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Microglial direct contacts with synapses enhance synaptic
activities in awake mice
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i H Microglial direct contacts with synapses enhance synaptic activities in

awake mice

Microglia are the primary immune cells in the central nervous system (CNS). They
constitute 10 — 15% of all cells in the CNS. Microglia activate in injuries and diseases,
changing their morphology, and having an impact on neurodegenerative disorders. In
addition to their role in disease, recent studies showed that microglia are highly motile
cells in the healthy brain, extending and retracting their processes. Moreover, they make
direct contacts with synapses to monitor synaptic activity in an activity dependent
manner. Recent evidence using embryonic zebrafish optic tectum showed that microglia
also have direct contact on neuronal cell body to modify neuronal activity. In motor
learning, microglia have an important role in promoting learning-related synapse
formation through BDNF signaling. On the other hand, in the lever-push motor learning,
the relationship between neuronal activity and individual movements becomes more
consistent with motor learning.

These results lead my hypothesis that microglia could modify synaptic activity by
their direct contacts to change local network activity during motor learning task.
Therefore, in this study I aimed to investigate whether microglia play a substantial role

of motor learning task or not, whether microglia can change populational neuronal



activities in primary motor cortex which is known as the most prominent motor output
area, and whether microglia could change synaptic activity by their direct contacts or
not.

In motor learning task, mice are trained to pull the lever to receive water as a reward.
To investigate whether microglia can promote motor learning in this lever pull task
experiment, double transgenic mice depleted microglia partially were used. In this
microglia depletion mouse experiment, Ibal-tetracycline transactivator (Ibal-tTA)
mouse and tetracycline operator-diphtheria toxin A (tetO-DTA) mouse were crossed.
Using tetracycline-controllable gene expression system, Diphtheria toxin A (DTA) is
expressed in mice which tTA is expressed if doxycycline (DOX) is withdrawn as a feed
of these mice. I also used activated microglia mice which are injected
Lipopolysaccharide (LPS) into peritoneal cavity to investigate whether this is only a
property of resting microglia or not. I showed that success rate in control mice during
motor learning increased more than that in microglia depleted mice and in LPS injected
mice.

Next, I investigated whether neuronal activity in primary motor cortex are changed
during motor learning task through microglial role, I measured Ca®" transient as a
neuronal activity using in vivo two-photon microscope imaging. I showed that microglia
depletion mice (Dox off mice) and microglia activated mice (LPS injection mice)

showed less synchronous activity in response to lever-pull movement compared with



control mice during motor learning. Moreover, I investigated populational neuronal
activities in primary motor cortex during motor learning. I showed that the activity of
layer 2/3 pyramidal neurons of the primary motor cortex in control mice showed
stronger negative correlation between the correlation co-efficiency of the paired cells
and the distance of the paired cells compared with that of Dox off mice and LPS
injection mice during motor learning. It is demonstrated that activated microglia and
microglia depletion suppress the synchronicity of local neuronal network activity. These
results suggested that microglia play an important role in synchronizing network
activity triggered by a motor learning task.

Finally, I confirmed whether microglial contact on synapse can induce a change of
synaptic activity. I used AAV constracts into layer 5 primary motor cortex in Ibal-EGFP
mice. This enabled me to visualize both microglia and synaptic activity in neuron
simultaneously. In this experimental design, I showed local calcium responses in the
postsynaptic spines increased significantly when microglial processes have contacts
with spines. Activation of microglia by applying LPS inhibit spine activation with
microglia contacts.

In conclusion, my result is that microglia enhance synaptic activity with their |
contact and this promotes the synchronized network activity during motor learning.
When microglia contact on synapse, it would enhance single neuronal activity which

induce higher synchronicity in the functional subnetworks.



In discussion, there are two possibilities of connection between the synchronicity
of neuronal network activity during motor learning task and enhancement of synaptic
activity through microglial direct contact with synapses. One is that microglia have
multiple processes and could simultaneously contact on synapses of various neurons
within their territory to promote the synchronization of local network activity during
motor learning task. The other possibility is to progress the synchronization of
neuronal activities inside the subnetwork related to the motor learning. This
is the new mechanisms of microglia have an important role of promoting the
synchronized network activity by direct contact of synapses.

Thus, in the physiological state, microglia have an important function to
promote synchronizing network activity and can be envisaged as key neuro

modulators in the brain.
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