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7. Background of Research

W9 peptide (W9) was originally designed to mimic a critical binding site of TNF- « on
TNF type 1 receptor (TNFR1) and antagonized the TNF-o. and TNF receptor interaction.
Subsequently, W9 has been proven to bind with RANKL by BIAcore and molecular modeling (J
Clin Invest. 2006; 116 (6): 1525-15349), blocking the RANKL-induced bone resorption activity
and osteoclastogenesis.

WPOQY peptide (W9), which is an inhibitor of bone resorption, was found to simulate
bone formation. Subcutaneous injections of W9 promoted the bone mineral density (BMD) and
mineral apposition rate of femur in mice. Furthermore, we found that subcutaneous injections of
W9 (10 mg/kg) accelerated BMP-2-induced ectopic bone formation (J Biol Chem, 2013; 288(8):
5562-5571). When W9 was applied locally with BMP-2, I found that the W9 accelerated ectopic

bone formation. In order to clarify the stimulatory mechanism of W9 on ectopic bone formation, I



used TNF-a deficient and TNFR1-deficient mice since W9 binds to TNF-o and was designed from
the binding site on TNFR1. We found that the local administration of WO enhances
BMP-2-induced ectopic bone formation even in the TNF-a deficient and the TNFR1-deficient
mice to the same extent as in wild-type mice. These results suggest that the stimulatory
mechanism of W9 on bone formation is regulated by a mechanism other than antagonizing TNF-o,
action (Khan et al. J Oral Biosci 2013; 55, 47-54). Since W9 is proven to bind to RANKL as well
as TNF-o, the stimulatory mechanism of W9 might be involved in the RANKL-dependent signals.

Some TNF superfamily members are known to act as bidirectional signaling molecules
that generate intracellular reverse signaling (Nat. Neurosci 2013; 16, 865-873). The
RANKL-binding peptides W9 can stimulate osteogenic activity in osteoblasts (BioEssays 2016;
38, 717-725). Therefore, osteoblastic RANKL potentially acts as a physiological osteogenic
signal acceptor. RANK, is a transmembrane protein that is expressed in the osteoclastic lineage.
Recent reports suggest that osteoblasts that are not in direct contact with osteoclasts at the
resorption pit contribute to new bone synthesis during bone remodeling. A lack of cell—cell
interactions between osteoblasts and osteoclasts during the bone remodeling process is also
implied by the minor contribution of osteoblasts to physiological RANKL provision. In addition,
osteoclast-derived semaphorin 4D inhibits osteoblast migration to the resorption pit, suggesting
that osteoclasts cannot stimulate RANKL reverse signaling in osteoblasts through direct
interactions. However, maturing osteoclasts (maturing osteoclasts) secrete small extracellular
vesicles (SEVs) that contain RANK. Therefore, it is possible that RANKL reverse signaling in
osteoblasts is activated by SEVs, which is secreted from osteoclasts.

In our present study, we tested RANKL reverse signaling in osteoblasts is activated by

vesicular RANK, which is secreted from osteoclasts.

8. Research methodology

The osteogenic potency of mOC-SEV was evaluated using a mouse calvarial defect
model according to previously described methods (Endocrinology 2010; 151: 4626-4634). In brief,
recombinant human BMP-2 (1 pg, Bioventus) or mOC-SEVs (50 pg) were added to gelatin
hydrogel sheets (4 mm diameter). A calvarial defect was generated on the left parietal bone of
S-week-old male C57BL/6 mice (Clea Japan) using a biopsy punch (Kai Industries; 3.5 mm); a
gelatin hydrogel sheet was placed on the defect. To measure bone formation parameters, calcein
(Sigma-Aldrich; 40 mg/kg) and demeclocycline (Sigma-Aldrich; 20 mg/kg) were administered on
days 18 and 25 after implantation, respectively, and mice were killed on day 28. Calvariac were
fixed in phosphate-buffered glutaraldehyde (0.25%)-formaldehyde (4%) fixative (pH 7.4) for 3
days at 4 °C. Soft X-ray images of calvariae were acquired using a cabinet X-ray apparatus
(SRO-M50, Sofron Co. Ltd, Tokyo, Japan). Calvarial bone mineral density (BMD) and bone
mineral content (BMC) were measured by dual-energy X-ray absorptiometry (DXA, DCS-600R,

ALOKA). Standard bone histomorphometric analyses were performed using an image analysing



system (KS400, Carl Zeiss) as described previously (J. Bone Miner 2013; 28, 2-17).

9. Results/impacts
Summery of Results:
The presence of mOC-SEVs increased osteoblastic mineralization; this effect was inhibited by

RANK-masking pre-treatment of the mOC-SEVs. We

examined the effect of mOC-SEVs on bone formation in
vivo. We performed trepanation on mouse calvaria, and

placed a gelatin hydrogel sheet impregnated with

mOC-SEVs on the injury. Four weeks after the procedure,

mice treated with mOC-SEVs exhibited marked healing Modified from Nature 2018; 561. 195-200

of the skull injury, whereas mice treated with the control
gelatin hydrogel showed little or no healing. RANK-masking pre-treatment prevented this
stimulatory effect. Histomorphometric analyses measuring bone formation rate and mineralizing

surface, confirmed the upregulation of bone formation in the presence of mOC-SEVs.
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