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Summary of thesis contents

The brain is composed of many cells and it is considered that signals transmitted
between these numerous cells are what underlie the basis of our mind and behavior.
Glial cells comprise more or less half of the cells in the brain. However, active
communication between neurons and glial cells has not been well understood as glial
cells are mostly electrically silent. Here, | showed the astrocyte, one of the population
of glial cells, can send information to neurons using glutamate as a transmitter. The
mechanism of glutamate release was totally different from that in case of neurons,
suggesting a role of astrocytes as a modulator of neuronal excitability and synaptic
plasticity. | also found that the activity of astrocytes can run away and cause
devastating effects on the homeostasis of the brain environment. A large contributor to
the development of excitotoxicity upon ischemia was glutamate released from
astrocyte, which was triggered by astrocytic acidification. Optogenetic countering of
astrocytic acidosis was sufficient to suppress ischemic brain damage. These data
suggest a two-sided nature of astrocyte; on one side, it can modulate behavior and
learning in physiological situations and, on the other side, it can have a destructive
role upon pathology. In both case, | showed that the glial cells are not silent and
should not be neglected population of cells in the brain.

In this thesis, | present data obtained wusing immunohistochemistry,
electrophysiology, and behavioral studies. Controlling astrocytic activity at will was
essential in understanding the function of astrocytes. To this end, | introduced

transgenic mice which selectively express optogenetic tools such as chanelrhodopsin-2
(ChR2) and Archaerhodpsin-T (ArchT) in astrocytes.

Astrocytes are known to maintain neuronal survival and functioning, such as
trophic support, uptake of glutamate, and removal of K" from extracellular space.
Recent studies show that astrocyte exhibit dynamic and rapid activity in response to
neuronal activity. However, whether astrocytes can send information back to neurons
was largely unknown. This was because, specific method to selectively stimulate
astrocytes has not been available. However, recent technical advance in optogenetic
tool enable us to study the glia-to-neuron interaction.

To investigate whether astrocyte-to-neuron signaling exists, | established a
transgenic mouse which expresses ChR2, a light gated cation channel, in astrocytes.
Optic fiber was placed on the cerebellum and astrocyte-photostimulation was
delivered through the skull under free moving condition. Astrocyte-photostimulation
induced expression of c-fos, suggesting astrocyte activation could induce neuronal
activity. In addition, cerebellar-dependent behavior and learning was also affected by
astrocyte-photostimulation. This result suggests that astrocyte-to-neuron signaling
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exists and astrocytes can drive dynamic neuronal activity, which can alter the brain
circuits’ function.

I next searched for the signals that mediate astrocytic activity to neuronal excitation.
Using  cerebellar acute slice preparation of mice, | found that
astrocyte-photostimulation leads to release of glutamate which activates AMPA
receptors and metabotropic glutamate receptor 1 expressed on neurons. As a result,
long term depression occurred in the cerebellar Purkinje cells, suggesting that
synaptic plasticity was affected. This result suggests that the signal initiated from
astrocyte is glutamate.

Next, the mechanism of glutamate release driven by astrocyte-photostimulation was
investigated. In neuron, glutamate release is known to Dbe released by
calcium-dependent vesicular release. However, | found that astrocyte-photostimulated
glutamate release was mediated by a quite different way. When ChR2 is opened by
light application, proton influx occurs through ChR2 causing acidification within
astrocytes. This proton elevation in astrocytes triggers anion channel opening and
glutamate is released through this anion channel.

I next studied the astrocytic contribution to excitotoxicity because the form of
astrocyte-to-neuron signaling that I found would likely manifest under pathological
conditions. Upon brain ischemia, two major events occur. One is acidosis, and the
other is release of excess glutamate, which leads to excitotoxicity. However, it is not
clear whether these two events are independent or related to each other. |
hypothesized that the extreme acidification in astrocytes causes excess glutamate
release. To verify this hypothesis, a tool to counter astrocytic acidification was
required. Thus, | introduced a transgenic mouse line which expresses light sensitive
proton pomp, ArchT, in astrocytes. | found that countering of astrocytic acidification
upon ischemia with ArchT-photostimulation dramatically inhibited astrocytic
glutamate release and ischemic brain damage. This result suggests that acid-sensitive
astrocytic glutamate release is the major cause of brain damage upon cerebellar
ischemia.

In conclusion, my study suggests that astrocytes have a powerful role in regulating
neuronal activity and brain healthiness. Further studies of the functions of astrocytic
activity seem to elucidate previously unrecognized functions of the brain.
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