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Activity-Dependent Myelination Shapes Conduction Velocity
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Review of Etxeberria et al.

Myelin ensheaths and insulates axons, allow-
ing efficient propagation of action potentials.
Myelin is formed by oligodendrocytes in the
CNS and Schwann cells in the PNS. During
CNS development, most oligodendrocyte
progenitor cells originate in the ventricular
zone and migrate along vasculature to their
target axons where they terminally differenti-
ate into mature oligodendrocytes. As mature
oligodendrocytes, they begin expressing my-
elin transcripts, produce myelin, wrap axons,
and provide metabolic support to the axons
(Simons and Nave, 2015; Tsai et al., 2016).

Although most oligodendrocyte precursor
cells mature in the early postnatal period, oli-
godendrocyte progenitor cells continue to
proliferate and generate mature oligodendro-
cytesthroughoutlife.Tostudytheroleofthese
adult-born oligodendrocytes, Young et al.
(2013) used Pdgfra-CreER:tau-mGFP mice in
which administration of tamoxifen stimulates
Cre-Lox recombination in oligodendrocyte
progenitor cells that, upon differentiation, ex-
press mGFP to reveal myelin morphology.
They found that adult-born oligodendrocytes
remodel myelin (Young et al., 2013). The pro-
liferative rate of oligodendrocyte progenitor
cellswassignificantlydifferent indistinctbrain
regions, suggesting that local environment
strongly affects the mitotic capacity of these
cells, but the cues responsible remained
unknown.

A recent report (Etxeberria et al., 2016) in-
vestigatedneuronalcuesthatregulateprolifer-
ation of oligodendrocyte progenitor cells by
studying the effect of visual experience on my-
elin. They generated NG2-CreER:tau-mGFP
miceinwhichadministrationoftamoxifenre-
sults inmGFPexpressioninnewlyformedoli-
godendrocytes and found that monocular
visual deprivation increased the differentia-
tion of oligodendrocyte progenitor cells into
mature oligodendrocytes without altering
proliferation. Increased oligodendrogenesis
was not accompanied by changes in the num-
ber of myelinated axons, myelin thickness, or
changes in the total number or size of target
axons. Monocular deprivation, however, re-
sulted in decreased internodal length along
retinal ganglion cell axons, suggesting that vi-
sualexperience influences thestructureofmy-
elinated fibers. Because internodal length is
directly linked to action potential conduction
velocity (Wu et al., 2012), Etxeberria et al.
(2016) tested the effect of monocular depriva-
tiononconductionvelocityandfoundthatvi-
sual experience modulates action potential
conduction properties.

Myelination of open-eye axons was af-
fected in the ipsilateral optic tract, where
most axons were from the deprived eye, sug-
gesting that myelination of individual axons
is sensitive to the activity in the surrounding
axons. The environmental effect of sur-
rounding axons suggested that a secreted
factor controlled this activity-dependent
myelination. Because glutamate is the main
neurotransmitter used by retinal ganglion
cells and because both myelinated and un-
myelinated axons release glutamate along
the axon upon spiking (Kukley et al., 2007;
Ziskin et al., 2007; Wake et al., 2011), Etxe-

berria et al. (2016) conditionally ablated the
vglut2 gene, which encodes the protein re-
sponsible for glutamate uptake into vesicles,
in ganglion cells. This decreased glutamate
release from retinal axons, thus mimicking
sensory deprivation. Consistent with the
findings from the monocular deprivation
experiment, VGlut2KO mice displayed in-
creased oligodendrogenesis and reduced in-
ternodal length.

This demonstration that axonal gluta-
matergic cues influence the structure of my-
elin strongly suggests that oligodendrocytes
sense glutamate. Indeed, oligodendrocytes
express a variety of glutamate receptors, in-
cluding NMDA receptors, but the role of
these receptors in the cells has been ambig-
uous for several reasons. Previous studies
(De Biase et al., 2011; Guo et al., 2012)
determined that NMDA receptors are
not necessary for myelination. Indeed, oli-
godendrocytes can myelinate PFA-fixed,
dead neurons or plastic nanofibers (S. Lee et
al., 2012), demonstrating that glutamatergic
cues are not necessary for myelination. Sim-
ilarly, oligodendrocytes have been shown to
carry an intrinsic, axon-independent prop-
erty to respond to axon diameter (Bechler et
al., 2015), further suggesting that axonal
cues are not necessary for myelination.
Nonetheless, a recent report found that
NMDA receptors do play a crucial role in
oligodendrocytes. Saab et al. (2016) ablated
NMDA receptors from oligodendrocyte lin-
eage cells; and although NMDA receptors
were not necessary for myelination per se,
they were used by oligodendrocytes to sense
the electrical activity of the surrounding ax-
ons and adjust their metabolic support to
the axons accordingly (Saab et al., 2016).
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Oligodendrocytes are metabolically cou-
pled to axons. It has been suggested that, in
this metabolic coupling, oligodendrocytes
supply lactate to axons through the lactate
transporter MCT1 (Fünfschilling et al.,
2012; Y. Lee et al., 2012). Oligodendroglial
NMDA receptors regulate the trafficking of
the glucose transporter GLUT1 to the mem-
brane and thereby govern oligodendrocyte
glucose import. Using a glucose sensor in
transfected oligodendrocytes, Saab et al.
(2016) found that activation of NMDA re-
ceptors significantly increased the glucose
signal in oligodendrocytes, and this was
abolished by addition of D-AP5, which
blocks NMDA receptor binding sites. These
data suggest that glutamatergic neuronal
cues activate oligodendrocyte NMDA re-
ceptors, which in turn control oligoden-
drocyte glucose uptake and glycolysis.
Increased glycolysis could conceivably in-
crease lactate shuttling to axons, thus sup-
porting of axonal energy metabolism.

Importantly, these experiments in which
either NMDA receptors or glutamate re-
lease were manipulated yielded similar re-
sults. Etxeberria et al. (2016) decreased
glutamate release by conditionally ablating
the vglut2 gene from retinal ganglion cells
and found that this reduced conduction ve-
locity in the affected nerves. Likewise, Saab
et al. (2016) ablated NMDA receptors from
oligodendrocyte lineage cells and found re-
duced conduction velocity in the affected
nerves. In addition, Saab et al. (2016) found
that lactate could replace glucose as an en-
ergy source for the affected nerve and re-
store conduction, independent of prior
NMDA receptor signaling. Further investi-
gation of oligodendrocyte glucose uptake
and lactate shuttling to axons using the
Islet1-cre�/�VGlut2fl/fl mice used by Etxe-
berria et al. (2016) would thus likely yield
noteworthy results. Based on the results of
Saab et al. (2016), one may anticipate that
decreased glutamate release by condition-
ally ablating the vglut2 gene will lead to re-
duced glucose uptake by oligodendrocytes,
which in turn, will result in reduced meta-
bolic support from oligodendrocytes to
axons.

Interestingly, Etxeberria et al. (2016)
found that monocular deprivation altered
internodal length along retinal axons with-
out changing myelin thickness. ERK1/ERK2
MAPK signaling has been shown to control
myelin thickness (Ishii et al., 2012), but
the molecular mechanisms controlling
internodal length are poorly understood
(Bechler et al., 2015). Because myelin pro-
duction relies heavily on glucose import to
oligodendrocytes as a source of carbon for

lipid metabolism (Rinholm et al., 2011), the
reduced internodal length observed by
Etxeberria et al. (2016) may suggest that
proper formation of internodes relies on
proper glucose supply to oligodendrocytes,
governed by glutamate released from axons.

Nervous system function and plasticity
are governed by synaptogenesis, synaptic
elimination, and synaptic plasticity. In addi-
tion, nervous system plasticity is highly de-
pendent on precise conduction velocity
between different nodes of neural circuits
(Dan and Poo, 2006). Conduction velocities
range widely across axons. Genetic instruc-
tion alone cannot explain how conduction
velocity in neuronal circuits, which com-
prise billions of axons, is so tightly con-
trolled (Fields, 2015). Etxeberria et al.
(2016) demonstrated that the length of my-
elin internodes is modified by experience-
dependent activity, resulting in alterations
in action potential conduction velocity. This
finding suggests that variations in conduc-
tion velocity that provide a degree of plastic-
ity are controlled not only genetically, but
are also established in accordance to local
activity. Therefore, the study by Etxeberria
et al. (2016) deepens our understanding of
activity-dependent myelination as a new
mechanism that controls conduction veloc-
ity and may suggest that activity-dependent
myelination has an important role in ner-
vous system plasticity.
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