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The mammalian central nervous system generally has poor regenerative capacity, and
it is extremely difficult to recover its original state and function when neuronal cells
(neurons) are degenerated or neural circuits become aberrant under the injury or pathological
conditions. However, recent studies have shown that even in the postnatal and adult mammalian
brain, neural stem cells exist in specific brain regions, such as the hippocampus and lateral
ventricles, and that neurogenesis occurs constantly. In addition, with the development of iPS
cell and pluripotent stem cell culture techniques and methods for inducing neuronal
differentiation from these cells in vitro, approaches that aim at functional recovery through
regeneration of neural circuits by cell transplantation of these induced neurons in the brain
injury or pathological conditions are also being intensely researched and developed

Therefore, in order to link these regenerative medicine findings and regenerative/cell
transplantation medical technologies to the repair of neural circuits and recovery of brain
functions in mammals including humans, it is considered necessary to develop technologies
that can facilitate the incorporation of newborn/regenerated neurons into remaining neural
networks and their contribution to functional modification. However, the development of
methods to specifically target new or regenerated neurons and actively and artificially
promote their incorporation into the neural functional network, leading to the recovery of
cognitive function, is still insufficient. Therefore, in this research project, we developed
an experimental system and protocols to intervene and manipulate newborn and regenerated
neurons using optogenetics while monitoring the neural activity of not only the newborn and
regenerated neurons but also the surrounding neurons to promote their integration into the
neural functional network.

The novel technology to improve cognitive function and behavioral expression by
increasing the incorporation of new and regenerated neurons into the neural network
responsible for specific cognitive functions through optical manipulation in the mammalian
brain, as conducted in this project, is expected to lead to the realization of a novel
method of regenerative medicine that enables the regeneration of brain functions in
pathological brains such as aging, AD, stroke, and brain damage, aiming for clinical
application to humans in the future. This new technology is expected to lead to the
realization of a novel method of regenerative medicine that enables the regeneration of
brain functions in pathological brains such as aging, AD, and brain infarction, as well as
in damaged brains. In this research project, mice were used as the model for research and
development, but in the future, approaches such as validation using non—human primate
models and 7n silico simulation platforms such as digital brains are expected to identify
the point of action of functional manipulation of new and regenerated neurons and to

perform more efficient artificial manipulation.



