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            Abstract
Semaphorin 3A (Sema3A) is a diffusible axonal chemorepellent that has an important role in axon guidance1,2,3,4,5. Previous studies have demonstrated that Sema3aâˆ’/âˆ’ mice have multiple developmental defects due to abnormal neuronal innervations6,7. Here we show in mice that Sema3A is abundantly expressed in bone, and cell-based assays showed that Sema3A affected osteoblast differentiation in a cell-autonomous fashion. Accordingly, Sema3aâˆ’/âˆ’ mice had a low bone mass due to decreased bone formation. However, osteoblast-specific Sema3A-deficient mice (Sema3acol1âˆ’/âˆ’ and Sema3aosxâˆ’/âˆ’ mice) had normal bone mass, even though the expression of Sema3A in bone was substantially decreased. In contrast, mice lacking Sema3A in neurons (Sema3asynapsinâˆ’/âˆ’ and Sema3anestinâˆ’/âˆ’ mice) had low bone mass, similar to Sema3aâˆ’/âˆ’ mice, indicating that neuron-derived Sema3A is responsible for the observed bone abnormalities independent of the local effect of Sema3A in bone. Indeed, the number of sensory innervations of trabecular bone was significantly decreased in Sema3asynapsinâˆ’/âˆ’ mice, whereas sympathetic innervations of trabecular bone were unchanged. Moreover, ablating sensory nerves decreased bone mass in wild-type mice, whereas it did not reduce the low bone mass in Sema3anestinâˆ’/âˆ’ mice further, supporting the essential role of the sensory nervous system in normal bone homeostasis. Finally, neuronal abnormalities in Sema3aâˆ’/âˆ’ mice, such as olfactory development, were identified in Sema3asynasinâˆ’/âˆ’ mice, demonstrating that neuron-derived Sema3A contributes to the abnormal neural development seen in Sema3aâˆ’/âˆ’ mice, and indicating that Sema3A produced in neurons regulates neural development in an autocrine manner. This study demonstrates that Sema3A regulates bone remodelling indirectly by modulating sensory nerve development, but not directly by acting on osteoblasts.
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                    Figure 1: Sema3aâˆ’/âˆ’ mice have low bone mass.[image: ]


Figure 2: Osteoblast-derived Sema3A does not affect bone mass in vivo.[image: ]


Figure 3: Neuron-derived Sema3A is indispensable for normal bone mass in vivo.[image: ]


Figure 4: Neuron-derived Sema3A is indispensable for sensory nerve innervation into bone.[image: ]
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