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Much of the nervous system is considered
to have limited regenerative capacity. Peripheral nerves, however, are one notable
exception. When nerve trunks in the
peripheral nervous system (PNS) are injured, the damaged axons can regrow at a
rate of 1–3 mm per day (in rodents) and
reinnervate their original targets (Scheib
and Höke, 2013). Much of this high regenerative potential is attributed to the
unique properties of PNS glial cells, the
Schwann cells (Brosius Lutz and Barres,
2014; Jessen and Mirsky, 2016). The primary function of Schwann cells is production of myelin around peripheral axons.
However, after an insult, these cells rapidly lose their differentiated state and
become the center of a complex injury response: (1) they break down their own
myelin through autophagy and phagocytosis (Gomez-Sanchez et al., 2015;
Jang et al., 2016; Brosius Lutz et al., 2017);
(2) they recruit inflammatory cells to assist in myelin clearance (Martini et al.,
2008); (3) they secrete neurotrophic factors to support neuron survival and axon
regrowth (Meyer et al., 1992; Webber and
Zochodne, 2010; Fontana et al., 2012);
and (4) they remyelinate the regenerated
axons (Gomez-Sanchez et al., 2017). This
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well-orchestrated set of events is key to
successful nerve repair.
Establishing and maintaining the myelinated fate and, conversely, switching to
the repair-cell phenotype involve drastic
changes in the transcriptional landscape
of Schwann cells. The zinc-finger transcription factor Krox20 is considered to
be the master regulator of myelinating
Schwann cells (Topilko et al., 1994; Decker et
al., 2006). In contrast, c-Jun has been
identified as the single most important
transcription factor for determining the
repair-cell identity (Jessen and Mirsky,
2016). When c-Jun upregulation after injury is genetically abolished, both the conversion of myelinating Schwann cells to
repair cells and nerve regeneration falter
(Arthur-Farraj et al., 2012). Upregulation
of c-Jun can also be observed independent
of physical nerve injury, such as in hereditary demyelinating neuropathies, where
it appears to prevent excessive secondary
loss of sensory axons (Hantke et al., 2014).
In light of these findings, elevation of
c-Jun has been suggested as a potential
strategy to rescue nerve regeneration when
it fails, or to reduce axon loss in neuropathies. But would supraphysiological levels of
c-Jun be compatible with myelination?
In a study recently published in The
Journal of Neuroscience, Fazal et al. (2017)
answered this important question. They
used a genetic system in which an extra
copy of c-Jun is expressed under the control of a myelin-specific protein (P0) in
mice. This system ensures expression of
c-Jun specifically in Schwann cells starting

from late embryonic development, and it
allows moderate or strong elevation of
c-Jun to different degrees, depending on
whether mice are heterozygous or homozygous for the transgenic allele.
Moderate overexpression of c-Jun in
heterozygous mice caused only a slight
thinning of the myelin sheaths in adult
mice, probably due to a correspondingly
slight delay in the onset of myelination. In
contrast, higher expression of c-Jun in
homozygous mutants strongly interfered
with nerve development: Schwann cells
failed to myelinate a significant proportion of axons, myelinated axons had very
thin myelin, and signs of demyelination
developed in older animals.
These morphological findings were
matched by corresponding changes in the
nerve transcriptome. While comparatively
few transcripts were altered in heterozygous
mutant mice, many more genes were either upregulated or downregulated in homozygous mutants. Interestingly, among
the upregulated genes were some previously
shown to be specific for repair Schwann cells
and not expressed during development,
such as Shh, Olig1, and Gdnf (Arthur-Farraj
et al., 2012). Thus, overexpression of c-Jun
alone might be sufficient to reprogram
Schwann cells of intact nerves into repairlike cells. This interpretation is consistent
with previous transcriptome-wide analyses
showing that these “repair genes” fail to be
upregulated in the absence of c-Jun (ArthurFarraj et al., 2012).
Somewhat surprisingly, Krox20 levels
were not greatly perturbed when c-Jun
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Figure 1. Schematic representation of the consequences of low or high c-Jun levels on nerve regeneration. Deletion of c-Jun in
Schwann cells leads to slower myelin clearance, slower axon regrowth, and greater loss of neurons after nerve injury. Conversely,
overexpression of c-Jun in Schwann cells results in faster myelin clearance but impairs the subsequent remyelination program.

was elevated. Previous cell-culture investigations had uncovered a cross-inhibitory relationship between Krox20 and c-Jun. High
c-Jun levels impeded Krox20 upregulation during Schwann cell differentiation
(Parkinson et al., 2008), and in turn high
Krox20 levels reduced phosphorylation of
c-Jun by Jun-N-terminal kinase (Parkinson et al., 2004). However, in the present
study, moderate overexpression of c-Jun
in heterozygous mice did not detectably
affect Krox20 expression, at either the
mRNA or the protein level. Higher overexpression of c-Jun in homozygous mice
did result in lower Krox20 levels in adult
animals, but no significant changes were
found at an earlier time point. Thus, the
interaction between these two master
transcription factors may be more complex than previously hinted at in the in
vitro experiments.
Fazal et al. (2017) also assessed the impact of c-Jun overexpression on nerve
regeneration in heterozygous animals.
Considering the importance of c-Jun in
nerve regeneration, one would expect
overexpression of c-Jun to potentiate this
process. Myelin clearance was indeed accelerated in mutant animals, as indicated
by a lower number of intact myelin sheaths
and lower levels of the myelin protein
MBP in mutants than in injured control
nerves. Less clear, however, is whether
other aspects of the Schwann cell response
to injury, such as promotion of neuron

survival and axon regrowth, were also enhanced by the supraphysiological levels of
c-Jun. Indeed, functional tests revealed
that both sensory and motor recovery was
even delayed in mutant animals, although
full functional recovery was eventually
achieved. Additionally, while myelination
defects during development were observed
mainly in homozygous mutants expressing high c-Jun, moderate overexpression
of c-Jun in heterozygous mutant mice was
sufficient to substantially delay the onset
of remyelination after injury.
Overall, the study by Fazal et al. (2017)
adds an important missing piece to our
understanding of c-Jun function(s) in
Schwann cells. Previous cell-culture studies had implicated c-Jun in the negative
regulation of developmental myelination
(Parkinson et al., 2008), consistent with
the observation that its levels plummet as
Schwann cells start myelinating. However, deletion of Schwann cell c-Jun in
vivo was without detectable consequences
(Parkinson et al., 2008; Fontana et al.,
2012). With all due caution when translating overexpression experiments to normal physiology, the results of the present
study suggest that c-Jun does act as a
negative regulator of myelination during nerve development. Additionally, they
indicate that manipulation of c-Jun levels
in pathophysiological conditions for
therapeutic purposes should be controlled very tightly. Low c-Jun blocks the

Schwann cell response to injury and its
neuroprotective effects, but high c-Jun
perturbs the subsequent remyelination
program (Fig. 1).
While the functions of c-Jun in Schwann
cells become clearer and clearer, how it
exactly performs these functions remains
somewhat terra incognita. Which transcription factors does c-Jun interact with
in Schwann cells? c-Jun can form both homodimers and heterodimers with members of the Fos or ATF/CREB families (van
Dam and Castellazzi, 2001). Interestingly,
c-Jun, Fosl2, and ATF3 were shown to be
similarly upregulated after nerve injury
(Arthur-Farraj et al., 2017), suggesting
that multiple c-Jun complexes could form
in this context. Clarifying which c-Jun complex mediates which function could allow
uncoupling the proregenerative role of
c-Jun from the myelination-inhibiting role.
Which signals underlie c-Jun upregulation
upon nerve injury? Among other regulatory mechanisms, phosphorylation of the
N-terminal domain of c-Jun by Jun-Nterminal kinase is known to augment
its transcriptional activity and stability
(Shaulian and Karin, 2001). In Schwann
cells, however, N-terminal phosphorylation of c-Jun appears to be dispensable for
its function, especially with respect to
Schwann cell dedifferentiation and myelin clearance (Parkinson et al., 2008). Finally, what is the role of the repair genes
controlled by c-Jun? While it is clear that
some repair genes (e.g., Artn and Gdnf )
encode neurotrophic factors to support
neuron survival and axon regrowth (Fontana et al., 2012), the function of other
c-Jun targets in Schwann cells, such as Shh
and Runx2, is more enigmatic. Adding
these molecular details to the general
framework contributed by Fazal et al.
(2017) and previous studies will be important to guide future attempts to modulate c-Jun levels in nerve diseases.
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