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Abstract: The most rigorous scenario for testing a candidate rheumatoid arthritis therapeutic would be to use clini-
cally relevant biomarkers and readouts to monitor disease development in an animal model that has a mechanism
of disease that reflects the human condition. Treatment should begin when the full spectrum of arthritic processes,
including bone damage, is present. We have tried to take this approach to evaluate a novel EP4 receptor antagonist
(ER-886046) for its anti-arthritic potential. This work aimed not only to test a potential drug, but to also demonstrate
a strategy for performing a more clinically relevant evaluation of future candidate arthritis treatments. A variety of
biomarkers including: radiographic evaluation, clinical scoring, histology analysis, F4/80 macrophage immunohis-
tochemistry, luminol bioluminescent imaging and **"Tc-MDP-SPECT imaging were evaluated as disease readouts in
the mouse anti-collagen antibody induced arthritis model (CAIA). CAIA mice were treated either prophylactically or
therapeutically with ER-886046 and the compound’s efficacy was probed using the various biomarkers and com-
pared to the reference drugs prednisolone and celecoxib. The various biomarkers effectively measured different
aspects of arthritis pathology and consistently demonstrated the efficacy of ER-886046. The compound was found
to be effective even when dosed therapeutically after bone damaging processes had initiated. The results presented
herein demonstrate how biomarkers and a clinically relevant experimental design can be used to evaluate a candi-
date therapeutic. Utilization of clinically relevant biomarkers may provide a means for more translatable pre-clinical
testing of candidate therapeutics and may provide information on their mechanism of action.
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Introduction

A variety of methods can be used in humans
and mice for monitoring rheumatoid arthritis
(RA) and its various pathological manifesta-
tions and it is important to choose the most
appropriate ones for determining drug efficacy.
Detecting bone damage can best be accom-
plished using imaging technologies such as
X-ray and °°"Tc-MDP-SPECT and both of these
methods are used clinically. Radiographically
detectable bone damage is the benchmark for
assessing RA and prevention of RA-associated
bone erosions and joint destruction is the gold
standard by which treatments are evaluated
[1]. Optical bioluminescent imaging is another
technology that can be used in preclinical stud-

ies to detect inflammation and a recent report
has suggested these methods can discriminate
between DMARD and non-DMARD treatments
[2]. A measurement used in clinical trials for
assessing arthritis is CD68 immunohistochem-
istry (IHC) of joint biopsies. Infiltration of CD68
positive macrophages has been reported to
give an accurate indication of drug efficacy in
clinical trials [3]. IHC analysis for F4/80 macro-
phages in mouse paws is an analogous mea-
surement that can be performed in preclinical
studies and is a surrogate for CD68 staining in
humans. Histological analysis of joint damage
is another technique for assessing arthritic
damage in humans and mice and can provide
further insight into disease pathogenesis.
Combined, these techniques can provide a
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great deal of information about a compound’s
anti-arthritic activity and its mechanism of
action and by employing them in preclinical
studies a candidate therapeutic may be accu-
rately assessed for its potential clinical effica-
cy. However, these highly relevant techniques
are not always used in preclinical drug evalua-
tion studies and thus there is an opportunity to
make preclinical drug evaluation studies more
translatable and predictive.

The production of PGE, downstream of the
enzyme cyclooxygenase (COX) has been associ-
ated with inflammation as PGE, can activate
multiple inflammatory cells. Much of the inflam-
matory activity of PGE, is through activation of
the EP4 receptor. Activation of EP4 has been
demonstrated to stimulate T cell activity [4] as
well as innate immune cells such as DCs [5, 6].
Furthermore, preclinical studies have suggest-
ed that activation of the EP4 receptor may play
a role in several diseases including multiple
sclerosis, dermatitis, colitis, and arthritis [7]
and an EP4 polymorphism has been associated
with an increased risk for multiple sclerosis [8]
and Crohn’s disease [9, 10]. Using EP4 antago-
nists and knockout mice it has been shown
that blocking activation of the EP4 receptor can
reduce arthritis development in models of
arthritis such as mouse collagen-induced
arthritis (CIA) [5, 11], rat adjuvant arthritis [12-
14], mouse G6PIl-induced arthritis [5] and col-
lagen antibody-induced arthritis (CAIA) [15].
Thus, targeting EP4 with an antagonist may be
a strategy to provide medical benefit for several
different indications, particularly RA. We have
endeavored to produce an EP4 antagonist with
drug-like properties that may be used for sev-
eral indications, but have focused here on eval-
uating its potential as a rheumatoid arthritis
(RA) treatment.

The goals for the work presented in this report
were to first determine if clinically relevant bio-
markers could be employed in a way that could
increase the translatability of preclinical drug
evaluation studies and second to test a new
candidate drug molecule for its anti-arthritic
potential. Despite the positive results of stud-
ies published so far showing the potential for
EP4 antagonism in treating RA, they have not
mimicked the clinical situation where an EP4
antagonist would be used for therapeutic treat-
ment as treatment has been initiated before
bone damaging processes are occurring. Thus,
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we tested the anti-arthritic activity of
ER-886046 in a mouse model of arthritis using
both prophylactic and therapeutic dosing regi-
mens and unlike earlier arthritis drug evalua-
tion studies, we have not begun treatment until
bone damage has reached measurable levels.
We have used several clinically relevant imag-
ing techniques and biomarkers to show that
ER-886046 can reduce the progression of
arthritis even when dosed therapeutically after
bone damage has begun. Thus, this report
demonstrates not only the therapeutic poten-
tial of a particular molecule, but shows how
clinically meaningful markers and techniques
can be used preclinically in combination to
evaluate a candidate therapeutic’s potential.

Methods
Radioligand EP4 binding assay

The radioligand EP4 binding assay was per-
formed using ChemiScreen recombinant
human EP4 receptor membrane preparations
from Millipore (Billerica, MA) or recombinant
mouse EP4 receptor membrane preparations
from GenScript (Piscataway, NJ) according to
the manufacturer’s instructions. Briefly, mem-
branes prepared from Chem-1 cells overex-
pressing human EP4 (Millipore) or U20S cells
overexpressing mouse EP4 (GenScript) were
mixed with 1.8 nM [3H]-PGE2 and 5 yM unla-
beled PGE, in the presence or absence of vari-
ous concentrations of ER-886046 in binding
buffer (50 mM HEPES, pH 7.4, 5 mM MgCl,, 1
mM CaCl,, 0.2% BSA) in a nonbinding 96-well
plate and incubated for 1 hr for human EP4 and
2 hr for mouse EP4 at room temperature. Prior
to filtration, a GF/C 96-well filter plate was coat-
ed with 0.33% polyethyleneimine for 30 min,
then washed with 50 mM HEPES, pH 7.4, 0.5%
BSA. Binding reactions were transferred to the
filter plate and washed 3 times with wash buf-
fer. The plate was dried and radioactivity
counted.

Cell-based EP4 antagonism assay

SE302 is a clone of the HEK293 cell line con-
taining a cAMP response element (CRE) pro-
moter that when activated drives secretion of
placental-like alkaline phosphatase (PLAP).
HEK293 cells express endogenous EP4 and
show induction of PLAP in response to PGE,
and EP4 agonists, but not EP1, 2 or 3 agonists
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[5]. Cells were maintained in DMEM/F12
(50:50) (MediaTech, Manassas, VA) supple-
mented with 10% FBS (Tissue Culture
Biologicals, Los Alamitos, CA) plus penicillin/
streptomycin. When used for assays, cells were
plated in a 96-well plate at 2x10* cells/100 pl/
well in serum-free assay medium (DMEM/F12
supplemented with 0.1% BSA plus penicillin/
streptomycin) and incubated for 4-6 hr. Cells
were then stimulated with 3 ng/ml PGE, in the
presence or absence of various concentrations
of test compound overnight and PLAP activity
was measured by mixing 15 ul of culture super-
natants with 75 pl of Lumi-phos (Lumigen, Inc.,
Southfield, MI) and 60 ul of assay buffer con-
taining 8 mM MgS0O, in 0.1 mM carbonate-
bicarbonate buffer pH 11 in a new 96-well
black plate followed by incubation for 2 hr at
room temperature. Luminescence was read
with an Envision 2102 Multilabel reader.

CAIA model

All animal studies were performed with the
approval of the the Eisai Institutional Animal
Care and Use Committee in an AAALAC accred-
ited animal facility. Mice were group-housed 5
mice per cage under controlled conditions with
a constant temperature (21-23°C) and humidity
(30-50%), a 10/14-hr light/dark cycle and ad
libitum access to water and standard pelleted
food. DBA/1 mice used for the prophylactic
treatment experiments were males from Harlan
and mice used in the therapeutic treatment
studies were males from Jackson Labs. Mice
were used at 10-11 weeks of age. The anti-col-
lagen antibody cocktail was purchased from
Chondrex Inc. (Redmond, WA) and used accord-
ing to the manufacturer’s instructions. Briefly,
mice were injected with the cocktail of anti-col-
lagen antibodies i.v. Three days later the mice
were injected with 50 pg of LPS (Sigma, St.
Louis, MO) i.p. to trigger arthritis development.
On day 10 the mice were given a second LPS
injection to promote further arthritis develop-
ment. Dosing was begun on day 4 for the pro-
phylactic dosing regimen and on day 11 for the
therapeutic dosing regimen after the mice had
been imaged by SPECT on day 10 and stratified
into groups based on their **"Tc-MDP uptake.
For dosing, all compounds were formulated in
0.5% methyl cellulose and administered orally
via gavage once per day for ER-886046 and
prednisolone and twice per day for celecoxib. In
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the prophylactic regimen ER-886046 was
dosed at 100 mg/kg and in the therapeutic
regimen it was administered at 200 mg/kg
while prednisolone was used at 1 mg/kg and
celecoxib at 15 mg/kg. Mice were scored for
clinical arthritis by 2 observers who were blind-
ed to the group assignments. Each paw was
scored on a scale of 0-4 based on signs of
swelling and inflammation.

Luminol-based bioluminescence imaging

Mice were imaged for myeloperoxidase (MPO)
activity in paws using a technique described
previously [16]. Briefly, mice were injected with
a luminol sodium salt solution (Sigma, St. Louis,
MO) i.p. 200 mg/kg and then anesthetized
using 1.5% isofluorane. Twelve minutes after
the luminol injection mice were imaged for bio-
luminescence using the IVIS Spectrum imaging
system (Caliper Lifesciences, Hopkington, MA).
Bioluminescence in the hind paws was quanti-
tated using the Living Image software
program.

99mTe-MDP-SPECT imaging

A preliminary pilot study was used to generate
time-activity curves showing the uptake kinet-
ics of ®*"Tc-Medronate (MDP) in the CAIA mice.
These data showed that MDP uptake reaches a
steady-state by 50-60 minutes post-injection
and remains constant between 1 and 3 hours
post-injection. A multi-mouse bed (Minerve,
France) was used to increase imaging through-
put for this study by facilitating image-acquisi-
tion on 3 mice simultaneously. MDP was admin-
istered by i.v. injection via the lateral tail-vein.
Mice were injected in groups of 3 with all 3
injections taking place within a span of 2-3 min-
utes. Subjects were awake during tracer admin-
istration and were returned to their cages after
injection to serve an uptake period. Each sub-
ject received 1.6 mCi of °°*"Tc-Medronate in
200 pL. For each injection, the syringe contain-
ing °°"Tc-MDP was assayed before and after
injection using a CRC-25 dose calibrator
(Capintec, Ramsey, NJ). The time of each assay
was recorded along with the time of injection to
allow accurate calculation of the injected dose.
Anesthesia was induced using 3% isoflourane
in oxygen (2 L/min) at 50 minutes-post injec-
tion. Anesthetized subjects were transferred to
the animal bed on the NanoSPECT/CT®
(Bioscan, Washington, DC) in the prone posi-
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Figure 1. ER-886046. The chemical structure of ER-
886046 is shown (A) along with the compound’s
ability to block the binding of radiolabeled PGE, to
either mouse or human recombinant EP4 (B). The
functional cellular activity of the compound was also
evaluated and Figure 1C illustrates the ability of ER-
886046 to block PGE, activation of a reporter gene.

tion. Anesthesia was maintained using 2% iso-
fluorane for the duration of image acquisition.

A planar X-ray scan was used to set the scan
range for CT and SPECT acquisitions. The scan
range for image acquisition was set to include
the hind paws and ankles only. CT and SPECT
acquisition began 60 minutes post-tracer injec-
tion. The SPECT scan employed 24 projection
angles, 200 second exposure time per projec-
tion, yielding a 20 minute scan time. SPECT
data were reconstructed using HiSPECT soft-
ware (Scivis Gmbh, Germany). A quantitative
calibration was performed prior to the begin-
ning of the study using a dedicated mouse-
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phantom filled with a known amount of *°Tc-
Pertechnetate to facilitate absolute
quantification of radioactivity measured in-vivo.
The percent injected dose was calculated for
each paw and wused as the unit of
measurement.

Histology and F4,/80 immunohistochemistry

At the end of the study mice were euthanized
and the hind paws fixed in formalin. Paws were
decalcified and sections prepared and stained
by H&E by HistoTox Labs (Boulder, CO). The sec-
tioned paws were then evaluated by a trained
veterinary pathologist. The scoring methodolo-
gy used was as follows: the metatarsal-P1
joints on the hind paws were scored to gener-
ate a composite severity score: if 3 or more
joints are affected the severity grade was multi-
plied by 2; if 2 or less joints were affected the
severity grade was multiplied by 1. The severity
grade score for each arthritis aspect was
assessed using a standardized scoring system.
Infiltration of F4/80 macrophages into paws
was determined by immunohistochemistry
(IHC) on the sectioned paws. Briefly, the sec-
tioned slides were treated for heat induced epi-
tope retrieval for 20 minutes at 95°C followed
by blocking endogenous peroxidase activity for
10 min at room temperature. The primary anti-
body (anti-F4/80, AbD Serotec, Raleigh, NC)
incubation was then performed followed by the
secondary antibody incubation and chromagen
application. A hematoxylin counterstain and
coverslipping were then performed. The sec-
tions were scored by two observers blinded to
the treatment groups on a scale of 0-4 for each
paw based on the intensity and extensiveness
of the staining.

Results

ER-886046 is a novel EP4 antagonist with
drug-like properties

The molecule evaluated in this report is an
advanced analog from a program that previ-
ously delivered other EP4 antagonist com-
pounds [5]. The structure of the molecule (ER-
886046) under investigation here is reported
in Figure 1. The compound was found to inhibit
the mouse and human EP4 receptors in binding
assays with IC, values of 371 nM and 29.3 nM
respectively (Figure 1B) with a high degree of
selectivity for EP4. Compound activity was also
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Figure 2. Example images of CAIA arthritis and experimental design. Various techniques were used to assess ar-
thritis and associated damage in the CAIA model. Shown in panel A are pictures from arthritic mice illustrating the
manifestation of the disease. Examples of images are shown for clinical arthritis scoring, luminol MPO biolumines-
cent imaging, *°"Tc-MDP-SPECT imaging, F4/80 immunohistochemistry and histology, and X-ray analysis. In panel B
the experimental design for the CAIA studies that were run are shown with the timing of the different procedures and
biomarker measurements. Also shown is the relative timing for development of the inflammation and bone damage

pathological aspects of arthritis in the CAIA model.

demonstrated in a cellular PGE, induced cAMP
reporter assay where it was found to have an
IC,, of 13 nM against the human receptor
(Figure 1C) in good agreement with the binding
IC,- Results for pharmacokinetic studies per-
formed in mice showed that ER-886046 has
good pharmacokinetic properties including an
oral bioavailability of greater than 31% and a
half-life of more than 3 hr (data not shown).
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Thus, ER-886046 is a highly selective and
potent EP4 antagonist with properties suitable
for in vivo usage.

Evaluation of biomarkers in the CAIA model
We wished to test the ability of our compound

to reduce disease in a mouse model of arthritis
and chose the CAIA model for this purpose. An

Am J Transl Res 2013;5(1):92-102
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Figure 3. Prophylactic ER-886046 treatment decreases clinical arthritis and prevents bone damage. ER-886046
treatment was begun on day 4 at the onset of clinical arthritis and the effect on arthritic paws was followed over
time by visual clinical scoring (A) and X-rays were collected on paws from mice at the termination of the study (B)
and scored for bone destruction. After being X-rayed paws were fixed in formalin and then processed for IHC analysis
for F4/80 (C) and the F4/80 staining was scored visually for intensity. In vivo imaging techniques were utilized at
different timepoints during the study. Hind paws were imaged for bioluminescence using luminol for detection of
MPO activity (D) and bone turnover in paws was detected using °°"Tc-MDP-SPECT imaging (E) Shown are means
+ SEM results from 2 experiments with 14 animals per group. *p<0.05 and **p<0.01 significantly different from

vehicle treatment.

outline of the model's procedures and time-
course for pathology is shown in Figure 2B. We
used this model in combination with several
imaging based technologies that are illustrated
in Figure 2A. The timecourse for the biomark-
ers that could be tracked longitudinally were
consistent with what pathology they were mea-
suring. The increase in luminol biolumines-
cence peaked very early in the disease and pro-
gressively dissipated (Figure 3D). This likely
reflects the rapid infiltration and subsequent
disappearance of neutrophils. In contrast, MDP
uptake was not seen until later in the disease
(Figure 3E), as would be expected, as bone
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destruction does not begin until inflammation
is well established. The clinical scoring time-
course (Figure 3A) is consistent with published
reports and this readout is likely an indicator of
inflammation and seems to be reflected in the
luminol imaging. This is notable as clinical scor-
ing is a typical readout for these drug evalua-
tion experiments and might not be reflective of
a blockade of bone damage which is clinically
important. In general, there was good agree-
ment in the results with the different bone
damage biomarkers. MDP uptake, X-ray analy-
sis, and histology all showed that bone damage
occurs in this arthritis model and that com-

Am J Transl Res 2013;5(1):92-102
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Table 1. Histology analysis of paws

Therapeutic Treatment Prophylactic Treatment
Histology scoring® Veh 886046 Veh 886046
Inflammation 23+04 1.3+0.4 40+0.6 23+0.5
Synovial Proliferation 4.0 +0.6 2.1+0.5 43+0.5 3.3+0.6
Cartilage Damage 25+0.5 1.2+0.5 42+04 2.6+0.6
Bone Destruction 25+0.6 0.5+0.3 4.8+0.6 23+0.5

3Values are mean scores + SEM.

pound treatment can block it. This seems to
indicate that ®*Tc-MDP SPECT may be a highly
useful technique as it offers the advantage of
being readily used longitudinally and is non-
invasive. F4/80 IHC and histology analysis also
were disease readouts that showed arthritis
pathology and were responsive to ER-886046
treatment.

ER-886046 suppresses arthritis and bone
damage

ER-886046 was first tested in the CAIA model
with a prophylactic dosing regimen (Figure 3).
For the purposes of this study we are defining
prophylactic as before MDP-SPECT imaging
detectable bone damage is occurring and ther-
apeutic as treatment after an increase in MDP
uptake has been detected. In these prophylac-
tic studies compound treatment was begun on
day 4, the day after arthritis development was
initiated by the LPS injection.

When dosed prophylactically, the compound
effectively prevented the development of clini-
cal arthritis (Figure 3A). However, little effect
was seen on MPO activity by luminol imaging in
arthritic paws until late in disease (Figure 3D).
Notably, ER-886046 very effectively blocked
arthritic bone damage. It was found that
ER-886046 blocked the increase in MDP
uptake as measured by SPECT (Figure 3E) and
also reduced the radiographically detectable
bone damage (Figure 3B) and histological bone
erosions (Table 1). The paw infiltration of inflam-
matory cells was found to be reduced by lumi-
nol imaging and this was confirmed by F4/80
IHC staining as ER-886046 significantly
reduced F4/80 positive cells in paws at the end
of the study (Figure 3B), indicating that macro-
phage infiltration was prevented. Histology
analysis was also used for confirmation and
(Table 1) revealed that ER-886046 could sig-
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nificantly reduce inflammation and cartilage
destruction as well as bone damage. Overall,
the biomarkers employed indicate that
ER-886046 has significant anti-arthritic activi-
ty in mice when dosed prophylactically and is
remarkably effective at preventing bone dam-
age and other arthritis associated pathological
processes.

Although a prophylactic (pre-bone damage)
dosing regimen may be a reasonable evalua-
tion of a compound’s anti-arthritic potential, we
wished to test our compound in a therapeutic
dosing regimen which intervenes late in the
effector phase and is a more relevant evalua-
tion of its clinical potential. We tested
ER-886046 in a therapeutic regimen where
arthritis was already established and bone
damage was already underway (Figure 4) and
used the RA treatment drugs celecoxib and
prednisolone as comparators. In these studies
dosing was begun on day 11 when clinical
arthritis was nearly at its peak. Mice were
imaged for **"Tc-MDP uptake by SPECT on day
10 to detect bone turnover and were stratified
to treatment groups based on this measure-
ment. Treatment was then initiated on day 11.

In the therapeutic dosing regimen both
ER-886046 and prednisolone significantly
reduced signs of clinical arthritis (Figure 4A)
while celecoxib had a weaker effect. Likewise,
prednisolone and ER-886046 effectively
reduced F4/80* macrophage infiltration (Figure
4C) while celecoxib was ineffective. This is like-
ly to be a significant finding as the mouse F4/80
marker may be considered a surrogate for
human CD68 macrophage staining and CD68
staining in synovial biopsies has been closely
linked to treatment response in clinical trials
[3]. However, all 3 drugs showed some activity
in blocking radiographic bone damage (Figure
4B) (although without statistical significance).

Am J Transl Res 2013;5(1):92-102
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Figure 4. Therapeutic treatment with ER-886046 or standard of care drugs. Arthritis was induced in mice and
allowed to develop to near its clinical peak as determined by visual clinical scoring (A). When SPECT detectable
changes were noted (day 11), mice were stratified into groups and treatment with ER-886046, celecoxib or pred-
nisolone was begun (A). X-rays were collected on paws from mice at the termination of the study (B) and the X-rays
were scored for bone destruction. After being X-rayed paws were fixed in formalin and then processed for IHC analy-
sis of F4/80 (C) and F4/80 staining was scored visually for intensity. Longitudinal in vivo imaging was performed
throughout the study. Hind paws were imaged for bioluminescence using luminol for detection of MPO activity (D)
and bone turnover in paws was detected using **"Tc-MDP-SPECT imaging (E). Shown are means + SEM results from
2 experiments with 14 animals per group. *p<0.05 and **p<0.01 significantly different from vehicle treatment.

When we compared ER-886046 to predniso-
lone using the exploratory imaging techniques
it was found that only prednisolone reduced
MPO activity in paws as determined by luminol
imaging (Figure 4D) (the limited throughput of
the imaging techniques only allowed for com-
parison of two compounds). Both prednisolone
and ER-886046 reduced (although without sta-
tistical significance) MDP uptake and the effect
seemed to be more pronounced at the last
timepoint, suggesting the compounds require
time to be effective (Figure 4E). Histology anal-
ysis (Table 1) showed that there was a notewor-
thy reduction in bone destruction with
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ER-886046 and although ER-886046 also
showed a trend toward reducing other histologi-
cal readouts such as inflammation and carti-
lage damage, the effects on bone damage and
synovial proliferation were most pronounced.
These results show that ER-886046 performs
well in a therapeutic setting and demonstrate
the utility of employing a variety of biomarkers
to effectively evaluate a candidate drug.

Discussion

Despite significant investments by the pharma-
ceutical industry in developing new RA thera-
peutics many patients are or become refractory

Am J Transl Res 2013;5(1):92-102
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to available treatments and this disease can
still be considered an unmet medical need. We
have aimed to address this need by develop-
ment of an EP4 antagonist and present work
herein characterizing a candidate drug. More
broadly, we hoped to contribute to the arthritis
drug development field by demonstrating the
applicability of clinically relevant biomarkers to
preclinical studies to hopefully make them
more translatable.

One of the difficulties in using typical animal
drug evaluation studies to predict efficacy in
humans is that the clinical biomarkers and end-
points are lost in translation. In our studies we
have employed several clinically used RA mea-
surements to evaluate the activity of our candi-
date drug in the CAIA mouse model that is
believed to replicate many aspects of the
human effector phase of RA. This model gener-
ates disease via injection of an anti-collagen
antibody cocktail followed by injections of LPS.
The inflammatory response that follows anti-
body binding and LPS activation is innate
immunity driven and best models the effector
phase of RA [17] and likely involves processes
involved in the pathogenesis of human RA such
as antibody deposition and Fc receptor activa-
tion, recruitment of leukocytes to the joints and
synovial proliferation, complement activation,
angiogenesis, and production of a variety of
inflammatory cytokines that combine to medi-
ate joint damage [17].

In our studies a variety of readouts and bio-
markers were used to monitor disease.
Radiographic assessment of bone damage pro-
gression is currently the gold standard for clini-
cally assessing RA treatment and we employed
this endpoint measurement to show the effect
of our compound on erosive bone damage. We
also used °°"Tc-MDP-SPECT imaging, which is
clinically approved, to assess bone damage
and evidence suggests that this technique is a
sensitive tool that can be used for monitoring
active arthritis in joints of RA patients [18]. By
using this technique we were able to ascertain
when erosive damage was beginning in our
mice and could follow them longitudinally to
determine the impact of drug treatment. This is
a clinically relevant scenario and the use of
°9mTc-MDP-SPECT imaging may be a more sen-
sitive and responsive measurement of bone
damage than X-ray, which takes a longer time
for changes to manifest. In our studies
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ER-886046 demonstrated an ability to reduce
bone damage. Given the clinical importance of
reducing bone damage this is a significant find-
ing for ER-886046. This suggests that EP4
antagonism may have important effects on
bone damaging processes and further study on
which cell types are affected by compound
treatment in arthritic joints are warranted.

We have used other biomarkers and readouts
to assess arthritis progression and to probe the
mechanism of action of our compound. We not
only used the classical visual scoring of clinical
arthritis, but other newer techniques as well.
We used luminol based bioluminescence imag-
ing to detect MPO activity [16] and phagocyte
infiltration of paws. Luminol has recently been
shown to be a substrate for MPO that when
metabolized leads to the production of light
which can be measured in live animals using
commercially available imaging systems [16].
We found that MPO activity is significantly ele-
vated in arthritic paws early in the timecourse
of CAIA and parallels the clinical signs of inflam-
mation. However, treatment with ER-886046
gave a weak reduction in this readout. This is
likely due to the fact that neutrophil infiltration
is a very early event in the disease and com-
pound treatment may require longer to affect
this process. In contrast, prednisolone treat-
ment showed a more robust ability to decrease
MPO activity and this was also accompanied by
a larger decrease in clinical scoring of paw
inflammation. However, both compounds
reduced the infiltration of F4/80 positive mac-
rophages. This may be because the macro-
phages arrive later in the disease and treat-
ment has already begun to reduce production
of chemoattractants or because compound
treatment is directly affecting macrophages.
The reduction of these cells with compound
treatment is an important observation as
reduction in CD68 positive macrophages in RA
joint biopsies has been associated with posi-
tive clinical responses in patients [3]. There
may be effects on specific cell populations with
ER-886046 treatment as there was a discon-
nect between MPO imaging, F4/80 IHC, and
the histology inflammation scores. Furthermore,
this suggests that neutrophils may not be
required for bone destruction in this model.

The idea of treating RA by antagonism of EP4 is
supported by a solid base of literature reports
indicating that in preclinical models blocking
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EP4 activity can prevent arthritis development
[5, 11-15]. Cumulatively, the data here indi-
cates that ER-886046 is therapeutically effec-
tive for reducing arthritis in the effector phase
and suggests the mechanism of its activity. We
compared our compound to the reference
drugs prednisolone and celecoxib to try and
validate the CAIA model’s ability to replicate the
effects of the drugs in humans. Consistent with
known clinical efficacy celecoxib appeared to
have weaker effects than prednisolone as it did
not effectively reduce arthritis scores or F4/80
macrophage infiltration. However, celecoxib did
show a trend toward reducing radiographic
bone damage, suggesting that possibly not all
aspects of the human disease are translatable
to the CAIA model. It is also important to note
the significant reduction in efficacy when
ER-886046 is dosed therapeutically instead of
prophylactically. Even though there was a
decrease in efficacy, it is important to evaluate
candidate compounds by therapeutically dos-
ing them as this is the more clinically relevant
scenario. The anti-arthritic activity of
ER-886046 shown here combined with its ben-
eficial effects in multiple cell types relevant to
RA pathogenesis suggests that it has the
potential to be therapeutically beneficial.

The results presented here demonstrate how
clinically relevant biomarkers not typically uti-
lized in preclinical studies can be used to char-
acterize an EP4 antagonist with drug-like prop-
erties that effectively blocks arthritis disease
progression even when dosed therapeutically.
We have employed clinically relevant methods
and biomarkers to evaluate our compound and
offer this as an example of a hopefully translat-
able program for assessing candidate thera-
peutics’ chances for successful RA treatment
in humans. Although animal studies do not fully
replicate human disease, we anticipate that
employment of the biomarkers presented here
will improve the predictive power of animal
arthritis drug evaluation studies.
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