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. Elucidation of the significance of semaphorin signaling in the maintenance of bone homeostasis.

Through the analysis of nerve-specific semaphorin 3a (Sema3A) deficient mice, we have
previously demonstrated that the sensory nervous system plays an important role in the
maintenance of bone mass. However, the regulatory mechanism of bone metabolism by the sensory
nervous system via Sema3A signaling is not well understood. Therefore, we have established
several tissue-specific Sema3A deficient mice and performed bone structural and histological
analysis. In addition, as neuropilin-1 (Npn1) is thought as a receptor of Sema3A, we have also

established several tissue-specific Npnl deficient mice and examined their bone mass.

2. Identification of mechanical stress-sensing mechanism in bone
Bone is thought to be an organ that senses mechanical stress and maintains bone homeostasis,
but its sensing mechanism remains unclear. So, we investigated the role of mechanical stress in
the neurogenesis or vasculogenesis in bone using hindlimb unloading mouse model by tail
suspension. We demonstrated that tail suspension induced a remarkably decreased bone mass as

well as a reduction in neurogenesis. We have also established several mouse models in which the
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sensory nervous system is activated or impaired and performed bone structural and histological
analysis. In addition, in order to analyze the relationship of nerve, blood vessel, and bone

metabolism three-dimensionally, we advanced the development of a novel bone clearing technique.

3. Elucidation of sensory neural pathway in bone
We have recently revealed that sensory nerves inside bone have a crucial role in regulating bone
mass, but the sensory neural pathway in bone is unknown. So, we performed neuronal tracing
experiments using various neuronal tracers to identify the neural pathway connecting sensory
nerves with bone tissue. In a recent experiment, a virus tracer expressing EGFP was administered
into the bone marrow of mouse tibia. Three days after the virus injection, a lot of GFP-expressing

neurons were observed in DRG on the same side as the injection site.

4. Elucidation of the regulatory mechanism of energy metabolism by vitamin D
We demonstrated that intracerebral administration of vitamin D into obesity model mice
suppressed body weight gain and increased energy expenditure. Moreover, we also established
various tissue-specific vitamin D receptor (VDR) deficient mice and performed multidimensional

analyses including bone analysis, metabolic analysis, and brain function analysis.
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