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Abstract: The orexin 2 receptor plays a central role in maintaining sleep and wakefulness. Recently, it has been shown
that sleep and wakefulness orchestrate the proliferation and differentiation of oligodendrocytes. Here, we explored the
role of a selective orexin 2 receptor antagonist (JNJ-10397049) in proliferation and differentiation of neural progenitor cells
(NPCs). We evaluated the proliferation potential of NPCs after exposure to different concentrations of JNJ-10397049 by
using 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide and neurosphere assays. Moreover, the expression of
differentiation markers was assessed by immunocytochemistry and real-time polymerase chain reaction. JNJ-10397049
significantly increased the proliferation of NPCs at lower concentrations. In addition, orexin 2 receptor antagonist facilitated
progression of differentiation of NPCs towards oligodendroglial lineage by considerable expression of Olig2 and 2’,3’-cyclic-
nucleotide 3’-phosphodiesterase as well as decreased expression of nestin marker. The results open a new avenue for future
investigations in which the production of more oligodendrocytes from NPCs is needed.

Key words: Orexins, Orexin receptors, JNJ 10397049, Oligodendroglia, Neural stem cells

Received October 3, 2021; Revised December 18, 2021; Accepted December 27, 2021

Introduction

Neural stem cells (NSCs), and their progenies, collectively
known as neural precursor cells (NPCs) are known as re-
markable reservoir for replacing lost and damaged cells in
the central nervous system (CNS) [1]. NPCs are capable of
giving rise to astrocytes, neurons and oligodendrocytes in
the CNS and have been repeatedly reported to be powerful
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players in the recovery of various neurodegenerative diseases
[2, 3]. Demyelination is a destructive phenomenon com-
monly present in many neurodegenerative diseases such as
multiple sclerosis (MS) [4, 5], spinal cord injury (SCI) [6] and
Alzheimer’s disease [7, 8]. NPCs in the adult brain and oligo-
dendrocyte precursor cells (OPCs) present around demyelin-
ated lesions are sources for generation of new myelinating
oligodendrocytes [9, 10]. Remyelination is generation of my-
elin sheath by newly formed mature oligodendrocytes after
demyelination. It is a natural mechanism evident in healthy
adult brain. In illnesses such as MS the microenvironment
of demyelinated lesions halts remyelination due to the pres-
ence of inhibitory factors [4, 11, 12]. In these instances, re-
myelination can be activated endogenously by providing a
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permissive environment for generation of new myelinating
oligodendrocytes or by cell transplantation. NPCs and oli-
godendrocyte progenitor cells are affected by several factors
such as sleep/wakefulness cycles through the action of neu-
rotransmitters, agents and hormones associated to sleep. The
effect of several sleep/wakefulness agents such as melatonin,
serotonin, and acetylcholine are known on OPCs and NPCs
[13-17).

Orexin/hypocretin pathway is also involved in sleep/
wakefulness. Orexin A and orexin B are neuropeptides
synthesized in neurons originating from the lateral hypo-
thalamus and bind to their cognate receptors, orexin recep-
tor type 1 (OX1R, or Hertr-1) and orexin receptor type 2
(OX2R, or Hertr-2) [18, 19]. Orexin 2 receptor is part of the
orexin/ hypocretin signaling pathway that is involved in
many physiological phenomena, such as sleep, feeding be-
havior, reward system and stress response [18, 20, 21]. On the
other hand, orexin and orexin receptors are also ectopically
expressed in different neurological disorders implying that
orexin/hypocretin signaling pathway plays critical role in the
pathogenesis of neurological diseases [22, 23]. Orexin and
its receptors also regulate sleep/wakefulness agents such as
histamine, melatonin, and serotonin [24-28] and may have
a role in oligodendrogeneis or remyelination induction or
inhibition similar to the aforementioned neurotransmitters
involved in sleep/wakefulness. There has not been any study
investigating its potential role in oligodendrogenesis. Orexin
pathway is targeted by several commercial drugs treating
insomnia and therefore, deciphering the role of orexin recep-
tors in oligodendrogenesis can lead to possibly repurposing
these marketed drugs for induction of remyelination and
simultaneously improve sleep in patients with demyelinating
diseases such as MS. Here we will only focus on the effect of
a selective orexin 2 receptor inhibitor called JNJ-10397049.

We investigated the effect of JNJ-10397049 on NPC pro-
liferation and guided differentiation to oligodendrocytes
[19, 29]. INJ-10397049 is a selective OX2 receptor antago-
nist (pIC50=7.4 and pKj values of 5.9 and 8.5 for OX1 and
OX2 receptors, respectively). In the current study we used
real-time polymerase chain reaction (PCR) to analyze the
expression of Orexin 2 receptor; and used 3-(4,5-dimethyl-
thiazol-2-yl)-2,5 diphenyl tetrazolium bromide (MTT) and
neurosphere assay to check for proliferation of NPCs. For
differentiation analysis after treating cells with different con-
centrations of JNJ-10307049, we used anti-nestin and Olig2
cell staining.
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Materials and Methods

Reagents and antibodies

The reagents and materials used in this study were pur-
chased from the following sources: JNJ 10397049 (Tocris
Bioscience, Bristol, United Kingdom); 7-aminoactinomycin
D (7AAD) stain (Miltenyi Biotech, Bergisch Gladbach, Ger-
many), Neurocult mouse neural stem cell proliferation kit
(Stem Cell Technologies, Vancouver, Canada), epidermal
growth factor (Peprotech, Westlake Village, CA, USA), poly-
l-ornithine (Sigma Aldrich, St. Louis, MO, USA), penicillin/
streptomycin (pen/strep; Gibco, Waltham, MA, USA), Tryp-
sin-EDTA 0.025% (Stem Cell Technologies), fetal bovine se-
rum (Gibco), Dnase I (Sigma Aldrich), Dulbecco’s modified
Eagle medium: nutrient mixture F-12 (Thermofisher Scien-
tifics, Waltham, MA, USA), Ketamine, Xylazine, and MTT
Reagent (Sigma Aldrich). All antibodies were from Abcam
(Cambridge, United Kingdom): rabbit Olig2 antibody, mouse
nestin antibody, rabbit fluorescein isothiocyanate (FITC)-
conjugated secondary antibody, mouse FITC-conjugated
secondary antibody.

Animals

All mice examined in this study were obtained from
Shiraz University of Medical Sciences’ Animal center. All
animal procedures were conducted in accordance with pro-
tocols approved by ethics committee of Shiraz University
of Medical Sciences (SUMS) animal welfare (no. IR.SUMS.
REC.1396.5448). Female and male Balb/c mice were mated
at 1:2 ratios (male:female) and female mice were checked for
the following next 5 days until vaginal plaque was observed.
Mated animals were sacrificed on day 14 post-mating to har-
vest 14 days old fetal brain cortical NPCs.

Cultivation of neural precursor cells

On the day 14 of gestation, pregnant female mouse was
deeply anesthetized with ketamine and xylazine and sac-
rificed. Heads of mice embryos that are 14.5 days old were
dissected with fine scissors to be used for isolation of NSCs.
The cortices were subtly dissected with fine forceps and
scissors under dissecting microscope and placed in ice cold
phosphate buffered saline (PBS) solution containing 10%
penicillin-streptomycin (pen/strep). The cortices were me-
chanically dissociated into single cells and centrifuged at 200
g for 15 minutes [30]. Cells were plated at a density of 2x10’
cells/ml in complete proliferation medium (Neurocult prolif-
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Table 1. List of primers used in the study
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Gene name Forward primer Reverse primer
HCRTR2 GTGCTAAAGAGAGTATTTGGGAT CCTTGGCGATGATGAACC
PDGFRa GTTGCCTTACGACTCCAGAT TCACAGCCACCTTCATTACA
GFAP GAGACAGAGGAGTGGTATCGG GCTTCGTGCTTGGCTTGG
CNPase CTCTACTTTGGCTGGTTCCT TTCTCCTTGGGTTCATCTCC
Actin B GCAACACGCAGCCAC CGCAGGGATATCGTCATCCA

eration kit) supplemented with 20 ng/ml epidermal growth
factor and 1% pen/strep [31] to grow as neurospheres. Every 5
or 7 days, neurospheres were passaged by trypsinization and
then centrifuged at 110 g for 5 minutes. NPCs from passages
2 to 4 were used for the experiments.

Characterization of the neural precursor cells

The expression of NPCs marker nestin was evaluated by
immunocytochemistry. The cells obtained from the second
passage were cultured on poly-l-ornithine coated 96 well
plates in Neurocult medium. After 2 days, the cells fixed by
paraformaldehyde. Following permeabilization and block-
ing, the cells were incubated with mouse anti-nestin primary
antibody overnight. Next, anti-mouse secondary FITC anti-
body were used, and the nuclei were stained with 7-aad.

In addition, relative expression of orexin 2 receptor
(HCRTR2) in NPCs obtained from passages 2 and 4 was
assessed by real-time PCR. Total RNA was extracted by
RNXplus reagent (Cinnagen, Tehran, Iran) according to the
manufacturer’s instructions. Total RNA (1 uM) was reverse
transcribed into cDNA using Prime Script II First Strand
cDNA synthesis Kit (TaKaRa, Kusatsu, Japan), and 0.1% of
c¢DNA mixture was used as PCR template. Primers are speci-
fied in Table 1. The reaction was performed using a SYBR
Green PCR Master Mix Kit (Yektataghiz azama, Tehran,
Iran) in a Rotor-gene Q (Qiagen, Hilden, Germany) with an
initial denaturation step at 95°C for 30 seconds, following 45
cycles. Each cycle transitioned between 3 steps of 95°C for 5
seconds, 60°C for 30 seconds and an extension step of 72°C
for 30 seconds. Beta actin was employed as the housekeeping
gene to account for sample variability. Relative gene expres-

sion is represented as fold change (27“").

Proliferation assay

To evaluate the effect of orexin 2 receptor inhibitor on
proliferation of the NPCs, MTT and neurosphere assays were
performed.

The MTT assay is based on cells mitochondrial activity by
assessing the conversion of MTT into formazan crystals by

viable cells. The neurospheres were disrupted into single cells
by trypsinization and then were seeded at a density of 5000
cells on poly-l-ornithine coated 96-well plates (Jetbiofil). On
day 0 cells were treated with different concentrations of JNJ-
10397049 (1, 5, 10, 15, 20, 25, and 30 uM). After 5 days, media
was removed, and wells were washed gently twice with PBS.
Two hundred pl of Dulbecco’s Modified Eagle Medium/F12
containing 1x MTT (0.5 mg/ml) was then added to each well
and incubated for 4 hours. Medium was then removed from
each plate and 200 uM of dimethyl sulfoxide (DMSO) was
added to each well and the plate was shaken on an orbital
shaker for 15 minutes. The absorption was read at 490 nm
(FLOUstar Omega; BMG labtech, Ortenberg, Germany).

For neurosphere assay, single cells derived from neuro-
spheres were seeded at a density of 5,000 cells on 96 well
plates (SPL Life Sciences, Pocheon, Korea) for 7 days and
treated with varying concentrations of Orexin 2 receptor in-
hibitor on day 0 of the culture; pictures were taken from each
well at 5 random locations with 4x magnification on the last
day of cell culture. The total number of neurospheres with
a diameter of >50 pm were counted and presented as the
percentage of neurosphere-forming frequency per well with
respect to the total number of cells that were plated initially.
The diameter of the neurospheres was also determined in
each picture and the mean of diameter in all wells (n=3) was
used to display cell self-renewal potency of the NPCs. Evalu-
ation of each image was done using Infinity Analyze 4.6.0
software (Lumera, Bothell, WA, USA).

Differentiation assay

For assessing the differentiation of NPCs to oligodendrog-
lial lineage following exposure to orexin 2 receptor inhibitor,
immunocytochemistry and real-time PCR were done.

NPCs were plated on poly-l-ornithine coated plates at a
density of 3x10" cells/well. Cells were cultured in differen-
tiation medium containing Neurocult proliferation media
supplemented with 1% fetal bovine serum without growth
factor. Cells were treated with 20 uM of JNJ-10397049 for
7 days. For immunocytochemistry, the cells were stained
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Fig. 1. Characterization of neurospheres established embryonic 14.5 days old mice brain. Phase contrast images of suspended neurospheres on

day 5 and day 7 (A) of primary neurosphere culture (passage 0) at 4x magnification. (B) Nestin-labeled neural precursor cells (NPCs; green) on
day 7 of culture (passage 0) with 7-aminoactinomycin D (7AAD)-counterstained nuclei (red) at 4x magnification. (C) HCRTR2 expression in

the NPCs after passages 2 and 4. *P<0.001. Scale bar=100 pm.

with anti-Olig2 and anti-nestin antibodies and nuclei were
counterstained with 7A AD. Immunofluorescent-labeled cells
were visualized with Nikon Eclipse TS100 microscope (Mel-
ville, NY, USA) coupled with a Tucsen TrueChrome Metrics
Camera (STEMMER IMAGING AG, Puchheim, Germany).
Images were taken at 10x magnification from 3 random
areas in each well (n=3 for each 5 condition). The percent-
age of nestin-positive and Olig2-positive cells were attained
by dividing positive labeled cells for each antibody to total
number of nuclei stained with 7AAD. Images were processed
using Photoshop CC 2016 (Adobe World Headquarters, San
Jose, CA, USA) and analyzed using ImageJ (U. S. National
Institutes of Health, Bethesda, MD, USA) and Infinity Ana-
lyze 4.6.0 software (Lumera).

In addition, the expression of oligodendrocyte markers,
platelet derived growth factor . (PDGFa) and 2’,3™-cyclic-
nucleotide 3’-phosphodiesterase (CNPase) were analyzed
using real-time PCR after exposure of the NPCs to 20 uM of
JNJ-10397049 for 7 days. For this, the NPCs were plated at
a density of 2x10° cells per 24 well plates coated with poly-I-
ornithine in differentiation medium. RNA extraction, cDNA
synthesis and real-time PCR were done as described in pre-
vious section. Primers are specified in Table 1.

https://doi.org/10.5115/acb.21.202

Statistical analysis

All experiments were conducted at least in triplicate (n=3).
Data were analyzed using SPSS software (version 16.0; SPSS
Inc., Chicago, IL, USA). Data in figures are expressed as
meantstandard error of the mean. One-way ANOVA fol-
lowed by Bonferroni’s multiple comparison post hoc was per-
formed to compare differences among multiple treatments.
Independent samples t-test was performed to compare dif-
ferences between two conditions. For all experiments, sig-
nificance was defined as P-value <0.05.

Results

The cells obtained from embryonic cortex expressed
NPCs marker and orexin receptor 2.

From day 3 of culture, neurospheres were formed and
showed an exponential growth until day 7. The neurospheres
were on average >200 um in diameter preceeding the passag-
ing time. In addition, immunocytochemistry indicated that
almost the majority of the cells were nestin-positive (Fig. 1A,
B). As shown in Fig. 1C, the expression of orexin receptor 2
(HCRTR?2) in the cells obtained from passage 4 was signifi-
cantly increased compared to that of the cells obtained from
passage 2 (t=-7.92, P<0.001).
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Fig. 2. The results of 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide (MTT) assay after exposure of the neural precursor cells
(NPCs) to different concentration of Orexin 2 receptor inhibitor. (A) Graph representing obtained absorbance at 490 nm from an MTT assay
of NPCs treated with varying concentrations (WM) of JNJ-10397049. Final concentration of dimethyl sulfoxide was 0.05% and was included in
control wells. (B) Log(half maximal effective concentration, ECy) of JNJ-10397049 from log-normalized data was calculated using Graph Pad
Prism 7. Data are presented as meantstandard error of the mean. *P<0.001 compared to control, n=3.
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Fig. 3. Neurosphere assay after exposure of the neural precursor cells (NPCs) to different concentration of orexin 2 receptor inhibitor. (A) Phase
contrast images of NPCs on day 7 of cell culture treated with varying concentrations of JNJ-10397049 at 4x magnification. The quantitative
analysis of the number (B) and the diameter of neurospheres (C). Data are represented as mean+standard error of the mean. *P<0.001, n=3. Scale
bar=100 pm.
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Inhibition of orexin 2 receptor affects neural precursor
cells proliferation

NPCs were exposed to various concentrations of JNJ-
10397049 (1, 5, 10, 15, 20, 25, and 30 pM). The results of
MTT assay showed that the effect of JNJ-10397049 on NPCs
proliferation was concentration dependent (Fig. 2). At 1 and
5 uM of JNJ-10397049, cell proliferation significantly in-
creased (F=55.478, P<0.001). The 10, 15, and 20 uM of JNJ-
10397049 did not have any significant effect on cell prolif-
eration. However, the concentration of 25 and 30 uM of the
drug were toxic (F=55.478, P<0.001). We also used the data
obtained from MTT assay to fit it into a Log(half maximal
effective concentration, EC,,) graph with an R2 (goodness
of fitness) of almost 1. Negative control contained 0.05%

Neda Karami, et al

DMSO. The LogEC,, and EC;, of the drug are 0.9934 and
9.85, respectively.

Using neurosphere assay, frequency of neurospheres and
the diameter of representative neurospheres from each con-
dition were determined (Fig. 3). Compared to the control,
the number of neurospheres considerably enhanced after ex-
posure of the cells to 1 and 5 uM of JNJ-10397049 (F=13.471,
P<0.001). Other concentrations of the drug did not change
this index (Fig. 3B). In addition, the diameter of NPCs did
not show any noticeable difference among all conditions (Fig.
3C).
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Fig. 4. Changing the fate of neural precursor cells (NPCs) after exposure to orexin 2 receptor inhibitor. The expression of oligodendroglial
marker Olig2 (green; A) and NPCs marker nestin (green; B) were evaluated in NPCs after treatment with 0 or 20 um of JNJ-10397049. The
nuclei were stained with 7-aminoactinomycin D (7AAD) and are shown in red. (C) Representative phase contrast images taken from the
differentiation culture on day 7 at 10x magnification. The black arrowheads specify morphologically suggested mature oligodendrocytes. The
white arrowhead in image bottom panel of C specifies cells likely to be of neuronal lineage. (D, E) Quantification of the percentage of Olig2 and
nestin-positive cells per area on day 7 of culture. *<0.001. Scale bar=100 pm, n=3.
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Inhibition of orexin 2 receptor increased neural
precursor cells differentiation to oligodendroglial
lineage

Because 20 uM concentration of the drug did not have
any effect on cell proliferation as well as it was no-toxic (based
on the results of the previous section), this concentration
of the drug was chosen for differentiation assay. As illus-
trated in Fig. 4, exposing the NPCs to JNJ-10397049 at 20
uM showed higher expression of Olig2 compared to control
group (t=-6.09, P<0.01). On the other hand, lower expression
of nestin was distinctly apparent in cells exposed to the drug
(t=10.698, P<0.001). In addition, the presence of cells with a
more branched morphology was clear in the group treated
with the drug.

Additionally, we analyzed the expression of PDGFq
and CNPase after exposure to 20 uM of JNJ-10397049 (Fig.
5). The expression of CNPase mRNA in the cells received
the drug was noticeably higher than that of control group
(t=-1.16, P<0.05). Although inhibition of orexin 2 receptor
enhanced the expression of PDFRo. mRNA compared to
control group, the difference was not statistically significant.

Discussion

In this study we presented the effect of JNJ-10397049
(a selective orexin 2 receptor inhibitor) in driving cortical
NPCs toward an oligodendroglial lineage. The JNJ-10397049
treated NPCs showed a concentration dependent pattern
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regarding cell proliferation. The 20 uM of JNJ-10397049 did
not have any significant effect on NPCs proliferation but
increased differentiation of NPCs toward oligodendroglial
lineage.

Generation of oligodendrocytes is important for repairing
damaged tissue in neurodegenerative diseases [2]. Demyelin-
ation is one of the main events in MS and SCI [6, 8, 32-34].
In this sense, two strategies are considerable for production
of oligodendrocytes and remyelination [9, 31]. One of them
is stimulation of intrinsic regenerative capacity by using
agents that can activate endogenous NPCs and control the
proliferation, migration, and differentiation of them. An-
other approach is utilizing cells from exogenous sources [2, 3,
10, 35-37]. Among various cell sources, NPCs are one of the
best candidates due to their capacity to produce specific CNS
cells including neurons, astrocytes, and oligodendrocytes [1].

Orexin-containing neurons, originate in the hypothala-
mus and innervate the paraventricular nucleus of the thala-
mus (Fig. 6A). The orexin system was first discovered to
regulate sleep (wakefulness) and appetite but recently studies
revealed its role in pain regulation, cardiovascular function,
neuroendocrine modulation, and other biological processes
[21, 38]. Orexin receptor antagonists have shown great prom-
ise in treatment of insomnia, substance use disorder and
psychosis [39-41]. Suvorexant, almorexant, and several other
dual and single orexin receptors antagonists promote sleep
in humans and are commercially available in the market [39-
46]. In demyelinating diseases such as MS, healthy sleeping
patterns is disrupted [47]; oligodendrocyte proliferation and/
or differentiation and lipid biogenesis patterns are altered
throughout sleep and wakefulness [48]. As depicted in Fig.
6A, orexin has an important role in wakefulness by regulat-
ing and interacting with serotonin, acetylcholine, histamine
and the noradrenergic during this phase [49].

Bellesi et al. [50] demonstrated negative implications of
chronic sleep loss on myelination. Orexin potential role on
vigilance state has been demonstrated by discovery of orexin
2 receptor mutations in narcoleptic dogs. As previously men-
tioned, neurotransmitters of vigilance states have recently
been associated with oligodendrocyte differentiation and
remyelination. Chen et al. [13] presented the negative regula-
tion of oligodendrocyte (OL) differentiation by histamine
receptor 3; serotonin adversely influences OL development
and myelination [14]; in vitro experiments have demon-
strated the potential of muscarinic antagonist treatment on
OPC cultures in inducing differentiation towards mature

https://doi.org/10.5115/acb.21.202
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Fig. 6. Orexin interplay with other neurotransmitters involved in vigilance state and expressed biomarkers of oligodendroglial lineage
throughout differentiation from neural precursor cells (NPCs). (A) Orexin (Hert) is one of the main players of vigilance state and acts via
regulating several neurotransmitters involved in this state. Vigilance state is mainted by cholinergic (Ach) inputs from brain stem (LDT,

J

laterodorsal tegmentum; PRP, pontine reticular formation; PPT, pendonuclopontine tegmentum) to thalamus and subsequently activates
the cortex. Cholinergic inputs from the basal forebrain (BF) are also involved. Other factors involved in maintaining cortical activation in
wakefulness are serotonergic (SHT) dorsal raphe nucleus (DRN), noradrenergic (NA) (LC, corpus coeruleus), dopaminergic (DA) (vPAG,
ventral periaqueductal), histaminergic (His) (TMN, tuberomammillary nucleus), and hypocretinergic (Hert) inputs [49]. (B) Expression of
prominent biomarkers of oligodendrogenesis at different stages of differentiation of NPCs to myelinating oligodendrocytes. Nestin expression
is pronounced in NPCs and oligodendrocyte precursor cells (OPCs) and is not detectable in immature oligodendrocytes. Platelet derived
growth factor alpha (PDGFa,) is present in OPCs and immature oligodendrocytes. Olig2 and Sox10 are expressed throughout almost all stages
of oligodendrocyte differentiation (OPC, immature OL, mature and myelinating OL). 2,3™-cyclic-nucleotide 3’-phosphodiesterase (CNPase)
expression is noticeable in immature OLs and gradually increases in mature and myelinating OLs [54, 55].

OLs [12]. No studies have explored the role of orexin receptor
antagonists on OL formation. However, hypocretin pathway
have been investigated in MS mouse models. Becquet et al.
[51] showed diminished neuroinflammation in experimental
autoimmune encephalomyelitis (EAE) mouse models by sys-
tematic administration of orexin A. In another study, orex-
inergic system was associated with pathologic development
of EAE and administration of orexin A attenuated clinical
symptoms in EAE mice [52]. In another study by Gencer
et al. [53], serum orexin A levels was positively linked with
disease progress and impairment of motor function in MS.
Here, for the first time, we showed the effects of an orexin

https://doi.org/10.5115/acb.21.202

receptor antagonist on behavior of NPCs. Using this antago-
nist helped both in increasing proliferation of NPCs (lower
concentrations) and production of oligodendrocytes from
them (20 um of JNJ-10397049).

We studied the differentiation of NPCs to oligodendro-
cytes by immunostaining cells with nestin and Olig2 an-
tibodies and examining the mRNA expression of CNPase
and PDGFo. (Fig. 6B) [54, 55]. Oligodendrocyte development
depends on stage-specific transcription factors, including
Olig2, Sox10, YY1, Oligl, MRF, and ZFP191 [56]. Oligl/2
are two closely related basic helix-loop-helix transcription
factors, which are crucial and sufficient in the specification
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of oligodendroglial lineage and in differentiation, matura-
tion and myelination/remyelination by oligodendrocytes
[56]. Olig-2 null mice fail to develop cell of oligodendroglial
lineage, moreover, overexpression of Oligo2 in NSCs is suffi-
cient to specify OPCs rather than neurons and/ or astrocytes,
resulting in a dramatic increase in the number of OPCs [57,
58]. In the present study, blockage of orexin receptor led to
enhancement of Olig2 expression in NPCs and consequently
increase in oligodendrocyte-like cells. Nestin stains undif-
ferentiated NSCs and is predominantly expressed in control
conditions.

Myelin is a unique membrane structure enveloping axonal
segments in the nervous system. A mature myelin sheath is
comprised of two main morphological segments, a compact
and a non-compact myelin. CNPase is a membrane anchored
enzyme and the most abundant CNS non-compact myelin
protein [59]. This enzyme is concentrated beneath oligo-
dendrocytes cell membranes and in regions of the myelin
internodes containing oligodendrocyte cytoplasm. CNPase
is a potential autoantigen in MS, which does not have a clear
biological role. CNPase-deficient mice develop axonal swell-
ing and degeneration leading to progression of motor deficits
and premature death [60, 61]. The function, structure, and
importance of CNPase have recently been reviewed by Raa-
sakka et al. [62]. CNPase is widely used as a biomarker of
mature oligodendrocytes. Based on our results, inhibition of
orexin receptor resulted in increase of CNPase-expressing
cells at transcriptional level. Whereas PDGRa. which is
highly expressed in OPCs shows only a slight increase in
transcriptional expression after exposure to JNJ-10397049.

Based on our results, orexin2 receptor is transcriptionally
expressed in NPCs. However, the expression of this receptor
at protein level and its associated agents in the hypocretin
pathway in NPCs needs to be further elucidated. In addition,
exposure of NPCs to JNJ-10307049 can be helpful in in vitro
cell manipulations for production of more oligodendrocyte-
like cells. Further in vivo investigations are needed to clarify
remyelination capacity of JNJ-10397049 used in the pres-
ent study as an inhibitor of orexin 2 receptor. Additionally,
further exploring and elucidating the underlying molecular
mechanism of orexin receptors and hypocretin pathway
in remyelination and oligodendrogenesis or maturation of
oligodendrocytes in vivo and in vitro is necessary. This can
open a new avenue for remyelinating therapies in demyelin-
ating diseases.
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