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DO OLIGODENDROCYTE PRECURSOR CELLS GOVERN CIRCUIT
CONNECTIVITY THROUGH FORMING STABILISING AXON:OPC
SYNAPSES?

Emma Dumble, Denis Yuan, Tim Czopka

Centre for Clinical Brain Sciences, University of Edinburgh, Edinburgh,
United Kingdom

The non-myelinating roles of oligodendrocyte precursor cells (OPCs) have
long been an enigma in the field. Recent research by our group showed that
OPCs play a role in sculpting the visual system by regulating axonal
remodelling in zebrafish. OPCs were found to regulate retinal ganglion cell
(RGC) axonal arbor size, with an absence of OPCs leading to enlarged RGC
terminal arbors and degraded visual processing, thus indicating OPCs
regulate the synaptic connectivity of neurons. How OPCs exert their
functions on remodelling axons is unknown. As OPCs are the only glial cell
type that receive postsynaptic contacts from surrounding neurons, we
investigate whether axon:OPC synapses play a role in regulating axon
dynamics and connectivity in the visual system.

To investigate this, we have generated new transgenic lines to visualise
endogenous OPC postsynapses in vivo using fibronectin intrabodies
(FingR) specific to the postsynaptic proteins: Gephyrin (inhibitory) and
PSD95 (excitatory). Studying the developmental dynamics of OPC
postsynapses, we show that the number of inhibitory postsynapses per OPC
are much more prevalent in non-myelinating areas of the CNS such as the
optic tectum, compared to the spinal cord where OPCs readily differentiate
to myelinating oligodendrocytes. Within the optic tectum, the number of
inhibitory synapses per OPC increases during the first week of tectal
development when RGC arbors establish their territories. Later, during the
time when visual circuitry is refined to solidify circuit connections, the
density of individual OPC post-synapses decreases. Therefore, we postulate
that axon:OPC synapses may have a function in governing circuit
connectivity.

To test how OPCs may regulate RGC synapse dynamics, we performed
time-lapse imaging of their interactions with OPCs. Our data show that a
fraction of OPC processes form stable appositions to axonal presynapses.
Depletion of OPCs increased RGC arbour dynamics and variability in pre-
synapse density of RGCs, indicating an instability in RGC presynapses after
OPCs are lost. Consequently, when we track these RGC presynapses over
longer periods of time, we find that the loss of OPCs leads to a significant
loss of RGC presynapses. Additionally, we will present experiments to
confirm the presence of axon:OPC synapses at these sites of dynamic
remodelling, and approaches to test our working hypothesis that axon:OPC
synapses serve as temporary guideposts to regulate precise development of
neuronal connections.
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