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Clarification of the principle governing axon-—selective
myelination by oligodendrocytes and regulation of neuronal

information processing in the white matter
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Summary of thesis contents

Oligodendrocytes myelinate multiple axons in the central nervous system
(CNS). Conduction velocity of myelinated axons is at least 50 times faster than that of
unmyelinated axons. Myelin is also important for axonal survival because
oligodendrocytes metabolically support axons via myelin. In contrast to a Schwann
cell that myelinates axon in the peripheral nervous system, one oligodendrocyte
myelinates multiple axons in the CNS. A recent report showed depolarization of
oligodendrocytes increases conduction velocity of neuronal axons (Yamazaki et al.,
2007). This finding suggests that depolarization of one oligodendrocyte
simultaneously increases conduction velocity of multiple axons, owing to multiple
myelination by one oligodendrocyte. If one oligodendrocyte ensheaths neuronal axons
that are involved in an identical neuronal circuit, depolarization of the
oligodendrocyte comprehensively increases information processing of the neuronal
circuit. An idea that oligodendrocytes selectively myelinate neuronal axons is
supported by several oligodendrocyte characters. To examine whether oligodendrocyte
select axons to myelinate, it is important to identify the neurons whose axons are
ensheathed by each oligodendrocyte, however, high density of oligodendrocytes in the
CNS prevents us from detecting precise morphology of each oligodendrocyte.

I found that attenuated rabies virus sparsely labels oligodendrocytes in the
white matter and adeno-associated virus type2 (AAV2) efficiently labels neuronal
axons in the mouse brain. Interaction between each oligodendrocyte and neuronal
axons was successfully detected by dual injection of attenuated rabies virus and
AAV2 into the mouse brain. I examined whether oligodendrocytes selectively or
randomly myelinate axons by this newly established method.

To visualize processes of each oligodendrocyte and its myelinating axons
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derived from different brain areas, AAV2-DsRed2 and AAV2-BFP were injected into
motor cortex and sensory cortex, respectively, and attenuated rabies virus harboring
the gene encoding GFP was injected to the corpus callosum. About a half (58.4%) of
callosal oligodendrocytes ensheathed axons derived from both motor and sensory
cortex, whereas the other half ensheathed axons derived from either motor cortex or
sensory cortex. Therefore callosal oligodendrocytes were classified into 3 groups:
oligodendrocytes myelinating axons derived from 1) motor cortex, 2) sensory cortex,
3) both regions in the mouse brain. This result was different from myelination on
axons derived from an identical brain region of each hemisphere: majority of callosal
oligodendrocytes evenly myelinated axons derived from each hemisphere. These
results suggest that callosal oligodendrocytes distinguish axons derived from different
brain regions but not from the same region of the brain even when they are from
different hemispheres.

To investigate chiasmal oligodendrocyte myelination on axons derived from
each eyeball, AAV2-DsRed2 and AAV2-BFP were injected, respectively. About a half
of chiasmal oligodendrocytes dominantly myelinated axons derived from one of
eyeballs in contrast with majority of callosal oligodendrocytes that evenly myelinated
axons derived from each hemisphere. The result suggests functional difference
between chiasmal and callosal oligodendrocytes in the mouse brain.

It is known that oligodendrocytes initiate myelination on axons by sensing
their axonal activity. However, it has not been shown whether one oligodendrocyte
preferentially myelinates active axons or not after initiation of myelination. To
examine whether each oligodendrocyte selectively myelinates highly active axons, I
trimmed and sutured eyelids at postnatal day 10 and assessed chiasmal myelination on
axons derived from sutured or intact eyes of 8-week-old mice. There were no

significant differences between myelination on axons derived from sutured or intact
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eyes. This result suggests that chiasmal oligodendrocyte myelination does not
distinguish active or inactive axons once myelination program is turned on.

In this study, I developed a novel method to observe interaction between each
oligodendrocyte and neuronal axons, and revealed that there were 3 groups of callosal
oligodendrocyte. There were significant differences between callosal and chiasmal
oligodendrocytes myelination involving myelination on axons derived from bilateral
hemispheres or eyeballs. This study reveals that some parts of oligodendrocytes
selectively myelinate axons, depending on neuronal subtypes. This study also suggests

activity dependent myelination does not occur after initiation of myelination.

Ref. Y. Yamazaki et al., Neuron Glia Biology 3, 325 (2007)
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