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Inhibition of Disease Progression by a Novel Retinoid
Antagonist in Animal Models of Arthritis

BLAKE C. BEEHLER, YONG-JIANG HEI, SIMON CHEN, JOHN A. LUPISELLA, JACEK OSTROWSKI,
JOHN E. STARRETT, DAVID TORTOLANI, KENNETH M. TRAMPOSCH, and PETER R. RECZEK

ABSTRACT. Objective. To investigate the usefulness of a novel retinoic acid receptor (RAR) antagonist (BMS-

189453) in animal models of arthritis.

Methods. BMS-189453 was tested in HIG-82 rabbit synovial fibroblasts to determine its ability to
repress collagenase (matrix metalloproteinase-1, MMP-1) mRNA expression in vitro. Cells were stim-
ulated with phorbol myristate acetate or interleukin 1 and mRNA quantified by slot-blot analysis. /n
vivo, BMS-189453 was evaluated in 2 animal models of arthritis: collagen induced arthritis (CIA) in
mice and streptococcal cell wall induced arthritis (SCWA) in rats. Clinical scores for arthritis were
recorded weekly. At the end of each study, limbs were evaluated histologically. In CIA, these results
were correlated with mRNA levels for collagenase-3 (MMP-13) and stromelysin-1 (MMP-3) as deter-
mined by Northern blot.

Results. BMS-189453 reduced MMP-1 expression in HIG-82 synovial fibroblasts in culture. BMS-
189453 treatment blocked the clinical progression of arthritis beyond soft tissue inflammation in the
CIA model. In the SCWA model, BMS-189453 treatment resulted in significantly reduced swelling with
no notable progression to joint distortion/destruction. Histological evaluation of the joints from animals
in both models confirmed this result. Analysis of mRNA from the CIA paws showed that BMS-189453
prevented the overexpression of MMP-13 and MMP-3 in arthritic joints.

Conclusion. Improvement in clinical and histologic variables in 2 separate animal models, along with
simultaneous reduction in MMP expression in the affected joint, suggests that RAR antagonists such as
BMS-189453 may be useful as agents to treat rheumatoid arthritis and for determining the role of MMP
in disease progression. This is the first study to show the clinical potential of RAR antagonists in

arthritis. (J Rheumatol 2003;30:355-63)

Key Indexing Terms:
RETINOID ANTAGONIST
MATRIX METALLOPROTEINASE

RETINOIC ACID RECEPTOR

AP-1
COLLAGEN INDUCED ARTHRITIS

STREPTOCOCCAL CELL WALL INDUCED ARTHRITIS

Rheumatoid arthritis (RA) is a common autoimmune disease
characterized by chronic inflammation of the synovial joint.
The observed synovial inflammation is associated with the
destruction of articular cartilage and bone erosions leading to
the loss of joint function. While the exact molecular mecha-
nisms responsible for cartilage destruction have not been elu-

From the Departments of Biochemical Pharmacology, Cell and Molecular
Biology, and Medicinal Chemistry, Bristol-Myers Squibb Pharmaceutical
Research Institute, Buffalo, New York, USA.

B.C. Beehler, MS, Biochemical Pharmacology, Bristol-Myers Squibb,
Pennington, NJ; Y. Hei, PhD, Biochemical Pharmacology, Division of
Medical Affairs, Roche Laboratories, Inc., Nutley, NJ; S. Chen, PhD,
Bristol-Myers Squibb; J.A. Lupisella, MS, Cell and Molecular Biology;
J. Ostrowski, PhD, Cell and Molecular Biology, Bristol-Myers Squibb,
Pennington, NJ; J.E. Starrett, PhD, Medicinal Chemistry, Bristol-Myers
Squibb, Wallingford, CT; D. Tortolani, BS, Medicinal Chemistry, Bristol-
Myers Squibb, Pennington, NJ; K.M. Tramposch, PhD, Biochemical
Pharmacology, State University of New York at Buffalo; P.R. Reczek,
PhD, Department of Molecular and Cellular Biophysics, Roswell Park
Cancer Institute, Buffalo, NY.

Address reprint requests to B.C. Beehler, Bristol-Myers Squibb Company,
Pharmaceutical Research Institute, 311 Pennington-Rocky Hill Road,
Mail Stop 21-2.07, Pennington, NJ 08534.

E-mail: blake.beehler@bms.com

Submitted January 18, 2002, revision accepted July 30, 2002.

cidated, proteinases produced by macrophages, neutrophils,
synovial cells, and chondrocytes are believed to play a critical
role in the degradation of the cartilage matrix. In particular,
there is good evidence that the matrix metalloproteinase
(MMP) family of proteolytic enzymes plays an important role
in the pathological process of arthritis. Expression levels for
several distinct MMP are found to be elevated in arthritic tis-
sues, and high levels of MMP are found in synovial fluid
taken from arthritic joints'?.

Retinoids, analogs of vitamin A, play an important role in
a wide variety of biological functions including cell prolifera-
tion, differentiation, and morphogenesis. Retinoids exert their
effects largely through their interaction with the retinoic acid
receptors (RAR-a, -B, -y). These nuclear receptors function as
ligand dependent transcription factors that bind to retinoic
acid response elements in the promoter region of target genes
leading to the modulation of transcription of these genes>.
An alternative mechanism of action by retinoids is gene
repression involving the ligand dependent interaction of RAR
with the transcription factor AP-1, a protein heterodimer com-
prising c-jun and c-fos®’. One important target gene for
retinoic acid via AP-1 is fibroblast interstitial collagenase
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(MMP-1), which degrades interstitial collagen and is thought
to play a critical role in the degradation of the cartilage matrix
in arthritis®. Retinoic acid was shown to suppress collagenase
gene expression through interactions with AP-1 in vitro®, and
the DNA binding activity of AP-1 was shown to be increased
in collagen induced arthritis (CIA) in mice and human RA'°.
In CIA, the activation of AP-1 precedes clinical arthritis and
MMP gene expression'?. Injection of CIA mice with short
double stranded AP-1 DNA oligonucleotides that compete for
the binding of AP-1 inhibited arthritic joint destruction!!.
Compounds possessing anti-AP-1 activity therefore have
potential for the treatment of arthritis by suppressing collage-
nase and other AP-1 regulated MMP, thus blocking the erosive
progression of the disease.

BMS-189453 (Figure 1) is an RAR-a, -B, -y antagonist
shown to compete with retinoic acid for gene transactivation
through the RAR while maintaining AP-1 transrepressive
activity in in vitro systems'>!3, To investigate the usefulness
of BMS-189453 in arthritis, we evaluated the inhibitory effect
of BMS-189453 on collagenase induction in HIG-82 cells.
This cell culture system provides a well documented model
for the induction of MMP-1 expression involving an AP-1
mechanism'*, Since MMP-1 expression was found to be
reduced in a dose dependent manner in these cells, it was rea-
sonable to test the effects of BMS-189453 on arthritis in vivo
using 2 well characterized animal models: the mouse CIA
model and the rat streptococcal cell wall induced arthritis
(SCWA) model.

CIA is a chronic autoimmune polyarthritis that resembles
human RA in terms of genetic linkage, T cell dependency, ten-
dency to affect peripheral joints, pannus formation, cartilage
erosion, and joint destruction'>'%, Agents used to treat human
RA such as corticosteroids, nonsteroidal antiinflammatory
drugs (NSAID), methotrexate, and penicillamine are active in
this model'”'®, Since CIA does not perfectly mimic human
RA and the effects of retinoids in this model have been incon-
sistent!*2! we also evaluated BMS-189453 in the SCWA
model in rats. While the precise relationship to human RA is
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Figure 1. The chemical structure of RAR pan-antagonist BMS-189453: 4-
[[(E)-[5,6-Dihydro-5,5-dimethyl-8-phenyl]-2-naphthalenyl]ethenyl]benzoic
acid.
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not known, the clinical, pathological, radiological, and
immunological features of SCWA resemble that seen in
human arthritis?>%. Unlike CIA, the serum of SCWA rats con-
tains rheumatoid factor, and the disease severity is remitting
and relapsing, much like the course of disease progression in
humans??2#,

The effects of BMS-189453 in these models revealed that
BMS-189453 modulates the clinical and histological features
of arthritis in both mouse CIA and rat SCWA. Gene expres-
sion studies using mRNA from mouse CIA limbs show that
BMS-189453 suppresses both collagenase-3 (MMP-13) and
stromelysin-1 (MMP-3), which correlates well with results
from the HIG-82 experiments. These results suggest that
retinoid antagonists such as BMS-189453 may be useful for
the treatment of human RA.

MATERIALS AND METHODS

Compounds tested. BMS-189453 (Figure 1), synthesized by Medicinal
Chemistry, Bristol-Myers Squibb Pharmaceutical Research Institute, was
used as the sodium salt. Prednisolone and all-trans retinoic acid (tRA) were
purchased through Sigma-Aldrich, St. Louis, MO, USA.

Suppression of collagenase expression in HIG-82 synovial fibroblasts. The
ability of BMS-189453 to suppress MMP-1 in HIG-82 rabbit synovial fibrob-
lasts was evaluated in a described assay'. In short, early passage HIG-82
cells were treated for 7.5 h with 7.5 nM phorbol myristate acetate (PMA) or
for 12 h with 10 ng/ml of IL-18 to induce MMP-1 expression. Suppression of
MMP-1 expression was measured by cotreatment with BMS-189453 and
compared with the RAR agonist tRA in the concentration range from 0.001 to
10 pM. Total RNA was isolated from these cells and blotted onto nitrocellu-
lose membranes using the slot-blot method. The resulting blots were probed
with a 3?P-labeled cDNA for MMP-1 and GAPDH. Hybridization was quan-
tified by phosphorimagery.

Animal models. All animal test methods reported here were approved by the
Institutional Animal Care and Use Committee. The animals were cared for
according to American Association for the Accreditation of Laboratory Care
guidelines and given standard laboratory chow and water ad libitum.

CIA was induced in 6-8 week old female DBA/1 Lac J mice (Charles
River Laboratories, Wilmington, MA, USA) by intradermal injections of type
11 bovine collagen (provided by Dr. John Stuart, Memphis, TN, USA) emul-
sified in complete Freund’s adjuvant (Difco) on days 1 and 7. Using the pre-
ventive dosing protocol, treatment with intraperitoneal (IP) injections of
BMS-189453 (15 mg/kg), tRA (5 mg/kg), prednisolone (3 mg/kg), or vehicle
(water) was given once daily throughout the 70 day study beginning 3 days
prior to the first injection of collagen. The dose of BMS-189453 (15 mg/kg)
was chosen based upon its effectiveness in preliminary dose-response exper-
iments. Sixteen animals were used for each treatment group (N = 16). Mice
were inspected daily for the onset of arthritis characterized by edema and/or
erythema in the limbs. In the established arthritis dosing protocol, treatment
with BMS-189453 (15 mg/kg), prednisolone (3 mg/kg), or vehicle was initi-
ated when the first visual signs of arthritis were observed and continued once
daily for 8 weeks. The mice were evenly distributed among test groups as
arthritic symptoms first appeared, with a final population size of 12 animals
(n = 12) and a total of 18-24 first affected limbs. For both dosing protocols,
the limbs were scored at least weekly using clinical scores defined as: 0 = nor-
mal; 1 = joint inflammation presented as erythema and edema; 2 = joint dis-
tortion with or without joint inflammation; 3 = immobilization and ankylosis
of the joints.

SCWA was induced in female Lewis rats, 100—150 g each, obtained from
Charles River Laboratories. To induce the development of arthritis, each ani-
mal was given an IP injection in the lower abdomen with peptidoglycan-poly-
saccharide polymers from group A streptococci (Lee Laboratories) at a rham-
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nose equivalent of 15 pg/g body weight. Three days prior to arthritis induc-
tion, treatment with BMS-189453 (15 mg/kg IP), prednisolone (3 mg/kg IP),
or vehicle (water) was initiated and continued daily throughout the 42 day
study. Eight animals were used for each treatment group (n = 8). Rats were
inspected daily for the onset of arthritis characterized by edema and/or ery-
thema in the limbs. Each hind paw was measured at least weekly with a con-
stant tension caliper.

Histology. At the end of the experiment, the animals were sacrificed by car-
bon dioxide asphyxiation and their limbs removed and placed in fixative.
Both hind limbs and forelimbs were analyzed histologically in the mouse CIA
model, whereas hind limbs alone were analyzed in the rat SCWA model to
correlate with the limbs clinically graded or paws measured from each model,
respectively. The joints were then decalcified, processed, and embedded in
paraffin with an orientation to allow a lateral section from the ankle to the dig-
its. Serial sections were made 4-8 pm thick, mounted on glass slides, and
stained with safrinin O and fast green stain. The following scoring system was
used to assess the arthritis: 0 = normal joints, absence of inflammation; 1 =
evidence of soft tissue inflammation: synovial hyperplasia and/or cell infil-
tration into the synovial space (pannus); 2 = Grade 1 and definite erosion of
articular cartilage; 3 = Grade 2 and definite erosion of articular bone, but joint
architecture mostly intact; 4 = Grade 3 with bone erosion resulting in a major
loss of joint architecture.

Northern blot. Total RNA (30 pg) was prepared from CIA (affected limbs
only) that were pooled from each test group at day 40 of the preventive dos-
ing protocol. RNA was prepared using the Trizol method (Gibco BRL), elec-
trophoresed through a 0.9% (w/v) agarose/2.2 M formaldehyde gel, and vac-
uum transferred to a Zeta-Probe (Bio-Rad) blotting membrane. Following
ultraviolet crosslinking of the RNA to the membrane, cDNA probes for mouse
collagenase-3 (MMP-13), stromelysin-1 (MMP-3), and GAPDH were labeled
with 3?P-dCTP (3000 Ci/mmol; Dupont-NEN) using an Amersham
Megaprime DNA labeling system. The MMP-13 and MMP-3 probes were
kindly provided by Dr. Karen Hasty (Memphis, TN, USA) and the GAPDH
probe was purchased from Clontech. The membranes were hybridized
overnight and washed before signal quantitation by Phospholmager analysis.
Transcript sizes of mRNA were estimated by comparison with mRNA mark-
ers and the expression of MMP-13 and MMP-3 was normalized by the
expression of GAPDH.

RESULTS

Inhibition of PMA and IL-1f induced collagenase (MMP-1)
expression by retinoic acid and BMS-189453 in HIG-82
cells. The rabbit synovial fibroblast cell line, HIG-82, is
commonly used as a model for the induction of MMP-1
expression involving an AP-1 mechanism'4. This culture
model was chosen as representative of human synovial
fibroblasts because they express MMP-1, while both mice
and rats express MMP-13. Figure 2 shows that a reduction in
MMP-1 expression was seen when cells were induced with
either PMA or IL-18 and cotreated with either the RAR pan-
agonist tRA or the RAR antagonist BMS-189453. A 50%
reduction in MMP-1 expression (IC,;) was measured at 40
nM for tRA cotreated HIG-82 cells, while treatment at 1 pM
reduced expression to basal levels. To suppress IL-18
induced MMP-1 expression, higher concentrations of tRA
were required (IC,; = 500 nM with 80% maximal inhibition
at 10 pM). The RAR antagonist, BMS-189453, also sup-
pressed PMA induced MMP-1 expression, but maximum
inhibition was 45% at 100 nM. Similar results were obtained
using IL-18 as an inducer, with IC, values 10-fold higher
than (RA (IC,; = 5 pM).
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Figure 2. Retinoic acid (tRA) and BMS-189453 inhibition of MMP-1 induc-
tion by PMA (A) and IL-16 (B) in HIG-82 rabbit synovial fibroblasts in cul-
ture. The standard deviation is indicated by the vertical bar (n = 4).

Activity of BMS-189453 in CIA in mice. A preventive protocol
of drug dosing was initially used where the drug was admin-
istered IP beginning 3 days prior to collagen injection and
continuing daily throughout the experiment. Clinical signs of
arthritis first appeared around day 20 in animals treated with
vehicle or tRA, while the first onset of the clinical signs of
arthritis did not occur until day 32 in the BMS-189453 or
prednisolone treated groups (Figure 3). The total penetrance
of arthritis was 100% in the vehicle and tRA treated groups by
day 50, but only reached about 75% in the BMS-189453 treat-
ed group and 25% in the prednisolone treated group at the end
of the 70 day study (data not shown). The overall effects of
each treatment on CIA can be represented by the mean clini-
cal scores, which were derived by adding the clinical scores
from all the limbs in each group of animals and dividing the
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Figure 3. BMS-189453 significantly reduced the mean clinical scores of CIA
mice throughout the time course of disease progression. Clinical scores were
recorded as described in Materials and Methods. *Statistically significant dif-
ferences (p < 0.01) were achieved for BMS-189453 and prednisolone com-
pared to vehicle beginning on day 26 of the study as determined by ANOVA
(Tukey procedure).

sum by the number of animals. As shown in Figure 3, both the
RAR antagonist BMS-189453 and prednisolone (the positive
control for this model) significantly reduced the mean clinical
scores in the CIA mice when compared with the vehicle or
tRA treated mice. By the end of the study, the mean clinical
scores of the mice in the vehicle and tRA treated groups
approached 6, while those in the BMS-189453 treated group
had a mean clinical score less than 2. Statistically significant
differences (p < 0.01) were achieved for BMS-189453 and
prednisolone compared to the vehicle beginning on day 26 of
the study, as determined by analysis of variance (ANOVA,
Tukey procedure).

Examination of the distribution of clinical scores for all
limbs in each group of mice (Figure 4) shows that 55% of the
limbs from the BMS-189453 treated mice appeared normal
and the other 45% of the limbs had clinical scores of 1 (soft
tissue inflammation). In contrast, greater than 80% of the
limbs in the vehicle treated group had clinical scores of 1 or
higher. Nearly 40% of the limbs in the vehicle treated group
had scores of 2 or higher (joint distortion or immobilization).
Prednisolone showed the greatest benefit, with 90% of the
limbs appearing normal, while the clinical score distribution
of the tRA treated mice closely resembled that of the vehicle
treatment.

At the end of the study, all limbs were processed for histo-
logical analysis. The slides were read by a blinded investiga-
tor using the scoring system described in Materials and
Methods. Representative histological sections of mouse joints
from normal (grade 0), vehicle treated (grade 3), and BMS-
189453 treated (grade 1) mice are shown in Figure 5. The his-
tological score distribution is illustrated in Figure 6A. Nearly
80% of the limbs from mice in the vehicle treated group had
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Figure 4. The distribution of clinical scores for limbs in CIA mice at the end
of the 70 day study. Clinical scores were given to each limb using the fol-
lowing definitions: 0 = normal; 1 = joint inflammation presented as erythema
and edema; 2 = joint distortion with or without joint inflammation; 3 = immo-
bilization and ankylosis of the joints. Compared to vehicle, BMS-189453
shifted the distribution of clinical scores to lower grades limited to soft tissue
inflammation.

histological grades of 3 and 4, indicating significant erosion of
cartilage and bone. Similar results were recorded for the tRA
treated group. In BMS-189453 treated mice, no limbs were
scored a grade 4 and only 5% were scored grade 3, while 58%
of the limbs were scored grade 1 or 2. Greater than 30% of the
limbs in the BMS-189453 group were normal. The results
with prednisolone were similar to those observed for BMS-
189453.

A second protocol was developed to mimic the efficacy of
BMS-189453 in established arthritis. Treatment with BMS-
189453 or prednisolone was initiated when the clinical signs
of arthritis first appeared, typically between 20 and 25 days
following the first injection with collagen II. Figure 7 illus-
trates the mean clinical score of the first affected limb(s) from
CIA mice produced in this way and treated with BMS-
189453, prednisolone, or vehicle throughout the 8 week treat-
ment period. The mean clinical score for all first affected
limbs within the BMS-189453 and prednisolone treated
groups never exceeded a score of 1 (soft tissue inflammation),
while the clinical score severity for the first affected limbs in
the vehicle treated group progressed throughout the duration
of the study. Prednisolone differs from BMS-189453 in that it
lowers the mean clinical score from baseline due to its antiin-
flammatory properties. Statistically significant differences (p
< 0.05) were achieved for BMS-189453 and prednisolone
compared to the vehicle as determined by ANOVA (Tukey
procedure). Examination of the distribution of clinical scores
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Figure 5. Representative histology from mouse paws from normal (A), arthritic (B), and BMS-189453 treated (C) mouse paws. At the end of the study, limbs from
all animals were removed for sectioning and staining with safrinin O and fast green. Note the normal joint architecture with a thin synovial membrane, narrow
joint space (JS), and smooth articular surface (AS) in the normal mouse limb. The vehicle treated CIA mouse shows joint swelling with cellular infiltration, syn-
ovial membrane hyperplasia, pannus (P) formation, and cartilage and bone erosion. These pathological changes were markedly reduced in the BMS-189453 treat-
ed mouse.
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Figure 6. The distribution of histological scores in CIA mice (A) and SCWA rats (B). Histological scores were given to each limb using the following definitions:
0 =normal; 1 = synovial membrane hyperplasia and/or cellular infiltrate into the synovial space; 2 = pannus formation with erosion of the articular cartilage; 3 =
pannus erosion into cartilage and bone with > 50% of the joint architecture intact; 4 = loss of joint integrity. The majority of joints in the vehicle treated animals
showed histological scores of 3 and 4, while treatment with BMS-189453 shifted the distribution to the lower end, with histological scores of mainly 0-2.

for all the limbs (including additional limbs affected during
the treatment period) at the end of the 8 week treatment peri-
od showed the protective effects of BMS-189453 similar to
that demonstrated in the preventive protocol, with only mod-
erate differences between all treatment groups in histological
scoring when comparing either first affected limbs or all limbs
(data not shown).

Suppression of mouse collagenase-3 (MMP-13) and
stromelysin-1 (MMP-3) expression by BMS-189453 in the
limbs of CIA mice. An MMP-1 homolog has not been identi-
fied in mice, but many of its functions appear to be served by
MMP-13. Studies of the human MMP-13 promoter indicate
that it also contains AP-1 sites and is homologous to the
mouse gene>?°, Therefore, we measured the expression lev-
els of MMP-13 in preventive CIA by Northern blot. As illus-
trated in Figure 8, mouse MMP-13 and MMP-3 levels were

significantly elevated in vehicle and tRA treated CIA mice
compared to the naive age matched control animals. In con-
trast, those mice treated with BMS-189453 had no measurable
MMP-13 or MMP-3 expression levels that were similar to
those observed for age matched naive control animals. While
mRNA for MMP-13 and MMP-3 is not indicative of a corre-
sponding change in the protein levels or in the activation of
latent MMP, results from preliminary gel zymography studies
using protein prepared from the same limbs used for RNA
preparation parallel those from the mRNA (data not shown).

Activity of BMS-189453 in SCWA in rats. BMS-189453 was
evaluated in a second model of arthritis in a second species.
The SCWA model was chosen due to the severity of symp-
toms produced and similarity to the human disease. Within
24-72 h of a single IP injection of SCW, vehicle treated rats
developed a symmetric erythema and edema of the distal
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Figure 7. The mean clinical score of first affected limb(s) from mice with
established CIA throughout the 8§ week treatment period. BMS-189453 effec-
tively blocks the clinical progression of arthritis in CIA mice when dosed ther-
apeutically. Clinical scores were recorded as described in Materials and
Methods. *Statistically significant differences (p < 0.05) were achieved for
BMS-189453 and prednisolone compared to vehicle as determined by
ANOVA (Tukey procedure).
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Figure 8. Northern blot analysis of total RNA extracted from limbs of CIA
mice treated with the indicated retinoids for 40 days. BMS-189453 signifi-
cantly reduces MMP-13 and MMP-3 to control levels.

joints primarily involving the wrists and ankles. This acute
inflammation subsided by 5 to 8 days. Beginning around 21
days, a chronic remittent arthritis occurred that progressively
led to a more severe edema, joint distortion, and joint destruc-
tion. Treatment with BMS-189453 (15 mg/kg IP) resulted in
significantly reduced swelling compared to the vehicle, with
no notable progression to joint distortion/destruction. Figure 9
illustrates the progressive increase in paw thickness for the
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Figure 9. The effects of BMS-189453 on SCWA in rats. The thickness of the
hind limb paws as measured throughout the 42 day study. *Statistically sig-
nificant differences (p < 0.01) were achieved for BMS-189453 and pred-
nisolone compared to vehicle on days 35 and 42 of the study as determined
by ANOVA.

vehicle treated rats in contrast to the BMS-189453 treated
rats, whose hind paws experienced no significant change in
paw thickness throughout the 42 day study. On day 42, the
average measurement for the hind paws from rats in the vehi-
cle treated group (10.1 mm) was over 2-fold the measured
thickness from rats in the normal age matched control group
(4.9 mm). Measurements from the BMS-189453 (5.4 mm)
and prednisolone (5.3 mm) groups were comparable to the
normal age matched controls (4.9 mm). Statistically signifi-
cant differences (p < 0.01) were achieved for both the BMS-
189453 and prednisolone groups compared to the vehicle on
days 35 and 42 of the study as determined by ANOVA.

At the end of the study, the hind limbs were processed for
histological analysis. The slides were read by a blinded inves-
tigator using the scoring system described in Materials and
Methods. The histological score distribution is illustrated in
Figure 6B. Clearly, BMS-189453 protected the integrity of the
joint whereas joint destruction was observed in the vehicle
treated rats. Greater than 60% of the hind limbs in the vehicle
treated group had a histological score of grade 4 (cartilage and
bone erosion resulting in a major loss of joint architecture),
while 83% of the limbs in the BMS-189453 group recorded a
histological score of grade 1 (evidence of soft tissue inflam-
mation with no cartilage or bone erosions). None of the limbs
from the BMS-189453 treated groups achieved a histological
score of grade 4.

DISCUSSION

RA is a chronic polyarthritis affecting roughly one percent of
the population worldwide?”. Clinical presentation at the time
of initial diagnosis includes joint pain, stiffness, and swelling.
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Erosive changes in affected joints are detectable by magnetic
resonance imaging within 4 months of clinical onset of arthri-
tis, and radiographic data suggest that 50% of the maximum
damage to the joints occurs within the first 5 years of the dis-
ease??. The clinical course of RA leads to declines in the
functional capacity to perform activities of daily living, fre-
quent work disability, high levels of comorbidities, and earli-
er mortality’. With the exception of the recent introduction of
tumor necrosis factor-o. (TNF-a) blocking drugs, no single
treatment or combination of therapies is associated with a sus-
tained improvement or halt in progression of the disabling
course of arthritis’!. Longterm experience with TNF-a
inhibitor therapy is limited and other traditional drug therapies
result in side effects that limit their use. The continuing chal-
lenge, therefore, is to develop a treatment for early interven-
tion in RA that will block disease progression without causing
serious side effects. This report describes the use of a novel
RAR antagonist, BMS-189453, in animal models of arthritis
and suggests that this compound may be useful in the treat-
ment of the human disease.

Synovial fibroblast cultures provided the first indication
that BMS-189453 would be useful in experimental models of
arthritis. The ability of this compound to reduce the expres-
sion of MMP-1 when induced by physiologically relevant
inducers (Figure 2) served as the initial rationale for the study
of this compound in animal models. Two in vivo models were
chosen for further evaluation: the mouse CIA model and the
rat SCWA model. In these 2 aggressive, accelerated models of
arthritis, BMS-189453 suppresses the pathohistological signs
of arthritis, thereby blocking the progression of the disease at
the level of joint inflammation (Figures 3—7 and Figure 9). In
addition, although toxicological evaluation was not within the
design of the studies reported here, it is worthwhile to note
that there were no overt signs of the typical toxicities associ-
ated with retinoids®?, and the compound did not induce overt
signs of hypovitaminosis A (data not shown).

While the mechanism of BMS-189453 action in vivo could
be very complex, its AP-1 transrepressive activity'? is consis-
tent with what is known about the role of AP-1 in arthritis. In
the CIA model, the finding that arthritic joint destruction
could be specifically inhibited by administering oligonu-
cleotides containing the AP-1 consensus sequence to compete
for binding of AP-1 at the promoter binding site of target
genes strongly suggests that AP-1 activation is involved in
disease progression'!. Further, the role of AP-1 in retinoic acid
mediated transrepression of collagenase and stromelysin has
been documented?**, Retinoids are known to suppress colla-
genase transcription by mechanisms that involve downregula-
tion of fos and jun mRNA, sequestration of fos and jun pro-
teins, and the formation of complexes of retinoid receptors
and AP-1 proteins on DNA%. The downregulation of MMP
containing AP-1 in their promoter sites provides a hypothesis
for the inhibition of joint destruction by anti-AP-1 compounds
such as BMS-189453. Nonetheless, AP-1 is not the only tran-
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scription factor involved in the induction of MMP genes. It is
known that MMP-1 gene expression is regulated at multiple
points, both transcriptionally and post-transcriptionally®. The
effects of BMS-189453 may also be mediated by other mech-
anisms such as RAR antagonism, immunosuppression,
antiproliferation of the synovial fibroblasts, the induction of
tissue inhibitors of metalloproteinases, or the inhibition of
inflammatory cytokines important to the pathogenesis of
arthritis.

In light of the observations reported here, it is perplexing
that the RAR pan-agonist, tRA, was inactive in the CIA model
despite its strong anti-AP-1 activity. However, the effects of
retinoids in animal models of arthritis have been inconsis-
tent'2!, and no beneficial clinical effect was observed with
the retinoid N-[4-hydroxyphenyl] retinamide in a clinical trial
of patients with RA%. Despite the inhibition of MMP-1 induc-
tion by tRA in vitro in a synovial fibroblast cell line described
by others®*%” and reported here (Figure 2), there are also sev-
eral reports that describe pharmacologic doses of retinoic acid
as a stimulus of cartilage degradation®®3°. While retinoic acid
decreases MMP-1 mRNA expression in cultured chondro-
cytes, it also increases MMP-13 mRNA expression'.
Interestingly, MMP-13 is much more active against type II
collagen compared to MMP-14, and overexpression of MMP-
13 alone can result in cartilage degradation and joint patholo-
gy resembling arthritis*!. There have also been reports of
retinoic acid induced stimulation of urokinase-type plasmino-
gen activator, a serine proteinase with implicated involvement
in joint erosion*’. These findings are consistent with our
observations that tRA is a potent AP-1 transrepressor in a syn-
ovial fibroblast cell line, yet has no benefit on the clinical pro-
gression of arthritis in the mouse CIA model. It is therefore
possible that the RAR agonist activities of tRA may contribute
to the pathogenic mechanisms of RA in vivo dominating over
the potential protective effects of anti-AP-1 activity. In such
circumstances, an RAR antagonist like BMS-189453 that
maintains anti-AP-1 properties could be the preferred profile
for effective RA treatment by retinoids. Clearly, more work
needs to be done to define the mechanism by which BMS-
189453 acts in arthritis models.

In summary, BMS-189453 demonstrated significant effects
in 2 animal models of arthritis by delaying the onset of arthri-
tis and limiting the clinical symptoms to inflammation of the
soft tissue without progression to joint distortion. The effects
of BMS-189453 on joint inflammation are dissimilar to pred-
nisolone, a glucocorticoid, which significantly reduced the
soft tissue inflammation as well as the more severe joint dam-
age associated with arthritis. Histological analysis revealed
that BMS-189453 was as effective as prednisolone at inhibit-
ing joint destruction. A less striking effect was observed when
BMS-189453 was given to mice with established arthritis,
suggesting that treatment early in the course of the disease is
most beneficial. Studies on synovial fibroblasts in culture and
mRNA extracted from the limbs from CIA mice indicate that

—| Personal, non-commercial use only. The Journal of Rheumatology Copyright © 2003. All rights reserved.

l—

Beehler, et al: Retinoid antagonist in arthritis

361

Downloaded on April 17, 2024 from www.jrheum.org


http://www.jrheum.org/

the reduction in arthritis symptoms likely involves a suppres-
sion of collagenase-3 and stromelysin-1 expression, presum-
ably mediated by an AP-1 transrepression mechanism.
Despite the seeming ambiguity regarding the mechanism of
action of BMS-189453, the results reported here strongly sup-
port the continued investigation of this novel compound as a
therapeutic intervention for the treatment of RA.
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