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Recent advances in two-photon microscopy, fluorescence labeling techniques and genetically encoded calcium indicators 
have enabled us to directly record the structural and functional changes in neurons and glia, and even at synapses, in the 
brain of living animals. Long-term in vivo two-photon imaging studies have shown that some postsynaptic dendritic spines 
in the adult cortex are rapidly eliminated or newly generated, in response to altered sensory input or synaptic activity, re-
sulting in experience/activity-dependent rewiring of neuronal circuits. In vivo two-photon Ca²⁺ imaging studies have re-
vealed the distinct, input-specific response patterns of neurons and astrocytes in the brain. These updated in vivo ap-
proaches are now being widely used for the study of pathophysiological mechanisms of neurological diseases. In this talk, 
I will introduce my previous and ongoing works in the last decade, focusing on in vivo two-photon microscopy imaging of 
synaptic structures, glia, and neuronal calcium in living mouse brain for research in various fields of neuroscience. 
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