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Abstract
Objective

To investigate the protective effect of interleukin-1 receptor antagonist (IL-1Ra) on bone and cartilage 
destruction in the induction phase of collagen-induced arthritis (CIA), an animal model of rheumatoid 

arthritis (RA). 

Methods 
DBA/1J mice were immunized with type II collagen for induction of collagen-induced arthritis (CIA) and

simultaneously given different intraperitoneal doses of IL-1Ra daily, thrice weekly or once a week. Clinical
symptoms of arthritis were noted daily and assessed using a scoring system during the course of disease. Bone

and cartilage destruction in the mice was assessed by radiographic and histological methods respectively. 

Results 
Mice injected with IL-1Ra daily were completely protected from the occurrence of arthritis after immunization

with type II collagen. Moreover, these mice were also protected against bone and cartilage destruction. 
However, weekly or thrice weekly treatment with IL-1Ra had no effect on arthritis and bone and cartilage

destruction.

Conclusion 
Daily administration of recombinant IL-1Ra, injected at the same time as arthritis induction, is effective in
blocking the occurrence of inflammatory as well as destructive changes in CIA. Daily bolus injections of 

IL-1Ra may therefore be useful for protection against joint damage following minor joint injury, whereas the
maintenance of appropriate blood levels of the antagonist may be critical for its therapeutic effect on chronic

inflammatory arthritis.
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Introduction
Rheumatoid arthritis (RA) is character-
i zed by a ch ronic infl a m m ation and
concomitant destruction of the bone
and cart i l age in synovial joints. Th e
involvement of several proinflammato-
ry cytokines, particularly interleukin-1
(IL-1) and tumor necrosis factor (TNF)
α, in the pathogenesis of RA is now
well accepted based on numerous stud-
ies (1-10). For example, the level of IL-
1 has been found to be significantly
higher in synovial fluids, in synovium
and also in sera from patients with RA
(5-7). In addition, systemic administra-
tion of IL-1 was shown to accelerate
and exacerbate arthritis in animal mod-
els of RA, such as type II collagen-
induced arthritis (CIA) in mice (8, 9)
and streptococcal cell wa l l - i n d u c e d
arthritis in rats (10). 
Informatively, mice transgenic for the
human IL-1α gene were found to dev-
elop arthritis in which cartilage degra-
dation appeared to be more rapid and
drastic than in TNFα-transgenic mice
(11, 12). These findings strongly sug-
gest a dominant role for IL-1 in carti-
lage degradation in chronic arthropa-
thy and imply that inhibition of the IL-
1-signaling pathway may represent an
e ffe c t ive therapy against cart i l age
degradation. 
The human IL-1Ra was cloned as a
specific receptor antagonist that com-
petitively blocks binding of IL-1α and
IL-1β to human IL-1 receptors type I
and type II (13), as well as to the mur-
ine IL-1 receptor type I (14),and there-
by inhibits IL-1 bioactivity. In addition
to its therapeutic effect on IL-1-
induced infl a m m at i o n , s eve ral cart i-
lage-protective effects of IL-1Ra have
been rep o rt e d. For ex a m p l e, I L - 1 R a
blocks the induction of several metal-
loproteinases (e.g. collagenase, gelati-
nase and stro m e lysin) and of PGE2,
and the release of glycosaminoglycan
in bovine nasal cart i l age explants i n
vitro (15). These findings suggest that
one therapeutic application of IL-1Ra
in arthritis may be to regulate both IL-
1-induced inflammation and bone and
c a rt i l age degra d ation in the joint
through inhibition of IL-1 binding (13,
16, 17).
The pharmacokinetics of IL-1Ra have

been investigated using animal models
of arthritis, such as adjuvant-induced
a rt h ritis and CIA (18). From these
studies, a short half-life of IL-1Ra (t1/2

= 2 hours) after injection in vivo was
documented with rapid elimination via
renal secretion (19). This finding sug-
gested the necessity for maintaining
e ffe c t ive blood levels of IL-1Ra fo r
clinical application in arthritis. Thus,
most of the previous studies on clinical
e ffects of IL-1Ra in animal models
e m p l oyed continuous infusion (18,
20). However, continuous administra-
tion using an infusion pump would not
seem practical for IL-1Ra therapy in
RA patients. In add i t i o n , a l t h o u g h
most studies reported on the therapeu-
tic effects of IL-1Ra in establ i s h e d
C I A , its pro t e c t ive effects when ap-
plied to mice before disease onset have
not been fully investigated.
In this regard, Wooley et al. showed
t h at intrap e ritoneal (i.p.) daily injec-
tion of IL-1Ra had a protective effect
against arthritis in mice with CIA (21).
To our know l e d ge, this is the only
report showing that bolus injection of
IL-1Ra can effe c t ive ly suppress infl a m-
mation in the arthritis model. However,
application by intermittent injection of
IL-1Ra, using different and prolonged
intervals between injections, has never
been investigated in animal models of
RA, in spite of its importance for clini-
cal practice. In particular, it is not clear
to what degree bolus injection of IL-
1Ra may be able to prevent bone and
c a rt i l age destruction in the animal
model. In human clinical studies, ther-
apeutic effects of daily IL-1Ra treat-
ment on joint damage were reported
(22-24). However, the maximum inter-
val between IL-1Ra injections retain-
ing protection against joint damage in
RA has not been determined. 
In the present study, we investigated
whether or not IL-1Ra tre atment by
bolus injection can protect bone and
cartilage from destruction in mice in
the early stages of CIA. Furthermore,
to determine the maximum interva l
between IL-1Ra bolus injections which
still shows a protective effect, we test-
ed the effects of once or thrice weekly
administration of IL-1Ra to the CIA
mice. 



Effect of IL-1Ra treatment on bone and cartilage destruction in CIA mice / K. Inoue et al. 

35

Materials and methods
Animals
Female DBA/1J Ncrj mice (body we i g h t
15-20 g) we re purchased from Charl e s
R iver Japan Inc. , K a n agawa , Japan fo r
use in this study. Animals we re allowe d
to accl i m ate for 1 week prior to initiat i o n
of the ex p e ri m e n t ation. Mice we re hous-
ed 4 animals per cage in clean cage s
( 2 1 5x3 2 0x130 mm) and allowed access
to food and water ad libitum. A n i m a l
c a re was in accordance with institutional
guidelines. 

Materials
Recombinant human IL-1Ra (ANA-
KINRA) and its vehicle solution were
p rovided by A m gen Inc. , Th o u s a n d
Oaks, CA. Freund’s complete and in-
complete adjuvants we re obtained
f rom Difco, D e t roit. Bovine type II
collagen was obtained from Collagen
Research Center (Tokyo, Japan).

Induction of CIA
B ovine type II collagen was solubi-
lized at 4 mg/ml in 0.05 N acetic acid
and emulsified in an equal volume of
chilled Fre u n d ’s complete adjuva n t
(used for the fi rst immu n i z ation) or
chilled Fre u n d ’s incomplete adjuva n t
(used for the second immu n i z at i o n ) .
The mice we re immu n i zed intra d e r-
mally at the base of the tail with 100 µl
of the antigen emulsion on day 0. On
day 21, the mice were given a second
i m mu n i z ation intra d e rm a l ly in the
same manner as the first immunization. 

IL-1Ra treatment of CIA
Mice (n = 8) were injected intraperi-
toneally (i.p.) with IL-1Ra at either low
(1.5 mg/kg; designated as the L group),
medium (15 mg/kg; M group) or high
doses (150 mg/kg; H group) daily,
thrice weekly (on Tuesday, Thursday
and Saturday) or once a week (Tues-
day) from day 0 until day 77. Control
mice (n = 8) were given i.p. injections
of the vehicle solution daily or once a
week. The protocol and denominations
of each treatment group are summa-
rized in Table I. The doses adminis-
tered were determined according to a
previous study (21).

Assessment of arthritis
The incidence of arthritis was assessed
twice a week from the day of the sec-
ond immunization until the end of the
study. The clinical severity of arthritis
was graded on a scale of 0-4 for each
p aw by the ch a n ges in redness and
swe l l i n g, a c c o rding to the fo l l ow i n g
criteria: 0 = no change; 1 = swelling or
redness at only one joint; 2 = swelling
or redness at more than two fi n ge r
joints or at an ankle joint; 3 = swelling
or redness of the whole paw; 4 = maxi-
mal swelling and redness and lat e r,
a n kylosis. The macroscopic score is
given as the cumulative value for all
paws, with a maximum of 16. 

Assessment of bone destruction
On day 78, the mice were sacrificed by
removal of blood from the abdominal

vena cava, and were examined for bone
destruction in the joints by radiography
(35 keV X-rays for 1 min). The bone
destruction score was graded using a
scale (0-3) for each paw, according to
the following criteria: 0 = no change; 1
= bone destruction at one finger joint; 2
= bone destruction at more than two
joints; 3 = bone destruction at an ankle
joint. The bone destruction score is
given as the cumulative value for all
paws, with a maximum of 12.

Histopathological analysis
The posterior limbs were fixed in 10%
n e u t ral bu ffe red fo rmalin solution.
After decalcification of the tissues, the
specimens were embedded in paraffin.
Tissue sections in the fi n ger joints
were stained with Safranin O.

Statistical analysis
Values of clinical and bone destruction
scores are shown as means ± S.E.M.
The differences of the scores between
e a ch group we re analy zed by Dun-
nett’s test. 

Results
Effect of IL-1Ra on the incidence of
CIA
We produced CIA mice by immunizing
DBA/1J animals with bovine type II
collagen, and simultaneously injected
recombinant IL-1Ra at different doses
and time intervals to inve s t i gate the
effect of intermittent bolus administra-
tion. The protocol for IL-1Ra adminis -

Table I. Development of CIA in the IL-1Ra-treated mice.

Days after the first immunization*

Treatment group 21 28 35 42 49 56 63 70 77

V7 (Vehicle, daily), N=8 0 2 4 5 7 8 8 8 8 (100%)
V1 (Vehicle, once a week), N=7 1 4 5 5 6 6 6 6 6 (86%)

L7 (1.5 mg/kg, daily), N=8 0 2 4 5 5 8 8 8 8 (100%)
L3 (1.5 mg/kg, thrice a week), N=7 0 1 3 5 6 6 6 6 6 (86%)
L1 (1.5 mg/kg, once a week), N=8 0 4 5 8 8 8 8 8 8 (100%)

M7 (15 mg/kg, daily), N=8 0 3 6 6 7 7 7 8 8 (100%)
M3 (15 mg/kg, thrice a week), N=8 0 1 5 5 6 6 6 7 7 (88%)
M1 (15 mg/kg, once a week), N=7 0 4 6 7 7 7 7 7 7 (100%)

H7 (150 mg/kg, daily), N=8 0 0 0 0 0 0 0 0 0 (0%)
H3 (150 mg/kg, thrice a week), N=8 1 3 5 5 5 7 7 7 7 (88%)
H1 (150 mg/kg, once a week), N=8 1 1 6 8 8 8 8 8 8 (100%) 

*Each number indicates the number of mice in each group that developed arthritis on the indicated day.
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tration is summarized in Table I. 
The ove rall occurrence of art h ri t i s ,
without taking severity into account, is
shown in Table I. Most notably, mice
that were administered 150 mg/kg IL-
1Ra daily were completely protected
from the occurrence of arthritis during
the entire observation period (0% inci -
dence; Table I). There were also some
mice that did not become arthritic in
groups V1, L3, M3 and H3, although
this could not be definitively attributed
to the IL-1Ra administration. In the
remaining gro u p s , h oweve r, I L - 1 R a
did not show any pro t e c t ive effe c t .
There was no significant retardation in
the onset of inflammation in the ani-
mals in the different groups. Therefore,
it appears that the daily injection of IL-
1Ra protects against arthritis. 
Next we investigated whether IL-1Ra
d e c reases the seve rity of art h ritis in
each group treated with different doses
and at different intervals. The cumula-
tive arthritis scores of the groups treat-
ed daily are shown in Figure 1. It was
confirmed that mice in the H7 group
were completely protected from arthri-
tis (Fig. 1). In addition, mice in groups
M7 and L7, which received a daily IL-
1Ra injection at a lower dose, a l s o
showed a decreased severity of arthri-
t i s , although the diffe rences did not
reach statistical significance. 
In contra s t , when the mice we re tre at e d
with IL-1Ra only once a we e k , n o
e ffect on the art h ritic score wa s
o b s e rved in either group (Fi g. 2). A dd i-
t i o n a l ly, t h rice we e k ly tre atment eve n
with high-dose IL-1Ra (150 mg/kg,
group H3) had no effect on the score s
( d ata not shown). These results indicat e
t h at daily, but not thrice we e k ly or once
we e k ly injection of IL-1Ra effe c t ive ly
s u p p ressed infl a m m ation in CIA. 

Effect of IL-1Ra on bone destruction
As the effects of IL-1Ra on inflamma-
tion and on bone and cartilage may dif-
fer from its effects in the rat adjuvant
arthritis model (19), we next investi-
gated the degree of joint destruction in
these mice. The effect of IL-1Ra on
bone was assessed using an X-ray gra-
ding scale. The results are summarized
in Figure 3. It was demonstrated that
the daily administration of IL-1Ra at

Fig. 1. Effect of daily administration of IL-1Ra on CIA. Closed diamonds, closed squares, closed tri-
angles, and crosses indicate group V7 (Vehicle), L7 (1.5 mg/kg IL-1Ra), M7 (15 mg/kg IL-1Ra) and
H7 (150 mg/kg IL-1Ra), respectively. Arthritis scores were visually determined twice a week in the
peripheral joints, according to the criteria in the protocol. Values are the means ± S.E.M. *P < 0.05 ver-
sus vehicle, daily group by Dunnett’s test. **P < 0.01 versus vehicle, daily group by Dunnett’s test. 

Fig. 2. Effect of once a week administration of IL-1Ra on CIA. Closed diamonds, closed squares,
closed triangles, and crosses indicate group V1 (Vehicle), L1 (1.5 mg/kg IL-1Ra), M1 (15 mg/kg IL-
1Ra) and H1 (150 mg/kg IL-1Ra), respectively. Arthritis scores were visually determined twice a week
in the peripheral joints, according to the criteria in the protocol. Values are the means ± S.E.M. 
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Fig. 3. Effect of IL-1Ra on bone destruction in CIA mice. Bone destruction in the joints was visually
determined by radiography, according to the criteria described in the Materials and Methods. Values are
the means ± S.E.M. *P < 0.05 versus vehicle, daily group by Dunnett’s test. 

Fig. 4. Histological analysis in joints of CIA mice treated with IL-1Ra. Articular cartilage was stained
with Safranin O as described in the Materials and Methods. (A) Section of a joint in mice from group
H7; arrows indicate the articular cartilage. (B) Section of a joint in mice in group V7; arrows indicate
the morphological changes in the cartilage. Ac and Bt indicate articular cartilage and bone tissue,
respectively. (Original magnification x 200.)

150 mg/kg (H7) completely prevented
bone damage. Mice receiving 1.5 or 15
mg/kg of IL-1Ra daily (L7 and M7)
also showed slightly decreased scores
for bone destruction (not significant)
c o m p a red to the control. Howeve r,
t re atment with IL-1Ra three times a
week or once a week did not have any
significant impact on bone destruction
scores. 
These results indicate that daily, but
not once we e k ly or thrice we e k ly,
injection of IL-1Ra effectively prevent-
ed not only the inflammation but also
bone destruction in CIA. 

Effect of IL-1Ra on cartilage 
destruction
The effect of IL-1Ra on cartilage dam-
age in CIA mice was examined by his-
t o l ogical analysis using Safranin O
staining. As shown in Figure 4B, the
articular cartilage in the mice treated
with vehicle (group V7) was severely
damaged. Daily administration of IL-
1Ra at 150 mg/kg (g roup H7) marked-
ly inhibited the destruction of articular
cartilage (Fig. 4A). However, the mice
in the other IL-1Ra-treated groups still
s h owed complete destruction of the
a rticular cart i l age (data not show n ) .

These results indicate that daily, but
not once weekly or thrice weekly, in-
jection of IL-1Ra could also complete-
ly protect the cartilage from destruc-
tion in CIA mice. 

Discussion
We demonstrated that daily injection of
high-dose IL-1Ra into DBA/1J mice at
the induction phase of CIA dramatical-
ly reduced the incidence of inflamma-
t o ry art h ri t i s , and furt h e rm o re com-
pletely protected the bone and cartilage
f rom destruction. These findings stro n g-
ly support the clinical application of
IL-1Ra at intermittent intervals in vivo
for protection against the joint destruc-
tion which occurs following the dis-
ease-inducing event. 
We investigated the preventive effect of
recombinant IL-1Ra administrat i o n ,
intraperitoneally in bolus form, at pro-
longed intervals. The doses adminis-
t e red we re determined in a prev i o u s
study (21). The high-dose (150 mg/kg)
level was determined as the dose that
had a therapeutic effect on inflamma-
tion in CIA mice. This dose is higher
than that used in human RA therapy (-
200 mg/day), but the pharmacokinetics
of IL-1Ra in mice and humans may
differ. The present study demonstrated
that daily injection of the highest dose
(150 mg/kg) of IL-1Ra had a signifi-
cant protective effect on bone and car-
tilage destruction. We also confirmed
the significant effect in a sep a rat e
experiment using mice which received
an intermediate dose (75 mg/kg) of IL-
1Ra (unpublished data), indicating that
the protection was dose-dependent. 
In this regard, although the half-life of
i n t rap e ri t o n e a l ly injected IL-1Ra in
bolus form has not been reported thus
far, from a study of s.c. injection of IL-
1Ra into rats it can be estimated to be
about 2 hours (t1/2 = 2 hours) (19). Spe-
cifically, Bendele et al. showed that the
anti-arthritic effect of s.c. injected IL-
1Ra re q u i red a blood leve l of 0.2
µg/ml in the CIA rat (19). In their
study, the effective blood level of IL-
1Ra was reported to be maintained for
about 12 hours after 100 mg/kg s.c.
injection. Considering these data, it is
assumed that the circulating level of
IL-1Ra in the group re c e iving 150

A. B.
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mg/kg daily in our present study would
be maintained for about 24 hours after
the injection. On the other hand, the
levels of IL-1Ra in other groups (L, M,
H1 and H3) seemed to be below the
e ffe c t ive level a day after injection,
suggesting that the continuous mainte-
nance of IL-1Ra blood levels above the
effective threshold is required for the
a n t i - a rt h ritic effect and pro t e c t i o n
against bone and cartilage degradation.
Plasma clearance of IL-1Ra in human
is as rapid as in mice (18, 25). The fre-
quency of dosage is important in the
therapy of human RA, with daily treat-
ment providing the most benefit, and
our results support this therapeutic pro-
tocol for RA.
It has been suggested that the signaling
cascade following IL-1 binding to the
IL-1R could play an important role in
cartilage destruction in vivo by modu-
lating proteoglycan synthesis and the
production of several metalloproteinas-
es by chondrocytes (15, 26). Joosten et
al. reported that IL-1αβ blockade using
anti-murine IL-1 antibodies can result
in the reduced release of cart i l age
oligomeric matrix protein, a circulating
marker of cartilage turnover (27), and
a m e l i o rate infl a m m at o ry art h ritis in
CIA mice. In contrast,TNF-α blockade
can ameliorate only infl a m m at o ry
arthritis (28). Thus IL-1Ra is expected
to protect against such mech a n i s m s
leading to cart i l age deteri o ration by
inhibiting IL-1/IL-1R binding. Interest-
i n g ly, I L - 1 R a - d e ficient mice we re
found to suffer severe arthropathy with
cartilage destruction, supporting a cru-
cial role of IL-1Ra in protection (29). 
As for human RA, a wide array of
modulators of inflammation, in addi-
tion to IL-1, are known to be involved
in the pathogenesis of RA. For exam-
ple, proinflammatory cytokines TNF-α
and IL-6 have been focused on as a
therapeutic target (30, 31). In addition,
h o rmones and neuro t ra n s m i t t e rs are
suggested to play an important role in
RA, since in RA patients the hypothal-
a m i c - p i t u i t a ry - a d renal system and
hypothalamic-autonomic nervous sys-
tem are altered (32). These facts make
the pat h o l ogical mechanism of RA
much more complex than that of ani-
mal models of arthritis such as CIA.

In human clinical studies, daily treat-
ment with IL-1Ra significantly reduced
the ero s ive joint counts and Lars e n
scores in RA (23, 24). In contrast, the
same protocol of IL-1Ra therapy had
only a limited effect on inflammation
in RA (30). IL-1 may therefore play a
more important role in joint damage
than inflammation in RA. On the other
hand, IL-1 may also be a major media-
tor of both infl a m m ation and joint
damage in the CIA model. 
Our present study demonstrated that
the daily administration of 150 mg/kg
IL-1Ra dramatically inhibited bone and
c a rt i l age destruction in CIA mice.
These results suggest that the daily in-
jection of IL-1Ra (despite rapid clear-
ance) may be applicable not only for
r h e u m atoid art h ritis but also for the
treatment of acute arthropathy, at least
in those patients who can tolerate daily
injections and need the definite carti-
lage protective effect. Moreover, it is
expected that IL-1Ra could be used to
p revent further cart i l age damage, fo r
example after acute traumatic injury or
i n t ra - a rticular surgical manipulat i o n ,
because we have demonstrated com-
plete protection from art h ro p at hy in
mice tre ated daily with IL-1Ra after
arthritis induction. On the other hand, a
modified form of IL-1Ra with a longer
half-life, if applicable, would be clini-
cally more relevant for the long-term
therapy of chronic arthritis.
In conclusion, we have demonstrated
that the daily administration of recom-
binant IL-1Ra effe c t ive ly bl o cks not
only inflammation but also the destruc-
tive joint changes in mice during induc-
tion of CIA. Maintenance of appropri-
ate blood levels may be critical for the
therapeutic effect of IL-1Ra on chronic
inflammatory arthritis.
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