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Bergmann glia actively participate in the pruning of climbing
fiber—Purkinje cell synapses
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Summary (Abstract) of doctoral thesis contents

Synapse pruning is a fundamental mechanism underlying the plasticity of nervous system.
Recent studies indicate that not only neurons but also glial cells have active roles in synapse
pruning. This study investigated the role of Bergmann glia (BG), cerebellum-specific astrocytes,
in pruning of the climbing fiber (CF) - the Purkinje cell (PC) synapses in the cerebellum.

There has been no good procedure to study the role of BG in CF-PC synapse pruning.
Degeneration of BG would cause severe inflammation, and activated microglia and/or infiltrated
immune cells might affect the pruning procedure. | used Mlcl overexpressing mice
(Mlcl-mtTA::Mlcl tetO homo, MIcl-OE), whose BG are mostly found in the molecular layer
(ML), as a tool to examine the role of BG in CF-PC synapse pruning.

Mlcl is a causative gene for Megalencephalic leukoencephalopathy with subcortical cysts
(MLC). MLC is an infantile-onset inherited disease of the white matter. Water content of the
cerebral white matter in MLC is highly increased. The expression of Mlcl is relatively high in
the brain. In the brain, Mlcl is found in the cell membrane of astrocytes, especially in the
endfeet at the blood-brain and cerebrospinal fluid (CSF)-brain barriers. Thus it has been
suggested that Mlcl could have a channel or transporter function involved in the brain water and
ion homeostasis. Mlcl expression pattern in BG and their precursor, radial glia (RG) changed
during development. In Mlc1-OE, major portion of BG mislocalized in the ML. The onset of BG
mislocalization was postnatal day (P) 10, the age corresponds with the initiation of CF-PC
synapse translocation from PC soma to its dendrites. Lucifer-yellow staining visualized that the
mislocalized BG did not extend the processes towards the Purkinje cell layer (PCL), indicating
that mislocalized BG have little chance to contact PC soma. Indeed, wrapping of PC soma by
glutamate-aspartate transporter (GLAST) positive membrane was extensively reduced in
MlIcl-OE. In MIcl-OE, PCs with incomplete wrapping of soma by GLAST positive membrane
were occasionally observed. Thus, | used MIcl-OE as a tool to examine the role of BG in the
pruning of CF-PC synapses. Immunohistochemical study revealed that both pruning and
translocation of CF-PC synapses were inhibited in MIcl-OE. To clarify the number of CFs
innervating to the PCs in Mlcl-OE, electrophysiological analysis was done. In MIcl1-OE, there
were unique slow EPSCs (slow components) which showed extraordinary long rise time (> 1 ms).
These responses had a similar property found in previously reported mice with glutamate
spillover. Considering reduction of GLAST positive membrane around the PC soma, the slow
component was speculated to be caused by glutamate spillover from nearby PCs. Thus, only the
fast rise time components (< 1 ms) were counted as the responses to the innervating CFs.
Electrophysiological analysis showed that the competitive selection of CFs during postnatal
development was not affected in Mlc1-OE.

In the results obtained so far, it is unclear whether mislocalization of BG is really

responsible for the deficiency of CF-PC synapse pruning because Mlc1-OE BG show abnormality
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in Mlcl expression level in addition to BG mislocalization. Thus, | tried to separate these two
phenotypes. | achieved this by regulating the period of Mlcl overexpression by doxycycline
(DOX) administration to Mlc1-OE, which inhibits overexpression of Mlcl; i.e. during DOX
administration Mlcl expression level is normal. In Mlc1-OE DOX-administered from embryonic
day (E) 0 to P7 (Mlcl-OE DOX EO0-P7) BG aligned in the PCL at P28. Pruning of CF-PC
synapses in MIc1-OE EO-P7 was not affected even though Mlcl was overexpressed. In contrast,
in MIc1-OE DOX-administered from P10 to P28 (MIcl1-OE DOX P10-P28) BG mislocalized in
the ML at P28, but Mlcl expression level was normal. In MIcl1-OE DOX P10-P28, pruning of
CF-PC synapses was inhibited. These results suggested that mislocalization of BG, not Micl
overexpression, is the cause of impaired CF-PC synapse pruning.

Previous reports indicate that parallel fiber (PF)-PC inputs is an important factor for the
CF-PC synapse pruning. Thus, | immunostained sections with a PF synapse marker, vesicular
glutamate transporter 1 (vGluT1), and a PC marker, calbindin, to investigate above possibility.
Immunohistochemical results showed no abnormality in the PF-PC synapse formation in
MIc1-OE. These results suggest that localization of BG in PCL does not affect CF-PC synapse
pruning via alteration of PF-PC synapses.

Recently it has been reported that cortical astrocytes take part in synapse pruning by
engulfing unwanted synapses. Considering the heterogeneity of astrocytes, it is under debate
whether the pruning ability is commonly shared in all types of astrocytes or a unique property of
selected astrocytes. In this study, | showed that mislocalized BG lost contact with PC leading to
the failure of CF-PC synapse pruning, demonstrating that BG are essential for CF-PC synapse

pruning.
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