. This was further
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epitope VDIPEN. Fully affected cartilage in control rabbit 14)(and
sTNFbp (B) treated animals. Note the marginal expression of VDIPEN in
cartilage of anti-IL-v+ 3-exposed miceC, VDIPEN expression was de-
termined at day 36. No difference was found in VDIPEN expression be-
tween the two control groups, BSA and rabbit Ig=Rpatella, F= femur.

Original magnificationx100.

treated with anti-IL-k+B had almost no VDIPEN neoepitope.
This neoepitope is formed by proteolytic cleavage of aggrecan by
metalloproteinases. The fragment remains attached to hyaluronan
in the cartilage, as an indicator of the proteolytic activity (30). In
the model of Ag-induced arthritis, we noted that VDIPEN expres-
sion depended primarily on effects of IL-1, and the location cor-
related with severe cartilage damage (19). More recently, it was

demonstrated that VDIPEN expression

reflects stromelysin

(MMP-3) activity, since expression was absent in stromelysin-de-

ficient mice (31).

Histological analysis of knee and ankle joints revealed that elim-
ination of IL-1a+ B, starting after onset of disease, reduced joint
inflammation, cartilage damage, loss of matrix proteoglycan and
bone erosions. The primary effect of treatment by sSTNFbp injec-
tions was a decreased influx of inflammatory cells. Previous stud-
ies with anti-TNFe Abs or sTNF receptor protein in CIA reported
significant reduction of clinical disease activity, but hardly any
measurable effect on cartilage or bone destruction (8, 9, 10). Al-

though anti-TNFe treatment was started directly after onset of
disease, 75% of the animals developed moderate or severe carti

lage erosions (8).

IL-1 appears to be an efficient mediator, since, in the zymosan-
induced experimental arthritis, it is clearly demonstrated that IL-1
is responsible for the inhibition of chondrocyte proteoglycan syn-
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thesis. This suppressive effect appeared mediated by NO, sincez

NOS2 gene knockout mice, while having inflammation, showed no 5
inhibition of chondrocyte metabolism (32). Furthermore, it has
been demonstrated that blocking of IL-1 activity prevented carti-
lage proteoglycan depletion in murine Ag-induced arthritis, indi-
cating protection against cartilage damage (15). Interestingly, in
this latter experimental arthritis, anti-IL-1 treatment did not ablate

joint inflammation.
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The first clinical trials with IL-1Ra in human RA demonstrated <
that IL-1Ra has a beneficial effect on the rate of progression of &
joint erosion as well as suppressing inflammatory disease activity €
(5, 6). Anti-TNF-« treatment on the other hand seems to be some-
what more effective in suppressing clinical disease activity, i.e., S
primarily inflammation. However, there are as yet no published

data on effects of anti-TNl-treatment on the progression of joint
erosions (3, 4). We have preliminary data showing that, in RA
patients treated with human anti-TNF{D2E7), serum COMP
levels were not reduced, although impressive reduction of disease-
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activity was seen. Furthermore, Ilglexpression in synovial bi- S
opsies was not changed by anti-TNF treatment. This argues against™
TNF-a-dependent IL-1 production in RA synovium (P. Barrera,
L. A. B. Joosten, A. A. den Broeder, L. B. A. van de Putte,
P. L. C. M. van Riel, and W. B. van den Berg, manuscript in

preparation).

The present study indicates that blocking of IL-1 during arthritis
represents therapy that protects the cartilage and bone structures.
This is demonstrated by reduced serum COMP levels, reduced
appearance of the VDIPEN neoepitope in cartilage, and joint his-
FIGURE 7. Expression of cartilage proteoglycan breakdown neo-tgpathology with abolished erosions of the articular cartilage, as

well as absence of radiographically detectable bone erosions.
The effects of IL-1 inhibition, at the same time as TKFRRhi-
bition has little effect on tissue destruction, may appear puzzling.

However, it is known that chondrocytes and osteoblasts may pro-
duce IL-1 (33). It is thus possible that the initial events include
setting up a cycle with self-activated destruction in cartilage and
bone. In view of these findings, although TNFinhibitors may
supported by VDIPEN neoepitope appearance in the cartilage layrelieve the actual clinical picture, the long-term outcome with re-
ers. Marked presence of this neoepitope was found throughout thgard to joint destruction is likely to have the same bad prognosis.
cartilage in control and sTNFbp-treated animals, whereas animalSherefore, to suppress the inflammation and offer protection
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against tissue destruction, combinations of T&nd IL-1 inhi- 15.

bition should be tested.
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