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Multiple sclerosis (MS) is a neuro-inflam-
matory disease of the CNS. The symptoms
start with the entrance of immune cells to
the CNS, which causes inflammation, de-
myelination, and axonal degeneration.
After demyelination, oligodendrocyte pro-
genitor cells (OPCs) become active, prolif-
erate, and differentiate to oligodendrocytes,
which can regenerate the myelin sheaths
(remyelination). Eventually, remyelination
fails to reverse demyelination, leading to
chronic demyelination, persistent conduc-
tion failure along axons, and axonal degen-
eration due to lack of trophic support from
the myelin sheath. This chronic demyelina-
tion is a hallmark of the progressive MS dis-
ease stage (Mahad et al., 2015), and it is the
main cause of permanent and progres-
sive disability in MS patients. The genetic
basis underlying the complex cascade of
demyelination, remyelination, and the

progression to chronic demyelination is still
marginally defined.

Because most therapeutic strategies for
MS target the immune system and are less
effective or ineffective in the chronic pro-
gressive phase of the disease (Lassmann,
2013), preservation of oligodendrocytes or
increasing their remyelinating potential is a
crucial target for novel MS treatments. A
first step toward developing potential pro-
myelinating therapies is to identify genes
whose expression is affected during demy-
elination and subsequent remyelination.
Ou et al. (2016) used this approach and re-
ported their findings in a study recently
published in The Journal of Neuroscience.

The authors used chromatin immuno-
precipitation and sequencing to identify
transcriptional changes accompanying
lysolecithin-induced oligodendrocyte cell
death in cultures. Lysolecithin is toxic to
oligodendrocytes, and it is often used to
induce oligodendrocyte cell death in
vitro. Lysolecithin-treated oligodendrocytes
showed numerous transcriptional altera-
tions, including upregulation of Olig2. Be-
cause Olig2 is an important transcription
factor for oligodendrocyte lineage cells (Lu
et al., 2000; Zhou et al., 2000), Ou et al.
(2016) focused on this molecule and its po-
tential downstream targets in subsequent
experiments.

One downstream effect of Olig2 upr-
egulation was transcriptional activation of
G-protein-coupled receptor 17 (Gpr17).

Gpr17 was previously found to be expressed
in OPCs and premature oligodendrocytes
(Fumagalli et al., 2011), and it has been pro-
posed to have a role in OPC differentiation
and developmental myelination (Chen et
al., 2009; Simon et al., 2016; Viganò et al.,
2016). These studies showed that Gpr17
inhibits OPC differentiation in vitro and
delays myelination during development
in vivo. Gpr17 is also upregulated in MS
plaques and in animal models of stroke and
spinal cord injury (SCI) (Lecca et al., 2008;
Ceruti et al., 2009; Chen et al., 2009), and
Gpr17 inhibition was shown to reduce tis-
sue damage in these animal models (Lecca et
al., 2008; Ceruti et al., 2009). Thus, Gpr17
has received the nickname “damage sen-
sor.” The role of Gpr17 in remyelination has
never been assessed, but given its role in
CNS insult, Ou et al. (2016) hypothesized
that it is involved in lysolecithin-induced
gliotoxicity.

The authors confirmed the involvement
of Gpr17 in oligodendrocyte cytotoxicity
following lysolecithin treatment in vitro.
Overexpression or pharmacological activa-
tion of Gpr17 using MDL29951 decreased
survival of oligodendrocytes. In addition,
applying Gpr17 sh-RNA or pharmacologi-
cally inhibiting it with pranlukast increased
oligodendrocyte survival after lysolecithin
treatment. These experiments provide evi-
dence that lysolecithin-induced oligoden-
drocyte death is mediated by upregulation
of Olig2 and Gpr17.
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Next, the authors addressed which
downstream genes are responsible for the
increased oligodendrocyte cell death. First,
they examined genes involved in apoptosis.
It has been shown before that Gpr17 medi-
ates its downstream signaling through the
Gi � subunit (G�i), which inhibits cAMP
production and, subsequently, the activity
of protein kinase A (PKA) (Simon et al.,
2016). Examining expression of different
proapoptotic genes in Gpr17-deficient mice
revealed that lysolecithin-induced upregu-
lation of Gpr17 mediated PKA inhibition,
which led to an upregulation of Xaf1 gene.
This finally led to oligodendrocyte cytotox-
icity. This upregulation of Xaf1 was medi-
ated by a downregulation of c-Fos (Fig. 1), a
pro-oncogene transcription factor that is
regulated by PKA. Furthermore, Ou et al.
(2016) showed that the expression of Xaf1 is
mediated specifically through c-Fos and not
other regulatory factors.

In addition to genes involved in apopto-
sis, Ou et al. (2016) examined expression of
Epac (exchange protein directly activated by
cAMP), a gene involved in OPC differentia-
tion. They chose this gene because a recent
study reported that Gpr17 activation
negatively regulated OPC differentiation by
decreasing cAMP, which led to a down-
regulation of Epac (Simon et al., 2016).

In line with this, Ou et al. (2016) showed
that Gpr17 activation mediated cAMP
reduction and Epac1 downregulation,
which culminated in inhibition of OPC
differentiation in vitro, as shown by de-
creased expression of MBP, which en-
codes a protein needed for compaction
of myelin sheaths during myelin form-
ation/remyelination.

These in vitro results were confirmed and
extended in vivo by assessing the role of
Gpr17 in developmental myelination and
remyelination after lysolecithin treatment
in the corpus callosum of mice deficient in
Gpr17 or wild-type mice treated with the
Gpr17 inhibitor pranlukast. At postnatal
day 0, Gpr17-deficient mice showed preco-
cious myelination, as indicated by immuno-
staining of MBP. Injection of lysolecithin
caused local demyelination and subsequent
innate remyelination, and both Gpr17�/�

and wild-type mice treated with pranlukast
showed enhanced remyelination compared
with wild-type untreated mice, as shown by
MBP and CC1 immunostaining (a marker
for oligodendrocytes). However, MBP
staining was not quantified, and CC1 is
expressed not only in myelinating oligoden-
drocytes but also in premyelinating oligo-
dendrocytes (Traiffort et al., 2016). Showing
an increased amount of thinly myelinated

axons within the lesion (the gold standard to
demonstrate enhanced remyelination)
would have further strengthened these find-
ings. Interestingly, the decrease in oligoden-
drocyte apoptosis observed following
Gpr17 inhibition in vitro was not seen in
vivo, as revealed by the demyelination area
and CC1� cell counts in the lesion at 3 d
after lysolecithin injection. This discrepancy
might be due to the different concentrations
of lysolecithin in culture medium and ner-
vous tissue after injection. It also suggests
that this receptor pathway has more com-
plex interactions with other signaling path-
ways in CNS tissue than in the simplified cell
culture system.

Although the results of Ou et al. (2016),
as summarized in Figure 1, draw a clear
pathway by which Olig2 activation limits
OPC differentiation and subsequently re-
myelination, previous works suggests that
downstream signaling of Olig2 in this case is
more complex than suggested by Figure 1.
For example, it has been demonstrated that
overexpression of Olig2 caused precocious
myelination during development and early
remyelination following lysolecithin-in-
duced demyelination in vivo partly by in-
creasing migration and differentiation of
OPCs (Wegener et al., 2015). In contrast,
Ou et al. (2016) showed that overexpression

Figure 1. Gpr17 signaling pathway following lysolecithin insult. The signaling pathway tracked in primary rat OPCs and differentiated oligodendrocytes (labeled as OL lineage cell) in vitro.
Lysolecithin treatment increases Olig2 expression in oligodendrocytes via an unknown mechanism. Following this, Olig2 upregulates Gpr17 expression. Gpr17 activation leads to reduced intracellular
cAMP levels with subsequent decrease in PKA activation. This in turn affects the expression of several downstream genes, including downregulation of c-Fos, which results in upregulation of Xaf1,
a proapoptotic gene that leads to oligodendrocyte apoptosis. Furthermore, Epac1 is downregulated as a result of this signaling cascade, which leads to an inhibition of oligodendrocyte differenti-
ation. Green represents the factors that are induced in this process. Red represents the elements that are inhibited.
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of Gpr17, a transcriptional target of Olig2,
reduced the viable oligodendrocyte popula-
tion in vitro, and that the inhibition of
Gpr17 enhanced developmental myelina-
tion and remyelination in vivo. The com-
plexity of the Olig2 downstream signaling is
further emphasized by findings from Mei et
al. (2013); this study showed that the effect
of Olig2 on myelination is stage specific: al-
though it is necessary for differentiation of
OPCs, it is a negative regulator for oligoden-
drocyte maturation and myelin formation.
Together, these contradictory findings can
be explained by the fact that Olig2 regulates
the expression of many genes, and some of
its effects may be beneficial for remyelina-
tion, whereas others (such as Gpr17 upregu-
lation) are detrimental.

In addition to elucidating pathways un-
derlying demyelination and remyelination,
Ou et al. (2016) provide insight into the
mode of action of lysolecithin as a demyeli-
nating agent. Lysolecithin has been used for
decades. Hall (1972) was the first to use it in
the CNS to study demyelination followed by
subsequent remyelination in vivo, and it has
been used in vitro to study oligodendrocyte
toxicity (Fressinaud et al., 1996). It has
therefore become a well-established animal
model to study demyelination/remyelina-
tion. It has generally been considered simply
a detergent that disrupts the myelin sheath
by producing micelles from the lipid bilayer
(Triarhou and Herndon, 1986). This distur-
bance then induces microglial and macro-
phage responses (Triarhou and Herndon,
1985). Ou et al. (2016) now show that lyso-
lecithin treatment of cultured oligodendro-
cytes for 12 h leads to apoptosis of these cells
through activation of Olig2 and Gpr17,
in the absence of microglia/macrophages,
shedding new light on the mechanism
through which lysolecithin causes demyeli-
nation. How lysolecithin mediates the up-
regulation of Olig2 at the beginning of insult
remains unknown, however.

In conclusion, Ou et al. (2016) identify
Gpr17 as a sensor and probable actor for
lysolecithin-induced demyelination. These
findings are important in three regards: (1)
they suggest a novel mechanism by which
oligodendrocytes undergo apoptosis fol-
lowing lysolecithin exposure; (2) given that
it has previously been shown that Gpr17 is
upregulated in MS plaques (Chen et al.,

2009), pharmacological inhibition of Gpr17
could be considered as a potential therapeu-
tic approach for enhancing remyelination;
and (3) the therapeutic inhibition of this
pathway could be exploited in stroke and
SCI as well because insufficient myelin re-
pair is a challenge in these diseases (Plemel
et al., 2014; Sozmen et al., 2016).
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