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Coordination of Schwann cell
myelination and node formation at
the transcriptional level
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Formation of the node of Ranvier as
a highly coordinated event: Saltatory
conduction ensures that information in
the vertebrate nervous system is rapidly
transmitted over large distances and
efficiently processed in complex networks. It
requires the insulation of axonal segments by
myelin and the formation of highly structured
nodes of Ranvier that are interspersed at
regular intervals between successive myelin
sheaths and regenerate the action potential
as it propagates along the nerve (Rasband
and Peles, 2021). To be functional, nodes
of Ranvier and the adjacent paranodal and
juxtaparanodal regions (jointly referred to
as nodal complex) contain ordered arrays
of voltage-gated ion channels. The nodal
complex additionally contains a host of
adhesion molecules that are either supplied
by the neuron or by the axon-contacting
glial cells. Formation, organization, structural
stability, and maintenance of the node
depend on multiple fine-tuned molecular
interactions among these neuronal and glial
adhesion molecules (Faivre-Sarrailh and
Devaux, 2013; Rasband and Peles, 2021).

In the peripheral nervous system (PNS),
Schwann cells are the glial cells involved
in node formation as well as in myelin
sheath production. Major Schwann cell
contributions to the nodal complex include
the L1-type cell adhesion molecule Nrcam,
the extracellular matrix component
gliomedin and the NF155 isoform of
neurofascin. Nrcam and gliomedin are
mainly found at the node and NF155 is
predominantly localized to paranodal
regions (Faivre-Sarrailh and Devaux, 2013;
Rasband and Peles, 2021). For proper node
formation, the production of these proteins
in Schwann cells has to be coordinated
with the generation of their interaction
partners on the axonal side in the neuron.
Additionally, a synchronization is required
with the manufacturing of the various
proteinaceous and lipid components of the
myelin sheath in the glial cells themselves
(Srinivasan et al., 2012). How this is achieved
is poorly understood on the molecular level
and in part addressed by a recent study that
analyzed the transcriptional regulation of
genes with relevance for node formation in
Schwann cells (Saur et al., 2021).

Sox10 and Krox20 as regulators of node
formation and myelination in the PNS:
By transcriptomic comparison of the

MSC80 Schwann cell line and genome-
edited Sox10-deficient clonal derivatives,
Nrcam, gliomedin and neurofascin were
identified as differentially expressed genes.
A strongly reduced expression in peripheral
nerves of mice with Schwann cell-specific
Sox10 deletion further substantiated the
assumption that nodal genes in Schwann
cells are under control of Sox10, a
transcription factor with essential functions
in most stages of Schwann cell development
(Finzsch et al., 2010). Transient transfections
identified at least one putative regulatory
region within each of the three genes or in
their vicinity that strongly activated reporter
gene expression in response to Sox10. These
evolutionary conserved regulatory regions
contained functionally relevant binding sites
for Sox10 and thus resembled previously
identified Sox10-responsive regulatory
regions from genes that code for structural
components of the myelin sheath in Schwann
cells such as Mbp, Mpz and Gjb1 (henceforth
referred to as myelin genes) (Peirano et al.,
2000; Bondurand et al., 2001).

Genome wide studies had furthermore
shown that many of the Sox10-bound regions
in the vicinity of myelin genes or genes with
relevance for lipid biosynthesis (referred to
as lipid biosynthetic genes) strongly overlap
with regions that are occupied by Krox20
(also known as Egr2) in Schwann cells
(Srinivasan et al., 2012). Considering the
fact that loss-of-function experiments in the
mouse established essential roles for both
Sox10 and Krox20 in myelin formation, these
data point to a cooperative transcriptional
activation of myelin and lipid biosynthetic
genes by Sox10 and Krox20 as a precondition
for PNS myelination (Figure 1).

Interestingly, Sox10-responsive regulatory
regions that were associated with the genes
for Nrcam, gliomedin and neurofascin
were also activated by Krox20. In the joint
presence of both Sox10 and Krox20, reporter
gene activation was even higher than in the
presence of only one. Analysis of nodal gene
expression levels and nodal morphology
in mice heterozygous for both Sox10 and
Krox20 furthermore confirmed in vivo the
cooperation between the two transcription
factors during node formation in the PNS.
This argues that the same two transcription
factors are major regulators of myelin and
node formation in developing Schwann cells
(Figure 1). Sox10 and Krox20 thereby ensure
that both processes are already coordinated

on the transcriptional level. In transiently
transfected cells, regulatory regions of
myelin genes were activated at higher levels
by Sox10 than by Krox20, whereas regulatory
regions from nodal genes relied more
strongly on Krox20. While these findings
should be cautiously interpreted because of
the artificial experimental setting, they may
be indicative of a fine-tuning mechanism.
Krox20 is itself a target gene of Sox10
(Figure 1) so that its levels peak later during
Schwann cell differentiation than those of
Sox10. A preferential reliance on Krox20 may
therefore ensure that nodal gene expression
peaks slightly later than myelin gene
expression.
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Figure 1 | Regulatory mechanism for the
coordinated expression of myelin and nodal
genes in myelinating glia.

In the peripheral nervous system (PNS) (upper
box), Sox10 first activates Krox20. The combination
of both transcription factors then cooperatively
activates myelin as well as nodal genes in Schwann
cell (SC). In the central nervous system (CNS)
(lower box), Myrf is the central transcription factor
induced by Sox10 during oligodendrocyte (OL)
differentiation. The combination of both proteins
cooperates in the activation of myelin gene
expression. Not yet known is their relevance for
nodal gene expression in the CNS.
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Open questions & future directions: While
the study sheds light on the molecular
coordination of myelination and node
formation in Schwann cells, it does not
address how transcription of nodal genes
is regulated in neurons. In fact, little is
known about the neuronal regulatory
mechanisms. As Sox10 is not expressed in
neurons, it is clear that other transcription
factors must be in charge of nodal gene
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expression in neurons. This is especially
intriguing for genes like neurofascin that
are expressed (albeit in different isoforms)
on both the axonal and the Schwann cell
side but are apparently under the control
of different transcription factors in both cell
types. Considering that expression of nodal
genes has to be coordinated across two cell
membranes, it is very likely that reciprocal
signals help to fine-tune gene expression
in Schwann cells and neurons. Again, the
identity of such signals is largely unknown.
But axon-derived neuregulins and neuronal
electrical activity are excellent candidates
for an axon-to-Schwann cell signal. Both
also impact Schwann cell myelination and
would therefore further help to coordinate
formation of node and myelin sheath.

Over the last decades, it has become clear
that not only myelination, but also proper
nodal assembly depends on the presence
of myelinating glial cells (Faivre-Sarrailh and
Devaux, 2013; Rasband and Peles, 2021). It
is furthermore obvious that node formation
and myelination need to be harmonized.
This is true not only for the PNS, but also
for the central nervous system (CNS) where
oligodendrocytes take over the function
played by Schwann cells in the PNS (Figure
1). However, there are significant differences
between both compartments of the nervous
system. In the PNS, myelin formation starts
at birth and in mice is almost complete
within 14 days. In contrast, myelin formation
in the mouse CNS takes approximately until
one month of age although the process
starts at about the same time (Rasband and
Peles, 2021). In both PNS and CNS, a contact
must be established between the terminal
cytoplasmic loop of the myelinating glial cell
and the axon at the paranodal junction to
properly form nodes of Ranvier (Rosenbluth,
2009). However, the axo-glial contact at the
node itself differs substantially. In the PNS,
Schwann cell microvilli contact the adjacent
axolemma. Oligodendrocytes do not form
such microvillous processes. Instead nodal
regions contain an extracellular matrix
complex in the CNS (Nelson and Jenkins,
2017). The relative impact of paranodal
versus nodal mechanisms for overall node
formation also differs between PNS and CNS
(Rasband and Peles, 2021).

In the same vein, Schwann cells and
oligodendrocytes apply similar overall
principles of transcriptional regulation for
their differentiation and the myelination
process, but rarely employ the exact
same transcription factors and control
mechanisms. The role of Krox20 as a central
general regulator of myelination is restricted
to Schwann cells. In oligodendrocytes, it
occurs only in a subpopulation where its
exact role has yet to be studied (Floriddia
et al., 2020). In the context of myelination,
many of the roles of Krox20 in Schwann
cells are taken over in oligodendrocytes by
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Myrf, a structurally unrelated, ER-bound
transcription factor with autoproteolytic
activity (Bujalka et al., 2013). Like Krox20
in Schwann cells, so is Myrf a direct target
gene of Sox10 in oligodendrocytes and
once induced cooperates with Sox10 to
jointly activate myelin and lipid biosynthetic
genes (Hornig et al., 2013) (Figure 1).
If myelination and node formation are
similarly coordinated on the transcriptional
level in oligodendrocytes as they are in
Schwann cells, Myrf may have a comparable
role in CNS node formation as Krox20 in
the PNS and could cooperate with Sox10
during the process. However, considering
the aforementioned differences in node
structure, the higher variability of node
formation in the CNS and the contribution
of other glial cells such as astrocytes and
NG2 glia to CNS nodes, other scenarios
including a more flexible coupling between
myelin sheath and node formation appear
plausible as well. In any case, it is very likely
that even if Myrf is the relevant cooperating
partner of Sox10 during node formation
in oligodendrocytes, different regulatory
regions will be used for nodal gene activation
in both glial cell types. Fortunately, candidate
regulatory regions in the CNS can be
identified from available ChIP-Seq data so
that this question can be readily tackled in
future studies.
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