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Abstract

Recent progress in molecular biology has markedly expanded our knowledge of the molecular
mechanism behind the proliferation and differentiation processes of Schwann cells, the myelin-
forming cells in peripheral nervous systems. Intracellular signaling molecules participate in inte-
grating various stimuli from cytokines and other humoral factors and control the transcriptional
activities of the genes that regulate mitosis or differentiation. This article provides an overview of
the roles played by the intracellular pathways regulating Schwann cell functions. In Schwann cell
proliferation, cyclic adenosine monophosphate signals and mitogen-activated protein kinase path-
ways play pivotal roles and may also interact with each other. Regarding differentiation, myelin
formation is regulated by various cytokines and extracellular matrix molecules. Specifically,
platelet-derived growth factor, neuregulin, and insulin-like growth factor-I all are classified as lig-
ands for receptor-type tyrosine kinase and activate common intracellular signaling cascades, mito-
gen-activated protein kinase pathways, and phosphatidylinositol-3-kinase pathways. The balance
of activities between these two pathways appears crucial in regulating Schwann cell differentia-
tion, in which phosphatidylinositol-3-kinase pathways promote myelin formation. Analysis of
these signaling molecules in Schwann cells will enable us not only to understand their physiologi-
cal development but also to innovate new approaches to treat disorders related to myelination.
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Introduction

Since Theodor Schwann first described the
ensheathing structure surrounding peripheral
nervous axons, Schwann cells have been recog-
nized as playing an indispensable role in sup-
porting peripheral axons. The course of their
development has been intensively studied in the
light of anatomical localization and specific
markers (1–3). Briefly, Schwann cells arise from
the neural crest and become Schwann cell pre-
cursors expressing p75 and growth-associated
protein (GAP)-43 around E14-15 in rats. They
proliferate and migrate along axons and become
immature Schwann cells that express S-100 and
neuronal cellular adhesion molecules (NCAMs)
at E16-17. Immature Schwann cells can differen-
tiate into either promyelinating or nonmyelinat-
ing Schwann cells, depending on the presence of
extrinsic stimuli such as axonal membrane-
bound molecules, which have not yet been
identified (Fig. 1). At the promyelinating stage,
Schwann cells reduce mitotic activities and cre-
ate a 1:1 relationship with axons, increasing the
expression of promyelinating proteins, such as
myelin-associated glycoprotein (MAG) and pro-

tein zero (P0), and transcription factor Oct-6.
They then form basement membranes and begin
to extend their plasma membrane around axons
to form a compact myelin structure that facili-
tates the propagation of axon potentials.

When Schwann cells start myelination, they
express Krox20, a zinc finger transcription fac-
tor and, converesly, reduce expression of Oct-6.
Because mutant mice lacking these genes dis-
play abnormal myelination—particularly the
severe loss of myelination in Krox20 null
mice—the shift in the expression level between
Oct-6 and Krox20 plays a pivotal role for
myelin formation (4–6). Together, toward the
initiation of myelination, the temporal patterns
and intensity of various regulatory genes
should be strictly controlled so that Schwann
cells form myelin in the proper place at the
proper time.

Similarly to many other cells, differentiation
and gene expression modification of Schwann
cells are regulated by various extracellular sig-
nals, such as humoral cytokines, membrane-
bound molecules (especially those on the
surface of axons), and extracellular matrix mol-
ecules. Increasing knowledge from in vitro cul-
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Fig. 1. Development of myelinating Schwann cells. Schwann cells arise from the neural crest and then pro-
liferate and migrate along axons. Around birth, they segregate axons and form a 1:1 relationship, provided the
axon has the proper diameter. Expression of transcriptional factors, such as Oct-6 and Krox20, and myelin-
related protein, such as myelin-associated glycoprotein, P0, and myelin basic protein, are strictly regulated in
accordance with progress toward myelin formation (2).



ture studies as well as recent genetically modi-
fied mice phenotypes has characterized the
importance of these extracellular signal mole-
cules in Schwann cell differentiation (7,8).
However, much remains to be learned about
how these signal molecules actually control the
activities of transcription factors and gene
expression. In other words, there are still
unknown gaps between the events occurring
around Schwann cell membranes induced by
extracellular signals and the regulation of gene
expression within nuclei. This article discusses
the functions of several intracellular signaling
pathways in Schwann cells that integrate
extracellular signals and transmit them into
nuclei to regulate proliferation and promyeli-
nating differentiation.

Signal Transduction of Schwann 
Cell Proliferation

In the developmental processes, the number
of Schwann cells begins to increase from the
precursor stage through the early promyeli-
nating stage. Because the number of myelin-
forming Schwann cells is tightly regulated
according to the number of axons to be myeli-
nated, researchers believe that direct interac-
tion with axons regulates Schwann cell
proliferation (9). Initially, cholera toxin and
dibutyryl cyclic adenosine monophosphate
(db-cAMP), activators of adenyl cyclase, were
found to induce Schwann cell proliferation in
primary cultures from neonatal rat sciatic
nerves (10,11). Adenyl cyclase is physiologi-
cally activated by stimulatory G protein upon
ligands binding to G protein-coupled receptors
and raises the intracellular concentration of
cAMP (12). The wide variety of effectors of
cAMP makes it difficult to identify the exact
target downstream of cAMP that results in
Schwann cell proliferation. Nevertheless, the
importance of cAMP-dependent protein kinase
A (PKA), one of the main targets of cAMP, has
been noted based on the findings that either a
specific chemical inhibitor (H-89) or the retrovi-
ral suppression of PKA inhibits cAMP-induced

Schwann cell proliferation (13,14). However,
these findings do not exclude the participation
of PKA-independent signals such as a pathway
toward the small guanosine triphosphatase
Rap1 through cAMP-regulated guanine nucleo-
tide exchange factors (cAMP-GEF/Epac; ref.
15). Among the various PKA downstream mol-
ecules, cAMP response element binding protein
(CREB) is a well-characterized molecule that
activates the transcription of various genes by
binding to the CRE sites in their promoter
region. In cocultures of Schwann cells with
purified dorsal root ganglion (DRG) neurons,
CREB phosphorylation is observed when the
Schwann cells make contact with axonal mem-
brane and proliferate, indicating the physiologi-
cal role of CREB in Schwann cell proliferation
(16–18). The target genes of CREB remain
elusive, and it is not clear yet whether a
PKA–CREB signal is indispensable for Schwann
cell proliferation. Notably, in some other cell
types, the activation of cAMP signals correlates
with a reduction of cell mitosis and a progres-
sion of cell differentiation (19).

Despite our knowledge of the importance of
cAMP, the physiological regulatory mechanisms
of cAMP at the intracellular level in Schwann
cells in vivo remain unclear. Intracellular cAMP
elevation is achieved either by a ligand binding
to G protein-coupled receptors to activate
adenyl cyclase or by a reduction in phospho-
diesterase (PDE) activity, which hydrolyzes and
causes cAMP degradation. Regarding possible
ligands in the case of Schwann cells, calcitonin-
gene-related peptide and adenosine have been
reported, both of which are released from axons
(20,21). Regarding PDE activity, PDE4 messen-
ger RNA levels increase in the distal part of
injured peripheral nerves, where cAMP concen-
trations remain at a low level until remyelination
occurs (22).

Various kinds of growth factors also partic-
ipate in Schwann cell proliferation. Similarly to
other cell types, platelet-derived growth factor
(PDGF) and fibroblast growth factor are
mitotic for Schwann cells (23), and both bind to
their specific receptors and induce dimeriza-
tion of those receptors to transmit signals to
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downstream effectors. These receptors are cat-
egorized as receptor-type tyrosine kinase
(RTK) and include many other cytokine recep-
tors, such as receptors for nerve growth factor,
epidermal growth factor (EGF), and insulin-
like growth factor (IGF)-I. Neuregulin is one of
the EGF family member cytokines and was
originally reported as glial growth factor, iso-
lated from bovine brain and pituitary to stimu-
late Schwann cell proliferation (24–26). The
receptor of neuregulin is also a RTK composed
of the heterodimer of ErbB2 and ErbB3. Mice
with mutations in neuregulin-1, erbB2, or erbB3
all show a reduced number of Schwann cell
precursors, providing strong evidence that
neuregulin plays an indispensable physiologi-
cal role in Schwann cell precursor proliferation
and survival (7,27).

These RTK family members, including ErbB
heterodimer, recruit signaling molecules and
activate several downstream cascades. Among
them are two main cascades: mitogen-acti-
vated protein kinase (MAPK) pathways and
phosphatidylinositol-3-kinase (PI-3K) path-
ways. MAPK pathways are activated through
activation of the small guanosine triphos-
phatase Ras, and signals are then transmitted
to Raf-Mek-Erk in descending order by phos-
phorylation of each molecule (28). In many cell
types, MAPK pathways play central roles in
cell cycle progression and/or cell differentia-
tion (29). The importance of these pathways in
Schwann cell proliferation has also been men-
tioned (13).

cAMP–PKA signals and Mek–Erk signals are
both important in Schwann cell proliferation.
However, whether these two pathways inter-
act physiologically or work independently
remains unclear. Because growth factors such
as PDGF or fibroblast growth factor require
db-cAMP for their mitotic function, elevation
of intracellular cAMP concentration is a pre-
requisite for their effects (23). Recently, Monje
(30) reported that an elevation of cAMP con-
centration in Schwann cells prolongs the dura-
tion of Erk phosphorylation after growth factor
stimulation and that a certain length of sus-
tained Erk phosphorylation is required for

Schwann cell proliferation. These findings
suggest that the cAMP–PKA signal modulates
the intensity of Mek–Erk signals and that
Mek–Erk pathways directly regulate cell cycle
machineries to promote Schwann cell prolifer-
ation. Further studies related to ligands regu-
lating intracellar cAMP level are needed to
determine the mitotic process of Schwann
cells in vivo.

Signal Transduction in Schwann 
Cell Differentiation

Schwann cell differentiation can be divided
into two programs according to their final
phenotypes: myelinating Schwann cells and
nonmyelinating Schwann cells. Regardless of
which phenotypes they may manifest in the
future, they arise from the neural crest and dif-
ferentiate in the same manner up to immature
Schwann cells when they express p75 and
NCAM on their cell surfaces. When they
migrate and proliferate along axons that are
supposed to be myelinated, they reduce mitotic
activity and take a promyelinating phenotype,
increasing their expression of P0 and MAG (1).
To date, axon diameter is the sole established
factor for determining whether Schwann cells
reach the promyelinating state (31). Therefore,
myelination-inducing factors are supposed to
be expressed on the axonal membrane, and,
therefore, large diameter axons may transmit
enough signals to Schwann cells to start myeli-
nation around them.

In vitro culture studies and gene knockout
studies have led to understanding of the mole-
cular mechanism regulating Schwann cell
myelination. In vitro culture studies have
revealed that the progression toward myelinat-
ing Schwann cells is associated with the upreg-
ulation of P0, MAG, and Oct-6 or the
downregulation of NCAM and p75 (32,33).
PDGF, a mitogen for Schwann cells, is reported
to suppress promyelinating gene expression,
whereas IGF-I, also mitogenic for the cells,
stimulates promyelinating gene expression
(23,34). IGF-I is also able to enhance myelin
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formation in coculture systems (35). We
recently reported the effect of recombinant
neuregulin (neuregulin EGF-domain) on cul-
tured Schwann cells and revealed its inhibitory
effects on promyelinating gene expressions
(36). Interestingly, although all these cytokines
(i.e., neuregulin, PDGF, and IGF-I) are ligands
for RTKs and activate common intracellular,
MAPK, and PI-3K pathways, their effects on
the fate of Schwann cells are quite different.
Neuregulin and PDGF strongly suppresses
the expression of Schwann cell differentia-
tion markers, whereas IGF-1 promotes it. We
noticed differences in the magnitude of activa-
tion of each intracellular pathway among these
cytokines. Neuregulin EGF-domain and PDGF
strongly activated both MAPK pathways and
PI-3K pathways. On the other hand, IGF-I acti-
vated MAPK pathways to a much lesser
extent, whereas it activated PI-3K pathways as
strongly as neuregulin and PDGF. Therefore,
we assumed that the balance between MAPK
and PI-3K activation might explain their differ-
ent effects on Schwann cell differentiation.
Selective activation of each pathway by aden-
oviral gene transfer enabled us to observe the
function of these pathways separately and
revealed that activation of MAPK pathways
lead to downregulation of promyelinating
markers; on the other hand, activation of PI-3K
pathways upregulated them. Consistent with
these findings, selective activation of Ras or
Raf, upstream regulators of MAPK pathways,
induced dedifferentiation of Schwann cells,
even in the presence of axonal signals (37).
These results led us to conclude that PI-3K
pathways enhance progression toward myeli-
nating Schwann cells, whereas MAPK path-
ways suppress it. The effect of each cytokine
depends on the relative strength of these two
pathways.

The activity of MAPK pathways is regulated
not only by ligand binding to their receptors
but also by interference of other intracellular
molecules. Interestingly, as Schwann cells dif-
ferentiate to myelinating form, they express
neurofibromin coded by the Nf1 gene, whose
defect in humans causes neurofibromatosis

type I. Neurofibromin has a Ras–GAP activity
function that converts Ras to the inactivated
form and eventually suppresses the down-
stream MAPK signals (38). It appears that
expression of neurofibromin is a proper intra-
cellular machinery to keep MAPK activity at
low levels when Schwann cells myelinate
around axons. MAPK phosphatase (MKP)-3,
a protein phosphatase for the Erk, also acts
as a possible suppressor of MAPK activity in
Schwann cells (39).

Whereas MAPK pathways suppress Schwann
cell differentiation, activation of PI-3K path-
ways enhances it. To confirm the function of
these pathways, we used cocultures of Schwann
cells and DRG neurons in which Schwann
cells were forced to express either an active
form of Akt or the catalytic subunit of PI-3K,
p110, by adenoviral vectors (16,40). The num-
ber of myelin-forming cells was significantly
increased in the PI-3K-activated Schwann cell
group compared to the control gene-delivered
group (36). In this system, DRG neurons were
not subjected to viral infection, so the differ-
ence in final myelination quantity can be
referred solely to the function of the Schwann
cells. Interestingly, other coculture studies
using LY294002, a specific inhibitor for PI-3K,
revealed that inhibition of PI-3K pathways is
critical for myelin formation during the first 3 d
from the induction with myelin-forming
medium (41). The finding that LY294002 fails to
inhibit myelin formation in later periods sug-
gests that PI-3K pathways in Schwann cells
play pivotal roles in the initial step of myelin
formation.

Numerous signals are considered as candi-
dates for downstream effectors of PI-3K–Akt
pathways in various cell types. Glycogen syn-
thase kinase-3β is one of these candidates, but
the precise function of this molecule in
Schwann cell differentiation is unknown
(36,42). As for activators of PI-3K pathways,
IGF-I appears to be the only RTK ligand to
convey strong PI-3K activation and weak
MAPK activation thus far, and it also
enhances Schwann cell differentiation. There-
fore, one can expect to use IGF-I to resolve
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clinical problems in which Schwann cell matu-
ration is required, such as remyelination after
peripheral nerve grafts (43). An investigation
further downstream of Akt or Glycogen syn-
thase kinase 3β would provide more specific
therapeutic targets to control Schwann cell dif-
ferentiation and myelination.

We mentioned the suppressive effects of
MAPK pathways on Schwann cell differentia-
tion and that neuregulin EGF-domain reduces
promyelinating gene expression through these
pathways. However, a recent study using trans-
genic mice provided strong evidence that
neuregulin—particularly neuregulin 1 type III
expressed on axonal membrane—promotes
Schwann cell myelination (44). In these mice,
neuregulin 1 type III is overexpressed in axons,
and a thicker myelin formation can be observed
in peripheral nerves compared to wild-type
mice. Even axons of a smaller diameter, which
usually maturate as unmyelinated fibers, can
be myelinated when the transgene is over-
expressed in these axons (45). Although the
intracellular signals—particularly activation of
MAPK pathways—of Schwann cells within the
developing peripheral nervous system of these
transgenic mice remain unknown, membrane-
bound neuregulin 1 type III and soluble recom-
binant neuregulin EGF-domain may exert
different effects on MAPK activation. Alterna-
tively, Schwann cells in vivo may use some
machinery to reduce the activation of MAPK
pathways while they maintain their neuregulin-
triggered PI-3K activation to proceed toward
promyelinating differentiation.

Other Signals in Schwann Cell
Differentiation

cAMP Signals

cAMP signals are regarded to be important
both in proliferation and differentiation of
Schwann cell development. In culture studies,
elevation of cAMP by db-cAMP or forskolin
leads to upregulation of promyelinating
genes such as P0, MAG, and transcriptional

factor Oct-6 (2,46). Because these pathways
also play a pivotal role in proliferation, it has
been suggested that cAMP acts as a mitogen
in the proliferating condition of Schwann
cells, and when the cells cannot proliferate
because of either contact inhibition or low
serum concentration, it induces promyelinat-
ing differentiation (47). However, although
forskolin increases the transcriptional activi-
ties of MAG promoter, no evidence exists that
any one of the cAMP signal downstream
effectors, such as CREB, binds to a promoter
of mag gene as an enhancer (48). Therefore,
cAMP signals may regulate differentiation in
an indirect fashion. Additionally, the method
by which cAMP signals exert distinct functions
in proliferation and differentiation remains
unknown. There are two possible mechanisms
to explain this issue: (a) the downstream of
cAMP can be modified by other signals to
function as a differentiating factor or (b) cAMP
signals exert a more general function to
increase transcriptional activities in a less spe-
cific manner, and other signals determine
which groups of genes are to be activated. In
either scenario, cAMP signals do not appear
to be a main component in deciding cell fate
in Schwann cell differentiation. Neverthe-
less, the finding that IGF-I (a differentiating
cytokine mentioned earlier) requires the ele-
vation of intracellular cAMP level to some
extent to induce promyelinating gene expres-
sion suggests that cAMP signals are necessary
in this context (34). To elucidate the precise
function of cAMP in Schwann cells, we need
to identify specific target molecules of this
signal in the future.

Nuclear Factor-κB Signals

Nuclear factor-κB (NF-κB) is a transcription
factor that regulates gene expression related to
survival and differentiation. In the resting
state, inhibitory κB (IκB) forms a complex with
NF-κB to repress its function. Upon cytokine
stimulation, IκB is phosphorylated by IκB
kinase complex, which induces ubiquitination
and proteasomal degradation of IκB, releasing
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NF-κB to translocate to the nucleus and thereby
effecting changes in transcription (49). NF-κB
has been shown to be necessary for Schwann
cell myelination from coculture studies of
Schwann cells and DRG neurons. Schwann
cells with attenuated NF-κB activation by intro-
ducing a mutated form of IκB failed to form
myelin. Additionally, Nickols et al. (50) recently
reported that NF-κB was highly upregulated in
promyelinating Schwann cells, and DRG cul-
tures taken from mutant mice lacking NF-κB
subunit p65 failed to form myelin. The specific
activator or downstream effectors of this signal
are not yet clear.

The use of coculture experiments has also
revealed the importance of brain-derived
growth factor (BDNF) and neurotrophin-3 (NT3)
in the myelination program. BDNF promotes
myelination via p75 neurotrophin receptor
(p75NTR), whereas NT3 inhibits myelination via
NT3 receptor TrkC (51,52). Interestingly, p75NTR

potently activates NF-κB putatively via TRAF6,
a member of the tumor necrosis factor receptor-
associated factor family (53). Therefore, BDNF
may enhance myelination by activating NF-κB
as well as other downstream molecules of
p75NTR.

Signals From Extracellular Matrix

Schwann cells receive signals for differentia-
tion not only from humoral factors but also
from extracellular matrix—particularly that in
the basement membrane. In coculture experi-
ments, ascorbic acid is necessary for Schwann
cells to form basement membrane and begin
myelination, suggesting that the progression
toward myelin formation requires signals from
the basement membrane (16). Laminin-2 is a
major component of the basement membrane,
and mutation in the gene encoding α2 laminin
chain causes dysmyelinating peripheral neu-
ropathy in patients with congenital muscular
dystrophy (54). β1 integrin—mainly α6β1 inte-
grin—is one of the putative laminin receptors
and Schwann cells lacking β1 integrin fail to
establish a 1:1 relationship with axons in the
myelination process (8). Upon binding to

laminin-2, integrins form clusters and recruit
signaling molecules such as facial adhesion
kinase, paxillin, and Fyn (55). Although the
downstream effectors of this complex are not
yet clear, integrins may interact with cyto-
skeletal structure or regulate myelin-related
gene expressions. Dystroglycan–dystrophin
complex also transmits signals from laminin,
and a mutation in periaxin (one of the com-
ponents of the signaling structure) has been
reported in Charcot-Marie-Tooth disease, which
manifests dysmyelination (56). Periaxin-null
mice can form myelinated axons initially, but
they develop late-onset demyelinating neu-
ropathy, suggesting that signals from the
dystroglycan–dystrophin complex contribute
to the stabilization of myelinated fibers (57,58).

Comparison With Oligodendrocytes

Whereas Schwann cells participate in form-
ing the myelin structure in peripheral nerves,
in central nervous systems (CNS), oligoden-
drocytes form myelin. The major difference
between their functions is that a single Schwann
cell basically myelinates one segment of a sin-
gle axon, whereas a single oligodendrocyte
forms myelin around several axons simultane-
ously. Unlike Schwann cells, oligodendrocytes
arise from neuroepithelium, similarly to neu-
rons and astrocytes. Therefore, besides their
common function in myelination, Schwann
cells and oligodendrocytes are distinct in
origin.

Although intracellular signals in oligoden-
drocytes are not yet clear, similar cytokines to
those found in Schwann cells such as PDGF,
neuregulin, and IGF-I are known to regulate
the proliferation and differentiation of these
cells (59). In terms of differentiation and
myelin formation, IGF-I exerts its effects simi-
larly to Schwann cells. Transgenic mice overex-
pressing IGF-I manifest hypermyelination, and
the deletion mutant of IGF-I leads to
hypomyelination in the CNS of neonatal mice
(60,61). Moreover, transgenic mice expressing
the active form of Akt, an effector of PI-3K,
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under control of the proteolipid protein pro-
moter showed increased myelination (62).
Therefore, PI-3K–Akt pathways located down-
stream of RTKs promote differentiation and
myelination in oligodendrocytes. To date, no
reports have been found regarding the down-
stream effectors of Akt or any suppressive effects
of MAPK on oligodendrocyte differentiation.

Perspectives for Therapeutic
Application of Myelinating Signals

Among the various pathological conditions
in the peripheral nervous system and the CNS,
several disorders are related to the dysfunction
of myelination. Probably the most characterized
myelin disorder is multiple sclerosis, in which
failure of remyelination by endogenous oligo-
dendrocyte precursors has been raised as one of
the key obstacles preventing a cure for the dis-
ease. To date, the subcutaneous injection of IGF-
I has been clinically evaluated for these patients
(63). Schwann cell transplantation is also under
clinical trial in several patients (64); thus far,
however, no evidence exists that implanted cells
can form myelin in once-demyelinated lesions.

Transplantation of Schwann cells is consid-
ered not only in degenerative disorders but
also in traumatic disorders such as spinal cord
injury (65). In this context, Schwann cells are
supposed to function first as a path on which
regenerating axons grow, and then the trans-
planted cells are expected to form myelin
around new axons for proper axonal signal
transmission. Because there are demyelinated
lesions present in traumatic insults to the CNS,
transplanted cells are also expected to remyeli-
nate surviving axons in such cases, which
would otherwise undergo axonal degeneration
later. We believe the proper modification of
Schwann cell or oligodendrocyte differentia-
tion and myelin formation by either gene
transfer or humoral factors would improve the
outcome of these therapeutic approaches to
cure demyelinated lesions. To achieve such
goals, future studies need to specify the intra-
cellular signals for therapeutic target.

Conclusions

This article discussed signal transduction in
Schwann cell proliferation and differentiation
toward myelin forming cells. The determina-
tion of individual cell fate appears to depend
not on a single molecule or signaling pathway
but, rather, on a mutual relationship between
multiple signaling pathways. Signals from
RTK, MAPK, and PI-3K pathways play piv-
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Fig. 2. Schematic view of intracellular signal cas-
cades triggered by receptor tyrosine kinase in
Schwann cell differentiation. Upregulation of myelin-
associated glycoprotein (MAG) messenger RNA
implies a transition from immature Schwann cells to
a promyelinating state, and subsequently, myelina-
tion occurs. Activation of both cAMP and Akt (also
GSK-3β) signals and simultaneous downregulation of
MAPK pathways are required for MAG expression.
Presently, the targets of these three pathways are not
clear. (Reproduced with permission from ref. 36.)



otal roles in both proliferation and differentia-
tion, and the balance between activations of
these two pathways determines resulting cell
functions (Fig. 2). The elevation of intracellular
cAMP concentration also promotes various
cell functions, at least partly, by modulating
other signaling pathways. Therefore, eluci-
dating the relationships and crosstalk mechan-
isms between the different signaling pathways
may convey a new understanding of Schwann
cell biology and may also enable researchers to
solve clinical disorders related to myelination.
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