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INTRODUCTION RESULTS

Current treatments for osteoporosis generally Overall Effects

fall into one of two categories: 1) anti-

resorptive drugs that inhibit resorption, such = High dose (CH) led to significantly

as bisphosphonates! (e.g. alendronate), and larger bones in length and cross-

2) anabolic drugs that promote bone sectional area (Fig 2).

formation, such as parathyroid hormone

(PTH)2. However, inhibiting resorption Conjugate treatment resulted in oy

eventually also suppresses formation, and dose-dependent increase in Fig 2. Photograph of right femurs.

long-term use of PTH has been associated trabecular bone formation and

with osteosarcoma in rats®. Better cortical porosity (Fig 3). 000 OV sesuhet i sarfeantwasecla bone o compares o v Clowas
approaches are thus needed. comparable to PG in trabecular bone formation, but CH was excessive.

Prostaglandin E, (PGE,) is a locally acting fatty
acid derivative that has bone-anabolic effects Effects on Trabecular Bone
in vivo*1°, but its use is hampered b o X u 7
S 0 P Y . CH resulted in increased osteoid | teckVOlume (o0 / ; , ferenMineraingattace 15725
systemic side effects'®. PGE, acts on bone via | but ¢ osteoid vol % —_
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synthetic EP4 receptor agonists have also \l/)vas uncrange((;_djelt;th@helr) total 2o l I
been shown to promote bone formation in one volume {Fig & lejt pane). L l &
vivo, although systemic administration of Voovoa BRe

. . X N CL led to elevated bone formation
such agonists still results in unwanted side .
10,12.14 relative to OV, comparable to or aouss
effectsi012:14,

exceeding PG levels. EA resulted in ‘:ﬂz
Exploiting the bone-binding property of decreased bone formation (Fig 4 Q“""'
bisphosphonates, our approach delivers the right panel). ...,.,, l
EP4 agonist (EP4a) directly to bone sites by

linking it with alendronate (ALN)®. This study Conjugate treatment led to dose-
investigates the in vivo effects of the ALN- dependent increase in trabecul. Fig 4. lcified histomo y of the proximal tibial metaphysis at 100X magnification. Left: Goldner’s
EPda conjugate using the ovariectomized bone volume with formation of new /e e Sumsecions, O fowsneasedrcentetead e conpaed o5 P,
(OVX) rat model of postmenopausal trabeculae, but trabecular thickness prevented quantification. OVX resulted in increased MS/BS, confirming elevated turnover. *p<0.05 as indicated,
osteoporosis. was not increased (Fig 5). **p<0.05 compared to each of the other groups. Mean  SD.
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Vertebral trabecular BMD was dose-dependently increased due to conjugate treatment, but this did not translate into increased

Conjugate Mechanism of Action: X X ’ N _ N 8 >
material strength (ultimate stress) despite greater load-bearing (ultimate load) under compression testing (Fig 6).
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Fig 1. Mechanism of action of ALN-EP4a conjugate. Step 1):

Reversibly conjugate ALN with EP4a and systemically administer the

compound. Step 2): ALN binds to bone mineral and “delivers” EP4a to

bone site. Local hydrolytic enzymes in the bone environment cleave Fig 5. Micro-computed tomography (microCT) of secondary spongiosa in 6% lumbar Fig 6. Left: Volumetric BMD computed from microCT for the 6 lumbar vertebrae.

the conjugation link to liberate EP4a. Step 3): EP4ais freed to vertebrae scanned at 11.6um voxel size using the Skyscan 1174 system. OV is BMD was computed for the secondary spongiosa including marrow space (Tissue),

stimulate bone formation, while ALN remains bound to bone. decreased in bone volume and trabecular number relative to SV, resulting in and trabeculae only (Trabecular Bone). Increase in BMD was not significant for CL.
increased trabecular separation. Conjugate treatment led to dose-dependent increase  Right: Vertebral compression results. *p<0.05 as indicated, **p<0.05 compared to
in bone volume and trabecular number compared to OV, but this is not significantin  each of the other groups. Mean + SD.

e CL. Bone volume in conjugate-treated groups is comparable to or exceeds that of PG.
ot #p<0.05 as indicated, **p<0.05 compared to each of the other groups. Mean  SD.
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ﬁﬁln@f Effects on Cortical Bone

= Conjugate treatment led to dose-dependent periosteal and endocortical bone formation and increased cortical porosity,
which led to reduced BMD in the CH group (Fig 7 & Fig 8 left panel). Load-bearing (ultimate load) was improved in CH due to
large size, but material strength (ultimate stress) is decreased (Fig 8 right panel).
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In this curative experiment, three-month-
old female Sprague-Dawley rats were ]
ovariectomized, allowed to lose bone for 6 ovoa o
weeks, then treated for 6 weeks. Cortical Porosity

T Hsenrax
Calcein green was injected as a fluorescent I

marker for bone formation at 12 and 2 days
before sacrifice.

Treatment effects on tissue-level
remodeling, bone density, and bone Fig 7. MicroCT images of 1mm thick section in femoral mid-diaphysis scanned at
strength were evaluated. 11.6um voxel size, with color rendering for density.

Fig 8. Left: MicroCT results for femoral mid-diaphysis. Right: Mechanical
properties for three-point-bending test. **p<0.05 compared to each of the
other groups. Mean  SD.

Table 1. Animal treatment groups. SV and OV are negative controls, PG

is positive control for bone formation, and EA.is control for conjugation. DISCUSSION

SQ=subcutaneous injection; IV=intravenous injection. *CH group was
given 25 mglkg injection in week 1 of treatment, but dosage was reduced
10 15 mahkg a biwsekly infervals n weeks 2,4, 6 due to sid efecs. Conjugate treatment promoted trabecular bone formation = Conjugate treatment increased cortical bone turnover in a
Group n  Treatment Route Frequency "ﬁl'::“’ in a dose depen(?ent manner, and mcreésgd both . dose-dependent manner, with periosteal and endocortical
Sham Operated osteoblast recruitment (MS/BS) and activity (MAR). This bone formation and elevated cortical porosity. This
sV "o Vehide Daily ° resulted in elevated trabecular bone volume by addition of increased the load-bearing ability but compromised the
oo 12 vetioe Weeky 0 new trabeculae, which improved the tissue-level BMD in material strength of diaphyseal cortical bone in the high
the high dose group but did not significantly affect bone dose group.
strength, possibly due to short treatment duration.

C""’“ga:a"’“w”m 12 5mgkg Weekly — 5mghkg

C""J“gﬂ"%:"g" Dose 15 mglkg Biweekly' 15 mgkg
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