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The aim of this project is to clarify the underlying mechanisms of long-term remodeling of brain
functions in development and pathological conditions. Especially, we focused on the contribution of
glial cells to long-term plasticity of cortical circuits in development as well as in chronic pain. To reveal
the glia-neuron interactions, we employed long-term imaging of the structure and activity of synapses,
neurons and glial cells with 2 photon microscopy, and in vivo manipulation of glial activity. In addition,
we attempted to identify the molecules which are derived from the glia and contribute to synapse
remodeling with a combination of in vivo and in vitro approaches. The main results are as follows:

1. Roles of cortical astrocytes in chronic pain

Tissue or nerve injury induces widespread plastic changes from the periphery and spinal cord up
to the cortex, resulting in chronic pain. Although many clinicians and researchers have extensively
studied altered nociceptive signaling and neural circuit plasticity at the spinal cord level, effective
treatments to ameliorate chronic pain are still insufficient. Thus, we attempted to investigate cortical
mechanisms of induction and maintenance of chronic pain after peripheral nerve injury in mice. We
found that the expression of metabotropic glutamate receptor subtype 5 (mGluR5) increased in
astrocytes of the primary somatosensory cortex (S1) after nerve injury. An astrocyte-activation via
mGIluR5 signaling increased the expression and release of thrombospondin 1 (TSP1), and accelerated
the turnover of synapses in pyramidal neurons in the S1, which would merge touch- and pain-sensing
circuits, resulting in long-lasting allodynia. This result suggests that the astrocyte could be the target
for the treatment of chronic pain.

2. Contribution of cortical microglia to neuronal resistance in pathological condition and to synapse
formation during development

Microglial cells, only immune cells in the brain, dynamically extend/retract their processes and
contact on neurons. Epileptic hyperactivities introduced in cortical pyramidal neurons induced the
swelling of axons, which activated volume-sensitive channels resulting in ATP release though this
channel. ATP, a potent attractant of microglia, accelerated the accumulation of microglial processes
onto the swollen axon, which lead to membrane repolarization of damaged neurons to resting level.
Blockade of microglia accumulation induced further depolarization, resulted in eventual neuronal
death. Thus, microglia could rescue damaged neurons by contacting onto the neuronal damaged site.

During development, microglia shows the massive change in function and morphology. In
Immature mouse cortex, microglia processes frequently contact onto neuronal dendrites. This
microglial contact induced an increase in the local Ca2* concentration, followed by an accumulation
of actin and a generation of filopodia at the microglia-contacted sites along the dendrites. Microglia-
induced filopodia eventually became functional synapses, which contributed to the formation of
neuronal connections from layer 2/3 to layer 4 in the mature S1. Interestingly, this microglia-induced

synapse formation could be observed at the limited period in development. Thus, an impairment of
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immune environments in immature brain, such as brain infection and various stresses, possibly
disturbs the appropriate cortical circuits’ development, which could be one of the underlying
mechanisms of developmental disorders.
3. Reactive astrocytes as phagocytes after brain ischemic injury

After brain ischemia, astrocytes were transformed into a phagocytic phenotype as a result of
increase in ATP-binding cassette transporter A1 (ABCA1) and its pathway molecules and contributed to
remodeling of damaged tissues and penumbra networks in the cerebral cortex.

These results provide a new concept that glial cells not only contribute to maintenance of neural
environments as previously reported, but promote the remodeling of neuronal circuits, leading to

plastic changes of brain functions in development and various pathological disorders.
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