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Physical damage to the peripheral nerves triggers Schwann cell injury response in the distal nerves in an event termed Wallerian
degeneration: the Schwann cells degrade their myelin sheaths and dedifferentiate, reverting to a phenotype that supports axon regener-
ation and nerve repair. The molecular mechanisms regulating Schwann cell plasticity in the PNS remain to be elucidated. Using both in
vivo and in vitro models for peripheral nerve injury, here we show that inhibition of p38 mitogen-activated protein kinase (MAPK) activity
in mice blocks Schwann cell demyelination and dedifferentiation following nerve injury, suggesting that the kinase mediates the injury
signal that triggers distal Schwann cell injury response. In myelinating cocultures, p38 MAPK also mediates myelin breakdown induced
by Schwann cell growth factors, such as neuregulin and FGF-2. Furthermore, ectopic activation of p38 MAPK is sufficient to induce myelin
breakdown and drives differentiated Schwann cells to acquire phenotypic features of immature Schwann cells. We also show that p38
MAPK concomitantly functions as a negative regulator of Schwann cell differentiation: enforced p38 MAPK activation blocks cAMP-
induced expression of Krox 20 and myelin proteins, but induces expression of c-Jun. As expected of its role as a negative signal for
myelination, inhibition of p38 MAPK in cocultures promotes myelin formation by increasing the number as well as the length of
individual myelin segments. Altogether, our data identify p38 MAPK as an important regulator of Schwann cell plasticity and
differentiation.

Introduction
Schwann cells are a regenerative cell type, and their plasticity is
essential for their function in facilitating nerve repair. Following
nerve injury, Schwann cells distal to the injury site demyelinate
and convert to a proliferative phenotype that shows similarities
with immature Schwann cells, while also providing a strikingly
growth-supportive environment that facilitates axon regrowth
and remyelination. The molecular trigger that initiates the early
components of the Schwann cell injury response, demyelination
and dedifferentiation, is largely unknown; however, it is becom-
ing increasingly clear that the signal is mediated by activation of
intracellular signaling cascades and gene regulatory proteins.

Among these, members of the mitogen-activated protein kinase
(MAPK) family, including extracellular signal-regulated protein
kinases (Erks) and c-jun N-terminal protein kinases (JNKs), have
been shown to play a role in mediating the injury signal that
initiates Schwann cell dedifferentiation process. These MAPKs
also act as negative regulators of Schwann cell differentiation and
myelination, thus facilitating the transition toward the immature
phenotype (Harrisingh et al., 2004; Ogata et al., 2004; Parkinson
et al., 2008; Syed et al., 2010).

The role of p38 MAPK, another member of the MAPK family,
in regulating Schwann cell plasticity and development is less
clear; however, previous studies have implicated its role in initi-
ating the Schwann cell injury response: after nerve injury, p38
MAPK is rapidly activated in the distal Schwann cells, which
induces expression of various injury-responsive genes (Myers et
al., 2003; Zrouri et al., 2004). The role of p38 MAPK in regulating
Schwann cell development has also been suggested. Fragoso et al.
showed that p38 MAPK activation mediates laminin signaling in
Schwann cells that regulate cell elongation and alignment along
axons, a process prerequisite for myelination. Accordingly, inhi-
bition of p38 MAPK blocks Schwann cell myelination in cultures
(Fragoso et al., 2003). However, the direct role of p38 MAPK in
regulating Schwann cell differentiation and myelination past the
initial events of Schwann cell–axon alignment is unclear. In oli-
godendrocytes, p38 MAPK function is essential for oligodendro-
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cyte progenitor cell proliferation and lineage progression. The
kinase also regulates oligodendrocyte differentiation by promot-
ing myelin gene expression, indicating its role in regulating CNS
myelination (Baron et al., 2000; Bhat et al., 2007; Fragoso et al.,
2007; Chew et al., 2010).

In this study, we further investigate the functions of p38
MAPK in Schwann cells. We show that p38 MAPK mediates the
Schwann cell injury response in vivo: inhibition of the kinase
activity blocks demyelination in the distal nerves. We also show
that p38 MAPK promotes Schwann cell dedifferentiation by
downregulating myelin proteins and increasing expression of
c-Jun, a transcription factor associated with the immature and
denervated adult Schwann cell phenotypes. Furthermore, we
provide evidence that p38 MAPK acts as a negative regulator of
Schwann cell differentiation and myelination. Ectopic activation
of the p38 MAPK pathway inhibits cAMP-induced Schwann cell
differentiation and myelin gene expression. Finally, we show that
inhibition of the kinase activity increases Schwann cell myelin
formation in culture. These results demonstrate a distinct role of
p38 MAPK in regulating myelination in the PNS.

Materials and Methods
Antibodies and growth factors. For immunofluorescence analysis, mono-
clonal antibody (SMI94) to myelin basic protein (MBP; Covance) was
used at 1:500. Polyclonal antibodies to phospho-p38 MAPK (p-p38); Cell
Signaling Technology) and neurofilament NF-M (Covance) were used at
1:400 and 1:1000, respectively. For Western blot analysis, monoclonal
antibodies to phospho-Akt (Cell Signaling Technology) and polyclonal
antibody to phospho-Erk1/2 (Promega) were used at 1:1000 and 1:5000,
respectively. Polyclonal antibodies to Akt (Cell Signaling Technology)
and Erk1/2 (Promega) were used at 1:1000 and 1:5000, respectively. Poly-
clonal antibodies to phosphor-p38 MAPK (Cell Signaling Technology),
p38 MAPK (Cell Signaling Technology), and c-Jun (BD Bioscience) were
all used at 1:1000. Periaxin antibody was a gift from Peter Brophy (Uni-
versity of Edinburgh, Edinburgh, UK) (Gillespie et al., 1994). Monoclo-
nal antibodies to Flag (GenScript) were used at 1:1000. Recombinant
human epidermal growth factor (EGF) domain fragments of
neuregulin-1 (Nrg1) and fibroblast growth factor 2 (FGF2) and were
purchased from R&D Systems.

Culture media. Culture media used were as follows: NB media [neu-
robasal medium with B-27 supplement, 0.08% glucose, 1% glutamine,
and 0.1 mg/ml penicillin/streptomycin, and 50 ng/ml nerve growth fac-
tor (NGF)]; NB-HS media [NB media further supplemented with 5%
horse serum (Sigma) and NGF at a concentration of either 35 or 100
ng/ml]; C media [minimal essential medium (Invitrogen) supplemented
with 10% fetal bovine serum (FBS), 1% glutamine, 0.4% glucose, 0.1
mg/ml penicillin/streptomycin, and 50 ng/ml NGF].

Schwann cell–DRG coculture. Schwann cells were prepared from sciatic
nerves of newborn rats (2 d old) as described previously (Brockes et al.,
1979). For routine cultures, Schwann cells were grown in DMEM (Mediat-
ech) with 10% FBS (Mediatech) supplemented with 10 ng/ml Nrg1 and 2 �M

forskolin (Sigma-Aldrich). Cells between passages 2 and 5 were used in all
experiments described. For dorsal root ganglion (DRG)–Schwann cell co-
cultures, dissociated DRG were prepared from embryonic day 15.5 (E15.5)
rat embryos as described previously (Eldridge et al., 1987) and plated onto
Matrigel (BD Biosciences)-coated 12 mm glass coverslips at a density of 0.8
DRG/coverslip. Five to six hours later, the cultures were flooded with NB
media containing 15 �M 5-fluorodeoxyuridine (FdUr) (Sigma-Aldrich) and
uridine (Sigma-Aldrich). Cultures were maintained in the medium for an
additional 3–4 d to remove proliferating non-neuronal cells, and then were
switched to fresh medium without FdUr and a uridine mixture and main-
tained until the DRG axons reached the periphery of the coverslips. Subse-
quently, Schwann cells were plated onto the neurons at a density of 100,000
cells/coverslip in C media. Five to seven days later, 50 �g/ml ascorbic acid
was added to C media to initiate myelination.

Establishment of Schwann cell–DRG compartmentalized coculture sys-
tem. Dorsal root ganglion neurons were plated into the center chamber of

compartmentalized chambers (Campenot chambers) (Campenot, 1982;
Campenot and Martin, 2001), as described previously (Guertin et al.,
2005), with the following modifications: on day 1, five to six dissociated
DRGs were plated into the center chamber in 35 �l of NB-HS medium
containing 100 ng/ml NGF and 15 �M FdUr. The same medium was used
to fill the side chambers. On day 2, the spaces outside of the Teflon
divider were filled with NB-HS medium containing 35 ng/ml NGF and
15 �M FdUr. On day 5, fresh media without FdUr, containing 35 and 100
ng/ml NGF were added to the center and the side chambers, respectively.
Cells were maintained in this media for 2 weeks to allow axons to grow
into the side compartments. After 2 weeks, Schwann cells were seeded
onto axons in the side compartments at a density of 100,000 cells/com-
partment in C media. Five days later, myelination was initiated by sup-
plementing C media with 50 �g/ml ascorbic acid (Eldridge et al., 1987).
Cells were fed with fresh medium every other day. Within 4 weeks, uni-
directional myelinated axons were formed along the tracks in the side
compartments. Before use, chambers were subjected to a leak test by
using a tracking dye for visual detection as described previously (Esper
and Loeb, 2004). To induce demyelination, axons in side chambers were
cut with a razor blade. For p38 MAPK inhibition, the myelinated axons
were pretreated with SB203580 (7.5 �M) (LC Laboratories) or the carrier
DMSO for 1 h, then the axons were cut. Axons were maintained in the
same media for 24 h before they were fixed and immunostained for MBP.

Growth factor-induced demyelination. Twelve days after the initiation
of myelination, DRG–Schwann cell cocultures were treated with 1 nM

EGF domain fragment of Nrg1 or FGF2, with forskolin (Sigma-Aldrich)
for 36 h in C media, after which they were processed for immunocyto-
chemistry (MBP) or collected into lysates for Western blot analysis.

Mouse sciatic nerve injury and tissue processing. Eight-week-old
C57BL/6 female mice were anesthetized, and the sciatic nerves were ex-
posed and transected at �0.5 cm distal to the sciatic notch. To examine
the effect of p38 MAPK inhibition on Schwann cell demyelination, mice
received daily injections (intraperitoneally) of SB203580 at 60 mg/kg
starting from 24 h before the surgery. Three days later, mice were per-
fused, and the nerves were harvested and fixed in 4% paraformaldehyde
overnight. The nerves were then cryoprotected in 30% sucrose for 2 d
before they were mounted in OTC medium and processed for immuno-
histochemistry. All experiments were performed in accordance with the
Rutgers, the State University of New Jersey, Institutional Animal Care
and Use Committee guidelines.

Dedifferentiation of denervated Schwann cells. Schwann cells were pu-
rified from postnatal day 4 (P4) rat sciatic nerve by trypsin/collagenase
digestion followed by immunopanning using Thy1-coated cell culture
dishes to remove contaminating fibroblasts. Cells were plated at a density
of 5000 cells in a 15 �l drop on laminin/poly-D-lysine-coated coverslips,
as previously described (Parkinson et al., 2001). Time 0 controls were
fixed 3 h after plating. Sister coverslips were topped up with defined
medium alone (Jessen et al., 1994) or defined medium supplemented
with neuregulin-1 (20 ng/ml) in the presence or absence of 10 �M

SB203580. Forty-eight hours later, coverslips were fixed in 4% parafor-
maldehyde and immunolabeled with antibodies to periaxin. Percentages
of positive periaxin cells are given relative to the number of positive cells
at time 0 of the experiment. All experiments were performed in triplicate,
and statistical analysis was performed using the Student’s t test.

Immunostaining on cells and sciatic nerve sections. Immunofluores-
cence staining for MBP was carried out as follows. Cocultures or frozen
nerve sections were fixed in 4% paraformaldehyde for 20 min. After
washing three times with PBS, samples were permeabilized in ice-cold
methanol for 25 min and then incubated in blocking solution (5% nor-
mal goat serum prepared in PBS supplemented with 0.3% Triton X-100)
for 1 h at room temperature. This was followed by incubation with MBP
primary antibody prepared in blocking solution at 4°C overnight. After
PBS washes, samples were incubated with Alexa Fluor 488-conjugated
goat anti-mouse secondary antibody (Invitrogen) for 45 min. Cell nuclei
were stained with DAPI or DRAQ5. For phospho-p38 MAPK immuno-
histochemistry, nerve sections were blocked with 2% normal goat-serum
with 0.3% Triton X-100 for 1 h at room temperature, and incubated for
2 d at 4°C with anti-p-p38 antibody at 1:400 dilution, as described pre-
viously (Jin et al., 2003). Incubation with the secondary antibody was
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done as described above. Dual labeling for Flag
and phalloidin was performed as follows. Cells
were fixed in 4% paraformaldehyde for 10 min,
washed three times with PBS, and then incu-
bated in blocking solution for 1 h at room tem-
perature. Primary antibodies against FLAG
and Alexa Fluor 488-conjugated goat anti-
mouse secondary antibodies were applied and
washed as before. After nuclei staining, cells
were incubated in Alexa Fluor 546-conjugated
phalloidin (Invitrogen), diluted 1:50 in block-
ing solution, for 30 min. Immunolabeling with
periaxin antibodies was performed as de-
scribed previously (Parkinson et al., 2004).

SDS-PAGE and Western blot analysis. To pre-
pare the cell lysates, cocultures were washed twice
in PBS and then lysed in 300 �l of ice-cold lysis
buffer (20 mM Tris-HCl, pH 7.4, 1% NP-40, 10%
glycerol, 2.5 mM EGTA, 2.5 mM EDTA, 150 mM

NaCl, 20 �M leupeptin, 10 �g/ml aprotinin, 1 mM

PMSF, 1 mM sodium orthovanadate, and 10
mM sodium fluoride). Lysates were cleared by
centrifugation for 15 min at 12,000 � g at 4°C,
and the supernatants were collected. Thirty-
five micrograms of the total proteins were size
fractionated via 10% SDS-PAGE and trans-
ferred onto PVDF membrane. After blocking
in 5% milk, the membranes were incubated
with appropriate primary antibodies prepared
in TBST (TBS plus 0.1% Tween 20) containing
5% bovine serum albumin. After incubation
with infrared-dye-conjugated secondary anti-
bodies, the protein bands were visualized and
quantified on the Li-Cor Odyssey imaging
system.

Lentivirus transduction of Schwann cells. Con-
stitutively activated MKK6 expression plasmid
pcDNA3-Flag MKK6-Glu was obtained from
Addgene. The transgene was inserted into the en-
try vector pEN_TTmcs (Addgene) via PCR-
generated XhoI/SpeI restriction sites. LR clonase
II (Invitrogen) was then used to mediate recom-
bination between the MKK6-Glu-containing en-
try vectors with pSLIK lentivirus vector (Shin et
al., 2006). Lentiviruses were produced by trans-
fecting 293FT cells (6 � 106 cells) (Invitrogen)
with the following DNA constructs: envelop plas-
mid pMD2.G (7 �g); packaging plasmid psPAX2
(14 �g) (Addgene); and the lentivirus vector
MKK6-Glu pSLIK (55 �g). Forty-eight hours af-
ter transfection, supernatant was harvested and
placed on Schwann cells (330,000 cells/infection)
in the presence of EGF-domain neuregulin (20
ng/ml), Forskolin (2.5 �M), and protamine (10
�g/ml). Sixteen hours after the infection, the viral
supernatant was removed, and the Schwann cells
were expanded in the presence of the growth fac-
tors. To induce the transgene expression, 1 �g/ml
doxycycline (Clontech) was added to the culture
media.

Quantification of demyelination and myelina-
tion. Schwann cell demyelination in cocultures
was assessed as previously (Zanazzi et al., 2001;
Guertin et al., 2005). After immunostaining for
MBP, MBP-positive (MBP�) myelin segments
were examined by epifluorescence microscopy on a Nikon E800 microscope
with a 40� objective. The levels of demyelination were determined by the
percentage of MBP� myelin segments that show signs of myelin break-
down, such as beading and fragmentation of the internodes. The num-

bers of normal and degenerating myelin segments were counted from 10
random fields selected across each coverslip, two coverslips per experi-
ment from a total of three independent experiments. To determine the
extent of demyelination in vivo, after immunostaining for MBP, epiflu-

Figure 1. In vivo inhibition of p38 MAPK activity blocks Schwann cell demyelination in distal sciatic nerves following axotomy. A, Top,
Longitudinal sections of distal mouse sciatic nerve harvested 6 h after axotomy. Immunostaining for p-p38 shows activation of the kinase
in the distal nerves. Scale bar, 50�m. Bottom, Cross sections of the distal nerves 6 h postaxotomy coimmunostained with S100 (green) and
phospho-p38 MAPK. Activation of p38 MAPK is seen in S100�Schwann cells, including the myelinating Schwann cells (arrows). Scale bar,
10 �m. B, Cross sections of mouse distal sciatic nerves immunostained for MBP (green) and neurofilament (NF, red). Images taken at a
higher magnification are shown in the insets. In normal nerves (uncut), MBP�myelin rings are visible, associated with NF�axons. Three
days after nerve cut, myelin and the axons degenerate. Systemic injection of SB203580 inhibits myelin breakdown. Myelin rings without
associatedaxonsareshown(arrows).Scalebar,20�m. C,Quantificationoftheresultsshownin B.QuantitativeimageanalysisoftheMBP�area,
expressedasapercentageoftheareawithinthenerve.*p�0.05.D,Crosssectionsofthedistalsciaticnervesharvested6hafteraxotomy.Systemic
injectionofSB203580blockedp38MAPKactivation,visualizedbyimmunostainingforphospho-p38MAPK.Scalebar,50�m.
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orescence images of transverse sections of mouse sciatic nerves were
collected from three animals per condition. Using ImageJ (NIH) soft-
ware, MBP-positive areas were determined. To determine whether inhi-
bition of p38 MAPK promotes myelination, cocultures were treated with
SB203580 3 d after the initiation of myelination. Six to seven days later,
coverslips were fixed and processed for MBP immunofluorescence. The
numbers of MBP-positive myelin segments were counted from individ-
ual fields imaged under a 10� objective. A total of 12–32 fields were
imaged from each coverslip with four to five coverslips used per condi-
tion per experiment. Data were collected from three independent exper-
iments. Myelin index values were determined as we have described
previously (Syed et al., 2010). One-way ANOVA or Student’s t test was
performed using SigmaStat 3.5 software.

Results
p38 MAPK mediates Schwann cell demyelination during
Wallerian degeneration
Physical damage to peripheral nerves triggers myelin breakdown
distal to the injury, a process termed Wallerian degeneration.
Previous studies have shown that p38 MAPK is activated in the
distal nerve stumps soon after nerve injury, suggesting that it may
play a role in initiating the injury response (Myers et al., 2003;
Zrouri et al., 2004; Yamazaki et al., 2009). To localize the source
of early p38 MAPK activation, we performed immunostaining
using activation state-specific antibody to p38 MAPK (p-p38
MAPK) on mouse distal nerve sections prepared 6 h after axo-
tomy (Fig. 1A). The time point was chosen because at this early
stage of Wallerian degeneration, the distal Schwann cells are yet
to show any obvious signs of myelin breakdown. It is also unlikely
that invading macrophages would be present in the distal nerves
to contribute to the p38 MAPK activation. Following nerve in-
jury, there was a drastic increase in phospho-p38 MAPK immu-
noreactivity in the distal nerves, in agreement with the previous
reports (Fig. 1A). Double immunostaining on cross sections
showed p38 MAPK activation in Schwann cells (S100 positive),
including ones that appeared to be associated with single axons,
indicating myelinating Schwann cells.

The Schwann cell-specific p38 MAPK activity at this stage
suggests a role in initiating the Schwann cell injury response. If
this is the case, inhibition of the injury-induced kinase activation
should block myelin breakdown in the distal nerves. To block p38
MAPK activation in vivo, we used SB203580, a specific inhibitor
of p38 MAPK (Cuenda et al., 1995). Systemic injection of
SB203580 has been shown to block p38 MAPK signaling in vivo
(Escott et al., 2000; Costantini et al., 2009). We injected adult
mice with SB203580 and 24 h later injured the sciatic nerves by
complete cut (i.e., axotomy). Control mice were injected with the
carrier DMSO. After daily injections of the inhibitor for 3 d,
transverse distal nerve sections were prepared and demyelination
was assessed by immunostaining for MBP (Fig. 1B). In normal
sciatic nerves without injury (uncut), individual myelin units
(MBP positive) were visible, each forming a 1:1 association with
the axon (neurofilament positive). In injured nerves without the
inhibitor, demyelination was clearly seen, as most of the myelin
rings appeared collapsed and fragmented. Axon degeneration
was also evident, as shown by the loss of the neurofilament stain-
ing. In SB203580-treated animals after injury, we observed that
distal myelin rings were still visible without obvious signs of ac-
tive demyelination. Image analysis showed that while there was
an approximate 54% decrease in the MBP� area in control
nerves after injury compared with the uncut nerve, indicating
myelin loss, no significant decrease was seen SB203580 nerves
postinjury (Fig. 1C). It was also interesting to note that the myelin
rings in SB203580 nerves were often seen without the associated

neurofilament-positive axons, indicating that the Schwann cells
were able to retain the myelin despite the axon loss. SB203580
treatment did not affect the myelin integrity in normal nerves
(data not shown), indicating that the basal level p38 MAPK ac-
tivity was not required for the myelin maintenance. Immuno-
staining for phospho-p38 MAPK confirmed that the systemic
injection of the inhibitor successfully blocked injury-induced p38
MAPK activation in the distal nerves (Fig. 1D).

Sciatic nerves contain other cell types including perineurial
fibroblasts and endothelial cells. As mentioned above, macro-
phages also invade distal nerves to clear up myelin debris. To rule
out the possibility that the inhibitory effect of SB203580 on de-
myelination was due to a secondary effect on other cell types, we
conducted a similar experiment using our in vitro model for PNS
nerve injury. As described in our previous report (Guertin et al.,
2005), this culture system consists of only two cell types: DRG
neurons and Schwann cells. However, unlike the conventional
Schwann cell–neuron cocultures, the myelinated axons are estab-
lished in side chambers separated from the neuronal somas in the
middle, which allows a group of axons to be severed in synchrony
(Fig. 2A). Furthermore, myelinated axons and the neuronal cell
bodies render themselves separately to pharmacological and ge-
netic manipulations. We pretreated myelinated axons on one
side with SB203580 and the ones on the control side with DMSO.

Figure 2. Inhibition of p38 MAPK blocks Schwann cell demyelination in compartmentalized
myelinating cocultures. A, Schematic diagram of the compartmentalized coculture system. DRG
neurons are plated in the center chamber after which the axons grow out to the side chambers
while the cell bodies remain in the center. Schwann cells are added to the side chambers, which
later form myelin on the axons. B, Percentage of myelin segment undergoing demyelination
after axotomy in the absence or in the presence of SB203580 (7.5 �M). *p � 0.001. C, Images
of the MBP-positive myelinated axons in the side compartments 24 h after axotomy. Degener-
ating myelin segments (arrows) are clearly seen on cut axons: myelin segments are fragmented
or exhibit beaded morphology. SB203580 treatment inhibits axotomy-induced demyelination.
Scale bar, 50 �m.
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Forty-eight hours after severing the axons,
demyelination was assessed by immuno-
staining for MBP. In the control side after
axotomy, the MBP� myelin segments ap-
peared beaded and fragmented, indicat-
ing myelin degeneration (Fig. 2C). The
percentage of degenerating myelin was
52% compared with the basal level (2–
3%) seen in the absence of axotomy (Fig.
2B). In the presence of the p38 MAPK in-
hibitor, only 23% of the myelin segments
showed signs of demyelination, such as
beading and fragmentation, indicating
that p38 MAPK inhibition attenuated the
axotomy-induced myelin breakdown.
SB203580 treatment on neuronal cell
bodies in the center chamber had no effect
on demyelination (data not shown), sug-
gesting that the injury-induced neuronal
p38 MAPK activity (Kim et al., 2002) did
not contribute to the Schwann cell re-
sponse. These experiments show that
Schwann cell p38 MAPK activity plays a
direct role in initiating injury-induced
demyelination.

p38 MAPK mediates growth
factor-induced demyelination
The Schwann cell mitogen neuregulin has
been implicated in initiating Schwann cell
demyelination: it triggers myelin breakdown when added to
Schwann cell–DRG cocultures (Zanazzi et al., 2001). Furthermore,
inhibition of the receptor erbB2 activity blocks injury-induced de-
myelination both in vivo and in vitro (Guertin et al., 2005). Since the
experiment above showed that p38 MAPK mediates injury-induced
Schwann cell demyelination, we investigated whether the kinase
function is involved in neuregulin-induced demyelination in cocul-
tures. Fully myelinated cultures that had been preincubated with
SB203580 were treated with neuregulin 1 (the EGF domain of neu-
regulin 1), and demyelination was assessed 48 h later. Figure 3A
reveals that neuregulin-induced demyelination was significantly de-
creased in the presence of the inhibitor. Corresponding immuno-
blots show the specificity of SB203580 on neuregulin-induced p38
MAPK activity but not on other kinases such as Akt, Erk, and JNK
(Fig. 3B). This is important since neuregulin-induced Erk activation
has been shown to trigger Schwann cell demyelination (Harrisingh
et al., 2004).

FGF2 is another growth factor that stimulates Schwann cell pro-
liferation. Unlike neuregulin, however, it requires an increase in in-
tracellular cAMP to elicit the biological effect (Davis and Stroobant,
1990). We observed that FGF2, when combined with forskolin, also
elicited a degenerative effect on the Schwann cell myelin (Fig. 3B) in
cocultures. As seen with neuregulin, FGF2-induced demyelination
was blocked by SB203580. Representative images of FGF2-treated
cocultures are shown in Figure 3C. Altogether, these results show
that p38 MAPK activity mediates growth factor-induced Schwann
cell demyelination.

Inhibition of p38 MAPK blocks Schwann
cell dedifferentiation
After Schwann cells lose contact with the axons after injury, they
downregulate myelin proteins and re-express genes associated
with the immature state. Since the Schwann cell p38 MAPK ac-

tivity is involved in initiating demyelination, we investigated
whether the kinase plays a role in promoting Schwann cell dedi-
fferentiation. When Schwann cells are dissociated from nerves
and plated in cultures, they spontaneously dedifferentiate in the
absence of the axon contact, which can be detected by the loss of
the myelin phenotype (Parkinson et al., 2008). Immunostaining
for myelin protein periaxin showed that while �34% of the de-
nervated Schwann cells expressed periaxin at the time of plating
(0 h), the percentage decreased to 3.05% after being maintained
in defined media for 48 h, indicating that most of the Schwann
cells dedifferentiated over time (Fig. 4). In the presence of neu-
regulin, the dedifferentiation process was further accelerated, as
reported previously. When denervated Schwann cells were main-
tained in the presence of a p38 MAPK inhibitor, a significant
number of Schwann cells (15.8%) retained periaxin expression at
48 h, indicating that inhibition of the kinase activity attenuated
Schwann cell dedifferentiation. The p38 MAPK inhibition was
also effective in blocking periaxin downregulation in neuregulin-
treated cultures: 20.7% of cells remained periaxin positive com-
pared with 1.2% in the absence of the inhibitor. A similar result
was shown in the corresponding Western blot analysis. An iden-
tical effect of p38 MAPK inhibition in maintaining the myelinat-
ing phenotype of Schwann cells in vitro was also seen with the
myelin protein P-zero (data not shown). These results indicate
that p38 MAPK plays an essential role in promoting Schwann cell
dedifferentiation.

Activation of MKK6 is sufficient to initiate Schwann cell
demyelination and dedifferentiation
So far, our data demonstrate that inhibition of p38 MAPK blocks
Schwann cell demyelination and dedifferentiation. Next, we in-
vestigated whether p38 MAPK activation is sufficient to initiate
the processes. Our strategy was to express a constitutively active

Figure 3. Inhibition of p38 MAPK blocks growth factor-induced Schwann cell demyelination. A, Myelinated cocultures were
treated with neuregulin or FGF2 (1 nM) � Forskolin (2 �M). Thirty-six hours later, demyelination was assessed by immunostaining
for MBP. Treatment with SB203580 decreased growth factor-induced Schwann cell demyelination. *p � 0.01. B, SB203580 (7.5
�M) blocks neuregulin-induced p38 MAPK activation without affecting the other kinases. Fully myelinated cocultures were treated
with neuregulin (1 nM) with or without SB203580. Eight hours later, various kinase activations were assessed by Western blot
analysis. C, Images of MBP-positive myelin segments treated with FGF2� Forskolin with or without SB203580 (7.5 �M). Scale bar,
50 �m.
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form of MKK6 (MKK6-Glu), a direct and specific upstream ac-
tivator of p38 MAPK (Enslen et al., 1998, 2000), in fully myelin-
ated or differentiated Schwann cells. To ensure that MKK6-Glu
expression did not interfere with the normal differentiation pro-
gram (see Fig. 6), we infected Schwann cells with lentiviruses
harboring MKK6-Glu under the control of a doxycycline-
inducible promoter. The immunoblot in Figure 5A shows that
the addition of doxycycline to the culture media induced MKK6-
Glu (Flag�) expression and was sufficient to induce p38 MAPK
activation in infected Schwann cells. To determine whether p38
MAPK triggers demyelination, we established myelinating cocul-
tures using control or MKK6-Glu Schwann cells in doxycycline-
free media. After the axons were fully myelinated, Schwann cell
p38 MAPK was activated by doxycycline and demyelination was
assessed 48 h later. As shown in Figure 5B extensive demyelina-
tion occurred in MKK6-Glu cultures in a doxycycline-dependent
manner. In control noninfected cultures, doxycycline did not
affect the myelin. Representative images of the cultures are shown
in Figure 5C.

Next, we assessed the effect of MKK6-Glu expression on dif-
ferentiated Schwann cells. Cultured Schwann cells differentiate
to a myelinating phenotype when exposed to agents that increase
intracellular cAMP. As shown in Figure 5D, after db-cAMP treat-
ment for 3 d, most of the Schwann cells acquire flattened mor-
phology, which is distinguished from the spindle-shaped
nondifferentiated Schwann cells. They also express myelin-
related proteins such as MAG and Krox 20 while downregulating
immature Schwann cell markers such as c-Jun (Fig. 5E). To de-
termine whether p38 MAPK activation is sufficient to drive
Schwann cell dedifferentiation, MKK6-Glu Schwann cells were
first differentiated with db-cAMP for 3 d, then treated with doxy-
cycline. Images show a drastic change in cell shape in MKK6-Glu-
expressing Schwann cells (Flag positive), which reverted back to
the nondifferentiated phenotype. All of the Flag-positive cells
exhibited the nondifferentiated morphology indicating that p38-
MAPK activation drove Schwann cell dedifferentiation with high
efficiency. Flag-negative cells within the same culture maintained
the flattened, differentiated morphology. The Schwann cells also
lost MAG and Krox 20 expression upon MKK6-Glu expression
but reacquired c-Jun, indicating that they dedifferentiated to the
immature phenotype. Altogether, these experiments show that
p38 MAPK activation is sufficient to trigger Schwann cell demy-
elination and dedifferentiation.

p38 MAPK is a negative regulator of Schwann cell
differentiation and myelination
So far, our data suggest that p38 MAPK activation promotes the
denervated Schwann cell phenotype. To determine whether the
kinase activity is developmentally regulated during Schwann cell
differentiation in vivo, we determined the activation levels of p38
MAPK in embryonic and postnatal rat sciatic nerves by Western
blot analysis (Fig. 6A). The kinase activity was high in E17 nerves
then dropped postnatally at P1, coinciding with the transition of
immature Schwann cells to the myelinating phenotype. The ac-
tivity continued to decrease as the myelination continued and
was barely detectable in mature nerves. This observation along
with the data above led us to hypothesize that p38 MAPK may act
as a negative regulator of Schwann cell differentiation and the
myelin program. We tested the hypothesis by determining
whether ectopic p38 MAPK activation is sufficient to block
Schwann cell differentiation and myelin gene expression induced
by cAMP. MKK6-Glu Schwann cells were treated with doxycy-
cline to activate p38 MAPK then differentiated by exposing them

to db-cAMP for 3 d. Control cultures were treated with db-cAMP
in the absence of doxycycline. Control Schwann cells exhibited
the characteristic differentiated morphology and upregulated
MAG and Krox 20 as expected (Fig. 6B). In the presence of doxy-
cycline, which induced MKK6-Glu expression, the Flag-positive
Schwann cells failed to adopt the differentiated morphology
while the Flag-negative cells within the same culture differenti-
ated normally. Schwann cells also failed to express MAG and
Krox 20 when MKK6-Glu was expressed (Fig. 6C). This result
indicates that ectopic activation of p38 MAPK inhibits Schwann
cell differentiation.

If p38 MAPK functions as a negative signal for myelination,
inhibition of the activity is expected to promote Schwann cell
differentiation associated with the myelin phenotype. To test this,
we first examined the effect of p38 MAPK inhibition on cAMP-
induced Krox 20 expression. In control cultures, Schwann cells
exhibited a dose-dependent response to db-cAMP: �0.9%, 16%
and 79% of the Schwann cells were Krox 20 positive when ex-
posed to 0.05, 0.1, and 1 �M db-cAMP, respectively. Cotreatment
with SB203580 enhanced the differentiation effect, with the most
dramatic increase seen under the low dose (0.05 mM) of cAMP

Figure 4. Inhibition of p38 MAPK blocks dedifferentiation of denervated Schwann cells. A,
Schwann cells from P4 rat sciatic nerves were immunostained for periaxin 3 h after plating on
coverslips after digestion of the nerves (Time 0; 0 h) or 48 h later. A decrease in the periaxin
immunoreactivity is seen at 48 h compared with the time 0 control. Neuregulin facilitates the
dedifferentiation process. Treatment with SB202190 (10 �M) blocks the loss of periaxin even in
the presence of neuregulin (20 ng/ml). Corresponding Western blot is shown on the top right. B,
Quantification of the results presented as the percentage of periaxin-positive cells. *p � 0.005.
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(Fig. 7A). A similar result was obtained
when Schwann cell differentiation was as-
sessed by the periaxin expression (Fig. 7B).
The corresponding Western blot shows the
increase in Krox 20 and periaxin protein lev-
els when low cAMP (0.05 �M) was com-
bined with p38 MAPK inhibition (Fig. 7C).
Double immunostaining images in Figure
7D indicate that induction of Krox-20 was
accompanied by downregulation of c-Jun,
an expected result if nondifferentiated
Schwann cells were transitioning into the
myelin phenotype (Fig. 7D) (Parkinson et
al., 2008). SB203580 treatment alone, in the
absence of db-cAMP, was not sufficient to
induce the myelin-associated proteins or
downregulate c-Jun (data not shown). This
experiment demonstrates that inhibition of
the basal p38 MAPK activity is sufficient to
promote cAMP-induced Schwann cell
differentiation.

Next, we investigated whether p38
MAPK inhibition promoted Schwann cell
myelination in cocultures. A previous study
has shown that p38 MAPK mediates ascor-
bic acid-induced laminin signaling in
Schwann cells. Thus, when inhibited, it dis-
rupts the basal lamina deposition and inter-
feres with the Schwann cell alignment along
the axons, steps that are a prerequisite for
myelination (Fragoso et al., 2003). There-
fore, to determine the effect on myelination
without affecting these early steps, we first
maintained the cocultures in normal myeli-
nating media to allow the initial Schwann
cell–axon interaction to occur. After 3 d,
cultures were treated with SB203580 and
myelination was assessed 6–7 d later. Data
collected from three independent experi-
ments showed that SB203580 treatment sig-
nificantly increased the formation of myelin
segments in a dose-dependent manner
(Fig. 7E). We also observed that the aver-
age length of myelin segments was slightly
longer by 10 –11% when p38 MAPK was
inhibited compared with the control co-
cultures (Table 1). Western blot analysis
showed that the decrease in p38 MAPK
activity in cocultures was accompanied by
an increase in the expression of MAG, a
myelin-related protein (Fig. 7F). Alto-
gether, these results strongly support the notion that p38 MAPK
functions as a negative regulator of Schwann cell differentiation
and myelination.

Discussion
The Schwann cell plasticity is essential for nerve regeneration and
repair in the PNS. However, the molecular mechanisms govern-
ing the process still remain to be elucidated. In this study, we
show that p38 MAPK activation in distal Schwann cells mediates
the nerve injury signal that triggers demyelination. We also show
that the kinase drives Schwann cell dedifferentiation by down-
regulating myelin proteins and inducing c-Jun, a transcription

factor associated with immature Schwann cell phenotype. Last,
we provide evidence that p38 MAPK acts as a negative regulator
of Schwann cell differentiation and myelination. Altogether, this
study identifies p38 MAPK as an important signal mediator that
promotes the denervated state of Schwann cells.

Previous studies have shown that injury to the PNS induces rapid
and sustained activation of p38 MAPK in the distal nerves, indicating
its involvement in Wallerian degeneration (Myers et al., 2003; Zrouri
et al., 2004). Myers et al. (2003) reported Schwann cell-specific p38
MAPK activation in sciatic nerves 4 d after injury and suggested that
the kinase plays a role in mediating the cytokine signaling in the
distal Schwann cells. In the present study, we show that Schwann cell

Figure 5. Activation of MKK6 is sufficient to induce Schwann cell demyelination and dedifferentiation. A, Schwann cells in-
fected with lentiviruses encoding constitutively active MKK6 mutant (Flag positive) express the transgene upon treatment with
doxycycline. Concomitant activation of p38 MAPK is seen in the Schwann cells. B, Ectopic activation of p38 MAPK by doxycycline-
induced MKK6-Glu expression is sufficient to trigger Schwann cell demyelination in cocultures. *p � 0.001. C, Images of myeli-
nating cocultures established using control or MKK6-Glu Schwann cells. Myelin degeneration is evident in MKK6-Glu cultures in the
presence of doxycycline. Scale bar, 50 �m. D, In the absence of doxycycline, MKK6-Glu Schwann cells were treated with db-cAMP
for 3 d to induce differentiation. The differentiated Schwann cells (db-cAMP) exhibited the characteristic flattened morphology
visualized by the labeling for actin (phalloidin red). Expression of MKK6-Glu (Flag positive, green) in the differentiated Schwann
cells reverted the Schwann cells back to the undifferentiated morphology 24 h after the doxycycline treatment (db-cAMP � Dox).
Scale bar, 50 �m. E, Corresponding Western blot analysis. Upon p38 MAPK activation, induced by MKK6-Glu expression, the
differentiated Schwann cells downregulated myelin proteins (MAG and Krox 20) while re-expressing c-jun. Non-diff,
Nondifferentiated.
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p38 MAPK activity is detected much earlier, only a few hours after
nerve injury and the systemic inhibition of the kinase attenuates
injury-induced demyelination. These results indicate that p38
MAPK plays an essential role in initiating the early Schwann cell
injury response. Use of the compartmentalized myelinating cocul-
ture system also allowed us to investigate the Schwann cell-
autonomous function of p38 MAPK. Because the in vitro system is
established using only two cell types, Schwann cells and DRG neu-
rons, we were able to exclude the possibility that p38 MAPK activity
may be elicited by other cell types in the nerves or by cytokines
released from the circulation after nerve damage. Although this does
not rule out the axonal contribution of the active p38 MAPK, we
further demonstrated that p38 MAPK activation in Schwann cell is
sufficient to induce demyelination.

The injury-induced upstream signal that activates p38 MAPK
in Schwann cells is unknown. In mammalian cells, p38 MAPK is
activated by cytokines and growth factors (Paul et al., 1997). After
nerve injury, distal Schwann cells produce cytokines and growth
factors as they dedifferentiate and proliferate (Tofaris et al.,
2002). Invading macrophages also release proinflammatory cyto-
kines. However, as mentioned above, p38 MAPK activation in
Schwann cells occurs immediately following injury, placing the
event much earlier than the period of cytokine release by dener-
vated Schwann cells and macrophages. We have shown previ-
ously that an injury to sciatic nerves activates erbB2 in the distal
myelinating Schwann cells as early as 10 min and that the receptor

activation is required for the myelin
breakdown. Although the mechanism of
erbB2 activation still remains unknown,
the appearance of the receptor activity is
in good accord with the observed p38
MAPK activation, suggesting that erbB2
may act as an upstream activator. Sup-
porting this, we show that p38 MAPK me-
diates Schwann cell demyelination
induced by neuregulin, an erbB ligand.
Involvement of other receptor tyrosine ki-
nases signaling is also a possibility. For ex-
ample, FGF-2 and the receptor signaling
has been implicated in mediating the
Schwann cell response during Wallerian
degeneration (Grothe et al., 2000, 2001).
Furthermore, our data show that FGF-2
initiates demyelination through activa-
tion of the p38 MAPK pathway. Alter-
nately, non-growth factor signals could
play a role in inducing the Schwann cell
injury response. For instance, calcium in-
flux into the Schwann cells, which occurs
immediately following injury, has been
suggested as an initiation mechanism for
demyelination (Smith and Hall, 1988). In
other cell types, calcium-dependent p38
MAPK activation has been reported (Katz
et al., 2006; Gee et al., 2007; Guo et al.,
2008).

Our data also support the notion that
p38 MAPK plays a role in sustaining the
denervated state of Schwann cells and the
immature state of developing cells. We
show that enforced activation of p38
MAPK is sufficient to induce demyelina-
tion and drive the differentiated Schwann

cells to the denervated phenotype. Conversely, inhibition of the
kinase activity prevents Schwann cell dedifferentiation after los-
ing contact with the axons. This is reminiscent of the role of
c-Jun, a transcription factor that is associated with immature
Schwann cells and strongly expressed in distal Schwann cells fol-
lowing injury (Parkinson et al., 2008). In the absence of c-Jun,
distal Schwann cell demyelination is delayed. Furthermore, inhi-
bition of c-Jun blocks Schwann cell differentiation in vitro.
Therefore, it is possible that p38 MAPK and c-Jun may function
within the same pathway to regulate the denervated and imma-
ture state of the Schwann cells. Supporting this, our data show
that ectopic activation of p38 MAPK in differentiated Schwann
cells is sufficient to induce c-Jun expression (Fig. 5) and promote
dedifferentiation.

p38 MAPK is unlikely the sole mediator of injury signal that
regulates Schwann cell plasticity in adult nerves. We have shown
previously that nerve injury activates Erk1/2, another member of
the MAPK family, as early as 20 min in the distal Schwann cells
(Guertin et al., 2005). Although the in vivo function during Wal-
lerian degeneration has not been elucidated, studies in vitro sug-
gest that the Ras/Raf/Erk pathway plays a role in promoting
Schwann cell demyelination and dedifferentiation (Harrisingh et
al., 2004; Ogata et al., 2004). The mechanism by which multiple
signaling pathways activated by injury or growth factor signal
cooperate to regulate Schwann plasticity remains to be eluci-
dated. Cross-signaling between the p38 MAPK and the Ras/Raf/

Figure 6. Ectopic activation of p38 MAPK blocks Schwann cell differentiation. A, The levels of active p38 MAPK in developing rat
sciatic nerves collected at E17, P1, P4, P7, P10, and P14, and in adult (Ad) animals. B, MKK6-Glu Schwann cells were differentiated
with db-cAMP for 3 d in the presence or in the absence of doxycycline. The MKK6-Glu-expressing Schwann cells (Flag positive,
green), failed to acquire the differentiated morphology visualized by actin labeling (phalloidin, red). C, Corresponding Western blot
analysis. In the presence of doxycycline, db-cAMP-treated MKK6-Glu Schwann cells failed to express proteins (MAG, Krox 20)
associated with the differentiated phenotype.

Yang et al. • Role of p38 MAPK in Schwann Cells J. Neurosci., May 23, 2012 • 32(21):7158 –7168 • 7165



Erk pathways has been demonstrated in
other cell types. For example, in PC12
cells, Mek1, an upstream activator of
Erk1/2, induces neuronal differentiation
through activation of p38 MAPK
(Morooka and Nishida, 1998). In fibro-
blasts, p38 MAPK mediates cell senes-
cence induced by oncogenic Ras (Wang et
al., 2002).

In developing peripheral nerves, p38
MAPK activity decreases postnatally coin-
ciding with the onset of the myelin program.
The function of p38 MAPK associated with
immature state of Schwann cells suggests
that the postnatal decrease in the kinase ac-
tivity may be necessary for the Schwann cells
to transit into the myelinated phenotype. In
accordance with the hypothesis, our data in-
dicate that p38 MAPK acts as a negative reg-
ulator of the myelin program. We show
that enforced activation of p38 MAPK in
Schwann cells blocks cAMP-induced
Schwann cell differentiation and inhibits
expression of myelin protein including
Krox 20. Furthermore, inhibition of the
kinase activity in cocultures promotes
myelin formation. The mechanism by
which p38 MAPK suppresses differentia-
tion and myelination remains to be eluci-
dated. In other systems, p38 MAPK
regulates expression of lineage-specific
transcription factors or genes that play
important roles during development. For
example, in skeletal muscle, p38 MAPK
regulates myogenesis by modulating the
expression and activities of muscle-
specific transcription factors MyoD and
MEF2 (Keren et al., 2006). In adipocytes,
p38 MAPK negatively regulate transcrip-
tional activity of NFATc4 that promote
adipogenesis (Yang et al., 2002). A recent
study showed that NFATc4 synergize with
Sox10 to activate Krox 20 in Schwann cells
(Kao et al., 2009). Therefore, it is possible
that p38 MAPK opposes myelination by
negatively modulating the activity of
NFATc4 and Krox 20. Alternatively, p38
MAPK-induced c-Jun (Fig. 5) may di-
rectly antagonize Krox 20 expression
(Parkinson et al., 2008).

In addition to its role in regulating my-
elination, p38 MAPK has also been shown
to modulate earlier stages of the Schwann
cell-axon interaction. In Schwann cell–DRG coculture, myelina-
tion is initiated by the addition of ascorbic acid, which promotes
the extracellular matrix assembly required for establishing proper
Schwann cell–axon interaction, a process prerequisite for myeli-
nation. Fragoso et al. (2003) showed that inhibition of p38 MAPK
disrupts laminin-induced Schwann cell alignment along the ax-
ons, thus resulting in failed myelination. The study also showed
that p38 MAPK inhibition was effective in blocking myelin gene
expression only when the inhibitor was added at the time of the
ascorbic acid treatment. By delaying SB203580 treatment for few

Figure 7. Inhibition of p38 MAPK promotes Schwann cell differentiation and myelination. A, B, respectively shows the percentages of
Krox 20-positive (A) and periaxin-positive (B) cells in Schwann cell cultures treated with 0.05, 0.1, and 1 �M db-cAMP in the presence
(�SB, black bars) or in the absence (�, gray bars) of SB203580 (10 �M). C, Expression levels of Krox 20 and periaxin in Schwann cell
cultures treated low db-cAMP (0.05 �M) with or without SB203580. No treatment (NT) and 1 �M db-cAMP serve as the negative and
positive controls, respectively. D, Double immunostaining for Krox 20 and c-Jun was performed on Schwann cell cultures under low doses
of db-cAMP (0.05 �M) with or without SB203580. Treatment with SB203580 increased the number of Krox 20-positive Schwann cells
(arrows), which were mostly c-Jun negative. The cells nuclei were visualized by Hoechst staining. E, Schwann cell–DRG cocultures were
treated with SB203580 (0.3 and 1 �M) beginning on the third day after initiating myelination. Six to seven days later, cultures were
immunostained for MBP and myelination was assessed as we described previously (see also Materials and Methods) (Syed et al., 2010).
Inhibition of p38 MAPK increased myelination in a dose-dependent manner. *p � 0.001. F, Western blot analysis on the myelinating
cocultures shown in D. SB203580 inhibits the endogenous p38 MAPK activity when added 3 d after initiating myelination. The increase in
myelination was accompanied by an increase in MAG levels in cocultures.

Table1.AveragelengthofmyelinsegmentsincontrolandSB203580-treatedcocultures

Experiment I Experiment II Experiment III

Control SB203580 Control SB203580 Control SB203580

Myelin segment length (�m) 166.37 184.50 152.41 167.87 103.84 116.04
SEM 2.26 2.02 2.17 1.98 1.21 1.44
Number of segments analyzed 589 736 535 639 599 634
Increase over control (%)* 10.89 10.14 11.7

Schwann cell–DRG cocultures were treated with SB203580 (1 �M) 3 d after initiating myelination. Six to seven days
later, cultures were immunostained for MBP, and the lengths of individual myelin segments were measured. Data
were collected from four to five cultures per condition per experiment. For each experiment, the average myelin
segment lengths between control and SB203580 cultures were significantly different. *p � 0.001.
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days, we tried to circumvent the inhibitory effect on the earlier
Schwann cell–axon interaction and showed that blocking p38
MAPK activity promoted myelination: evidence that p38 MAPK
acts as a negative regulator of myelination. These results suggest
that p38 MAPK elicits a stage-specific function during Schwann
cell myelination.

The function of p38 MAPK as a negative regulator of Schwann
cell differentiation and myelination is distinct from the role it
plays in oligodendrocytes. In oligodendrocyte progenitor cell
cultures, inhibition of p38 MAPK attenuates growth factor-
induced lineage progression and maturation into oligodendro-
cytes (Baron et al., 2000; Fragoso et al., 2007). The kinase also
enhances promoter activities MBP and Sox10, a transcription
factor required for oligodendrocyte development (Chew et al.,
2010). The opposing roles that p38 MAPK plays during Schwann
cell and oligodendrocyte differentiation emphasizes the differ-
ences in the regulatory mechanisms that governs myelination in
the PNS and the CNS.

The abilities of p38 MAPK to trigger demyelination and to
promote denervated Schwann cell phenotype implicate that the
aberrant activation of the kinase and the cytoplasmic effectors
may underlie a wide range of demyelinating disorders in the PNS.
Elucidating the p38 MAPK function under the pathological con-
ditions may provide insights into developing therapeutic strate-
gies in treating PNS neuropathies.
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