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The weight-bearing exercises help to build bones and to maintain them strength. On the other hand, bone loss
with bedridden and space flight are well known as essential problems. Bone is constantly renewed by the
balanced action of osteoblastic bone formation and osteoclastic bone resorption both of which mainly occur at
the bone surface. This restructuring process called "bone remodeling™ is important not only for normal bone
mass and strength, but also for mineral homeostasis. During bone remodeling, resorption by osteoclasts precedes
bone formation by osteoblasts. Based on the fact that osteocytes are embedded in the bone matrix and these
cells extend dendrites that communicate with adjacent cells, it has been proposed that osteocytes control bone
remodeling by sensing and response of mechanical stimuli. However, the molecular basis for the regulatory
mechanisms underlying bone remodeling in response to mechanical stimuli has not been sufficiently elucidated.
Based on this novel concept of a regulatory mechanisms mediated by osteocytes in response to mechanical
stimuli (the “osteomechano-cascade™), we plan to investigate the biological systems of osteocytes through
approach combined with comprehensive analysis and sophisticated genetically modified mouse system. This
project will not only enable a better understanding of the regulatory system of higher biological functions of
bone remodeling, but also provide a molecular basis for developing new therapeutic strategies for various bone
diseases.

Since last year, Molecular biology approach-arm is constructing in vivo mechanical loading/ unloading model.
From construction of the in vitro mechanical stress experiment of osteocytes, we have performed the exhaustive
analysis of all genes accompanying the mechanical environmental change. So, the foundation for identifying
osteomechano-cascade molecules has been established. Especially, we have established an in vivo orthodontic
mechanical force-induced tooth movement model and a novel isolation method of periodontal tissue component
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cells from alveolar bone. Using newly established methods and conditional KO mice, we identified that
osteocytes expressed an osteomechano-response factor in periodontal tissue. Importantly, neutralizing antibody
against osteomechano-response factor resulted in a significant reduction in orthodontic mechanical force-
induced tooth movement. These results suggest that local application of drugs targeting osteocytes would help
in anchorage management of orthodontic treatment more specifically by regulating the expression of
osteomechano-response factor. Thus, in this year, we provide in vivo evidence for the key role of osteocyte-
derived osteomechano-response factor in alveolar bone remodeling, establishing a molecular basis for
orthodontic force-mediated bone resorption regulated by osteocytes.

The Biomechanics Approach-arm has been contributing to the basic understanding of the mechanism of
homeostatic behaviors of the osteomechano-cascade and its catastrophic breakdown through the biomechanical
approach combined with mathematical modeling and computer simulation. After the profound discussion
between two Approach-arms, we developed a basic theoretical framework for multiscale biomechanics of bone
remodeling, in which spatiotemporal dynamics of the osteomechano-cascade were mathematically modeled by
expressing the coupling effects of mechanocascade molecules with mechanical forces acting on osteocytes. In
particular, osteomechano-sensing by bone cells and their communication were involved as key factors to
understand the multiscale system dynamics of bone remodeling. In addition, basic ideas in designing in vitro
experiment for single-cell mechanosensing and ex vivo organ-culture experiment for osteomechano-response
were discussed.
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