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Abstract: SCI (spinal cord injury) is a complex and serious neurological disease with no efficient treatment. NSC
(neural stem cells) have the potential for self-renewal, proliferation and differentiation into all types of nerve cells.
The aim of our study is to evaluate the effect of SCE (spinal cord extracts) from injured spinal cord on the differentia-
tion of rat embryonic NSC and to clarify its potential mechanism. Here, NSC were isolated and cultured with SCE.
The experiments were divided into four groups, including NSC + sham, NSC + SCE, NSC + SCE + DMSO (dimethyl
sulfoxide), NSC + SCE + DAPT (N-[N-(3,5-difluorophenacetyl)-1-alanyl]-S-Phenyl-glycinet-butylester). The Notchl1
(notch receptor 1) and Hes1 (hes family bHLH transcription factor 1) mRNA expression was analyzed by qPCR
(quantitative real-time PCR) analysis. The protein expression levels of GFAP (glial fibrillary acidic protein) and NSE
(nestin) were evaluated by immunofluorescence staining. Cell differentiation of NSC was induced by using neuro-
basal medium. The results showed that the NSC were successfully identified, and could proliferate to form spherical
aggregates and was passaged continuously and steadily in vitro. The NSC at fifth generation were positively stained
with NSE, and was capable of differentiating into NSE-positive cells and GFAP-positive cells. SCE treatment could
upregulate the mRNA expression levels of Notch1 and Hes1, but inhibited the differentiation of NSC into neurons.
DAPT could down-regulate the mRNA expression of Notch1 and Hes1 in NSC. Mechanically, DAPT targeting Notch
signal pathway could facilitate NSC differentiation into neurons. Together, our data highlighted that SCE suppresses
the differentiation of rat embryonic NSC by regulating the Notch signaling pathway, and DAPT treatment can reverse
the effect of SCE related differentiation.
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Introduction

SCI (spinal cord injury) is a complex and serious
neurological disease worldwide [1, 2]. SCI is
often caused by traumatic events, including
accidental falls, traffic accidents, violence, and
sports, which leads to severe sensory, motor,
and autonomic dysfunction. To date, there is no
efficient neurorestorative therapy for SCI treat-
ment. Emerging data have shown that the acti-
vation of progenitor/stem cells is a novel prom-
ising strategy for recovery from SCI [3, 4]. For
instance, Chen et al. [5] found that E-cadherin
regulates biologic behaviors of neural stem
cells and promotes motor function recovery fol-

lowing SCI. Tsai et al. [6] demonstrated that
bone marrow mesenchymal stem cell treat-
ment promotes SCI repair and functional recov-
ery by activation of autophagy and enhance-
ment of survival-related proteins. Nori et al. [7]
reported that human oligodendrogenic neural
progenitor cells delivered with chondroitinase
ABC facilitate functional repair of chronic SCI.

NSC (neural stem cells) are undifferentiated
self-renewing progenitor cells that are able to
differentiate into neurons, astrocytes, and oli-
godendrocytes [8]. Previous studies have con-
firmed that NSC transplantation is a promising
regenerative therapy for various of nervous sys-
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tem disorders including SCI [9]. NSC prolifera-
tion and differentiation are the two important
processes in functional recovery after SCI [10].
Many molecules have been confirmed to be
related to NSC proliferation and differentiation
[11]; but so far, there remains much to be fur-
ther clarified. Recently, Yu et al. [12] demon-
strated that melatonin promotes proliferation
of NSC from adult mouse spinal cord via the
PISK/AKT signaling pathway. Fu et al. [13] sug-
gested that EID1 (EP300-interacting inhibitor of
differentiation 1) plays a crucial role in prolifer-
ation of NSC. Zhao et al. [14] showed that loss
of chromatin modulator Dpy30 compromises
proliferation and differentiation of NSC. In addi-
tion, Gao et al. [15] found that microRNA-
342-5p could function as a downstream effec-
tor of Notch signaling to regulate the differenti-
ation of NSC into intermediate neural pro-
genitors and astrocyte commitment. Therefore,
a better understanding of the mechanisms
whereby NSC-associated functional improve-
ments occur will be important to make NSC
transplantation a viable clinical option and lead
to the development of targeted therapy.

To evaluate the effect of spinal cord extracts
(SCE) from injured spinal cord on the differen-
tiation of rat embryonic NSC and to clarify its
potential mechanism, this study initially inve-
stigated the expression of the Notchl (notch
receptor 1) and Hesl1 (hes family bHLH tran-
scription factor 1) mRNA expression by qPCR
(quantitative real-time PCR) analysis. Actually,
SCE could upregulate the expression levels of
Notchl and Hes1 mRNA in NSC. Functional ana-
lysis showed that SCE inhibited NSC to differen-
tiate into neurons. Mechanically, DAPT (N-{N-
(3,5-difluorophenacetyl)-1-alanyl}-S-Phenyl-gly-
cinet-butylester) targeting Notch signal signal-
ing could reverse the effect of SCE related dif-
ferentiation. Our findings uncover an important
role of SCE in impeding the differentiation of
NSC into neurons through regulating the Notch
signaling pathway.

Materials and methods
Ethics statement

The protocol of animal experiments was con-
ducted with the recommendations in the Guide
for the Care and Use of Laboratory Animals of
the National Institutes of Health. The study was
approved by the Committee on the Ethics of
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Animal Experiments in The Affiliated Hospital of
Southwest Medical University (Luzhou, China).

Primary rat embryonic NSC isolation and cul-
ture

The six-week-old female SD (Sprague-Dawley)
rats (body weight at 220-250 g) at 14.5 days of
gestation were obtained from Cyagen Biosci-
ences Inc. (Guangzhou, China). The mice were
housed in SPF (specific pathogen-free) condi-
tions with enough food and water. The primary
rat embryonic NSC was isolated according to
previous literature [16]. The cells were cultured
in DMEM/F12 (Dulbecco’s modified Eagle’s
medium/F12) medium (Thermo Fisher Scien-
tific, Waltham, MA, USA) supplement with 1%
B27 (Sigma-Aldrich, MO, USA), 1% N2 (Sigma-
Aldrich), 1% Pen-Strep (Thermo Fisher Scien-
tific), 20 ng/ml EGF (epidermal growth factor;
PeproTech, Rocky Hill, NJ, USA), and 20 ng/ml
bFGF (basic fibroblast growth factor; Pepro-
Tech). The cells were maintained at 37°C in a
5% CO, humidified atmosphere. The media was
replaced every two days during the cell growth
based on the density, nutrient consumption
rate, and by-product formation rate. The cells
were allowed to proliferate to form neuro-
spheres, and observed under an Olympus
inverted IX71 microscope (Olympus, Tokyo,
Japan).

SCE preparation

60 six-week-old male SD rats (body weight at
220-250 g) were randomly assigned to the NSC
+ sham, NSC + SCE, NSC + SCE + DMSO
(Dimethyl sulfoxide), NSC + SCE + DAPT groups
at 15 rats per group. The rats were anesthe-
tized with 10% chloral hydrate (350 mg/kg
intraperitoneally) and fixed in situ. The skin and
muscle were incised to expose T8-T10 spinal
cord. Spinal nerve roots outside of the spinal
cord were separated, T8-T10 spinal cord were
taken out and immediately placed in sterile
PBS (Sigma-Aldrich) at 4°C. Then, the speci-
men was transferred into a 2 ml grinder and
added with 1 m sterile PBS at 4°C. After that,
specimen were homogenized and centrifuged
at 3 000 rpm for 10 min. Finally, the superna-
tant was filtered using 0.22 um syringe filters
(Sigma-Aldrich) twice and froze at -20°C.

DAPT treatment

The NSC were cultured and grouped as per
above description. The DAPT was obtained
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from Sigma-Aldrich Co. LLC (Sigma-Aldrich). For
DAPT treatment, 50 umol/I DAPT was added to
the SCE + DAPT group, according to the manu-
facturer’s protocols. An equal dose of DMSO
was used as a negative control to add to the
SCE + DMSO group. After 48 h of cell culture,
the efficiency of Notch signaling pathway knock-
down in SCE + DAPT was quantified by qPCR
analysis.

Cell differentiation

NSC were cultured with DMEM/F12 medium for
24 h in culture dishes that had been coated
with extracellular matrix proteins (Corning, NY,
USA) at 37°C overnight. The neuronal differen-
tiation was then induced by changing the medi-
um to neurobasal medium supplemented with
1% B27, 1% N2, 1% Pen-Strep, and 5% FBS
(Thermo Fisher Scientific).

gPCR analysis

Total RNA of NSC was extracted using TRIzol
reagent (Thermo Fisher Scientific). The cDNAs
was synthesized by Oligo-dT primers (Takara,
Dalian, Japan) with 1 ug total RNA, according to
the manufacturer’s protocols. The qPCR assays
were performed on ABI PRISM 7000 Sequence
Detection System (Applied Biosystems, CA,
USA). For determination of the Notchl and
Hes1l mRNA levels, the qPCR was conducted by
using the Takara EmeraldAmp PCR Master Mix
(Takara). The specific primers for Notch1, Hes1,
and glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) were as follows: Notchil-F, 5-
CGGCTGGTCAGGGAAATCGTGC-3’ and Notchi-
R, 5-TGGGTGGGCAGTGGCAGATGTAGG-3’; He-
s1-F, 5-GCGCCGGGCAAGAATAAATG-3’ and He-
s1-R, 5-TCGGTGTTAACGCCCTCACAC-3’; GAP-
DH-F, 5’-GACCCCTTCATTGACCTCAAC-3’ and GA-
PDH-R, 5-CGCTCCTGGAAGATGGTGAT-3'. Rela-
tive levels of Notchl and Hes1 were normalized
to GAPDH, and quantified by the comparative
Cq method using the formula 2-44¢a [17].

Immunofluorescence staining

NSC was seeded on poly-L-ornithine-coated
slides (Corning) and fixed with 4% paraformal-
dehyde (Sigma-Aldrich) for 30 min at 37°C, and
then washed three times with PBS. Cells were
treated with 10% bovine serum (Thermo Fisher
Scientific) and 0.5% Triton X-100 (Sigma-Al-
drich) for 60 min at 37°C. Subsequently, cells
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were washed three times with PBS, and incu-
bated with mouse anti-NSE (nestin) primary
antibody (1:200, #ab218388; Abcam, CA, USA)
and mouse anti-GFAP (glial fibrillary acidic pro-
tein) primary antibody (1:400, #abl10062;
Abcam, CA, USA) overnight at 4°C. After wash-
ing with PBS, cells were incubated with the Cy3
(1:500, #ab97035) or FITC (1:500, #ab6785)-
labeled goat anti-mouse IgG (Abcam) for 2 h at
37°C. After washing with PBS, cells were dyed
with DAPI (Abcam) for 2 min at 37°C. The imag-
es were obtained using an Olympus model
BX41 fluorescence microscope (Olympus, To-
kyo, Japan).

Statistical analysis

All of the experiments were conducted at least
three times. Statistical analyses were conduct-
ed using SPSS 17.0 software (SPSS Statistics
Inc., IL, USA). The data were presented as the
mean * standard deviation (SD). The differenc-
es between two groups were analyzed using
two-sided Student t-test. P < 0.05 was consid-
ered significant.

Results
Identification of primary rat embryonic NSC

A large number of primary rat embryonic NSC
were observed at 24 h of cell cultivation, and
the cells may appear to be split and renewed
(Figure 1A). Several dozens of translucent,
high-refractive, spherical or string-shaped cell
aggregates could be seen at 2 days of cell cul-
ture (Figure 1B). NSC is obviously larger, spheri-
cal, and had a strong proliferative capacity at 4
days of cell culture (Figure 1C). In cell culture
for 8 days, the volume of NSC was significantly
larger than that of the cell culture for 4 days.
The refractive index of NSC was poor, and its
central part was shown as tan (Figure 1D). A
large and well-sized cloned neurosphere can be
observed in the NSC after the fifth generation
(Figure 1E). After 5 days of NSC differentiation,
the neurospheres were flattened, and a large
number of cells with different shapes were
formed around the neurosphere, and were con-
nected to each other to form an intricate net-
work structure (Figure 1F). Immunofluorescence
staining showed that the NSC at fifth genera-
tion were positively stained with NSE (Figure
2A), and were capable of differentiating in-
to NSE-positive cells and GFAP-positive cells
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MmRNA expression were ana-
lyzed by gPCR analysis. The
results showed that the ex-
pression levels of Notchl and
Hes1l mRNA in the NSC + SCE
group were significantly upreg-
ulated compared with the NSC
+ sham group (Figure 3B, P <
0.05). The data demonstrated
that SCE suppresses the dif-
ferentiation of NSC into neu-
rons and increases the Notch1
and Hes1 mRNA expression.

DAPT targeting Notch signal-
ing pathway induces NSC dif-
ferentiation into neurons

Figure 1. Identification of primary rat embryonic NSC. A-D. Images of pri-
mary rat embryonic NSC after 24 h, 2 days, 4 days, 8 days of cell cultivation
(x100 magpnification). E. A large and well-sized clonal neurosphere can be
observed in the NSC after the fifth generation (x200 maghnification). F. After
5 days of NSC differentiation, a large number of cells with different shapes

formed around the neurosphere, and were connected to each other to form
an intricate network structure (x200 magnification). NSC: neural stem cells.

Figure 2. Immunofluorescence staining for analysis of the expression and lo-
cation of GFAP and NSE in NSC. A. NSC at the fifth generation were positively
stained with NSE (red, x100 magnification). B, C. After 5 days of neuronal
differentiation, NSE were capable of differentiating into NSE-positive cells

and GFAP-positive cells (red, x200 magnification). Nucleus was stained with
DAPI (blue). NSE: nestin; GFAP: glial fibrillary acidic protein.

To further identify the poten-
tial mechanism of SCE on NSC
related differentiation, DAPT,
an effective inhibitor of the
Notch signaling pathway, was
applied to knock down the
Notch signaling pathway. qP-
CR analysis showed that the
expression levels of Notchl
and Hes1 mRNA in the NSC +
SCE + DAPT group were down-
regulated compared with the
NSC + SCE + DMSO group
(Figure 4A, P < 0.05). Me-
chanically, the percentage of
NSE-positive cells was higher
in the NSC + SCE + DAPT
group than that in the NSC +
SCE + DMSO group, while the
percentage of GFAP-positive
cells showed no difference

(Figure 2B and 2C). The data demonstrated
that the NSC were successfully identified, and
could proliferate to form spherical aggregates
and be passaged continuously and steadily in
vitro.

SCE impedes the differentiation of NSC into
neurons and increases mRNA expression lev-
els of Notch1 and Hes1

The percentage of NSE-positive cells was lower
in the NSC + SCE group than that in the NSC +
sham group, while the percentage of GFAP-
positive cells had no difference between the
NSC + SCE group and NSC + sham group
(Figure 3A, P < 0.05). Further, Notchl and Hes1
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between the NSC + SCE +
DAPT group and the NSC + SCE + DMSO group
(Figure 4B, P < 0.05). The data demonstrated
that DAPT treatment reverses the inhibition of
SCE on NSC-related differentiation, indicating
SCE impedes differentiation of rat embryonic
NSC into neurons by regulating the Notch sig-
naling pathway.

Discussion

Spinal cord injury (SCI) has been thought to be
an irreversible type of neurological disease
[18]. Evidence has shown a desire to minimize
secondary injury and promote neurological
recovery from SCI [19]. Recently, neural stem
cell (NSC) differentiation after SCl was shown
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Figure 3. Spinal cord extract (SCE) impedes the differentiation of NSC into
neurons and increases the mMRNA expression levels of Notch1l and Hes1.
A. The percentages of NSE and GFAP-positive cells in the NSC + SCE group
and the NSC + sham group. B. gPCR analysis showed that the expression
levels of Notch1 and Hes1 mRNA in the NSC + SCE group were significantly
upregulated compared with the NSC + sham group. SCE: spinal cord ex-
tracts; Notch1: notch receptor 1; Hes1: hes family bHLH transcription factor
1; gPCR: real-time PCR. *P < 0.05.
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Figure 4. DAPT targeting Notch signal pathway induces NSC differentiation
into neurons. A. gPCR analysis of Notch1 and Hes1 mRNA expression in the
NSC + SCE + DAPT group and the NSC + SCE + DMSO group. B. The percent-
ages of NSE and GFAP-positive cells in the NSC + SCE + DAPT group and the
NSC + SCE + DMSO group. DAPT: N-{N-(3,5-difluorophenacetyl)-1-alanyl}-S-
Phenyl-glycinet-butylester; DMSO: dimethyl sulfoxide. *P < 0.05.

to play an important role in functional recovery
from neurological dysfunction [10]. The differ-
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entiation of NSC is regulated
by multiple factors, such as
many coding genes [20], miR-
NAs [15], traditional Chinese
medicine [21], and hormones
[12]. However, the exact me-
chanism that efficiently acti-
vates endogenous NSC for
functional recovery after SCI
remains elusive. In our study,
the role and underlying mech-
anism of spinal cord extracts
(SCE) on differentiation were
investigated. Our data sug-
gested that SCE impeded dif-
ferentiation of rat embryonic
NSC into neurons by regulat-
ing the Notch signaling pa-
thway.

Here, the embryonic NSC
were successfully isolated
from six-week-old female SD
rats at 14.5 days of gestation.
SCE can simulate the microen-
vironment after SCI when it is
cultured with NSC. After 5
days of NSC differentiation,
the neurosphere was flat-
tened and a large number of
cells with different shapes
were formed around the neu-
rosphere. These cells were
connected to each other to
form an intricate network
structure. Immunofluorescen-
ce staining showed that the
NSC at fifth generation were
positively detected with NSE,
and were capable of differenti-
ating into NSE-positive cells
and GFAP-positive cells. Fur-
thermore, the current study
has shown that SCE treatment
decreased the percentage of
NSE-positive cells and elevat-
ed the mRNA expression lev-
els of Notchl and Hesl in
NSC. The data demonstrated
that SCE could impede rat
embryonic NSC differentiation
into neurons in vitro, which
was consistent with the re-

sults of in vivo studies from Horky et al. [22]
and Mothe et al. [23]. It can be concluded that

Int J Clin Exp Pathol 2019;12(10):3855-3861
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SCE from the injured spinal cord could reflect
the microenvironment after SCI to some extent
which might regulate NSC differentiation into
neurons.

Notch is a fate signal integrator that is univer-
sally utilized in stem cells during development,
allowing cells to maintain self-renewal [24]. The
Notch signaling pathway has been reported to
play multiple roles during the development of
the central nervous system [25]. The Notch sig-
naling pathway is thought to maintain “stem-
ness” and to prevent exit from the cell cycle and
maturation [26]. Recent studies have provided
abundant evidence that targets of Notch signal-
ing work together to prevent terminal differen-
tiation and to preserve a pool of stem cells [27].
For example, Notch inhibitors from Calo-
tropis gigantea induce neuronal differentiation
of NSC [28]. Notch signaling is essential for
maturation, self-renewal, and tri-differentiation
of in vitro derived human NSC [29]. MicroRNA-9
stimulation enhances the differentiation of
NSC with zoanthamine by regulating Notch sig-
naling [30]. DAPT is an effective inhibitor of the
Notch signaling pathway, which delivers cell sig-
nals through receptors and ligands of adjacent
cells and influences the morphology and neural
differentiation of NSC [31]. To further identify
the potential mechanism of SCE on NSC related
differentiation, the DAPT was applied to target
Notch signal pathway. Here, our results showed
for the first time that DAPT treatment could
reverse the inhibition of SCE on NSC differenti-
ation into neurons.

In summary, our report provides novel evidence
that SCE impedes differentiation of rat embry-
onic NSC into neurons by regulating the Notch
signaling pathway, indicating that SCE com-
bined with NSC may be a novel promising ther-
apy for SCI treatment.

Acknowledgements

This work was supported by Research Project
of the Affiliated Hospital of Southwest Medical
University (Grant No. 15073), Research Project
of the Southwest Medical University (Grant No.
2015-YJ021), Plan Project of Luzhou Science
and Technology (Grant No. 2016-R-70(18/24)),
and Research Project of Sichuan Provincial
Health and Planning Commission (Grant No.
2015JY0224 and 2016PJ552).

3860

Disclosure of conflict of interest
None.

Address correspondence to: Xufeng Jia, Department
of Orthopaedics, The Peoples’ Hospital of Jianyang
City, No.180, Hospital Road, Jianyang 641400,
Sichuan Province, China. Tel: +86-13882952099;
E-mail: 240201912@qq.com; Qingzhong Zhou, De-
partment of Spine Surgery, The Affiliated Hospital of
Southwest Medical University, No. 25, Taiping Str-
eet, Luzhou 646000, Sichuan Province, China. Tel:
+86-15984040902; E-mail: 568937629@qg.com

References

[1]  Eckert MJ and Martin MJ. Trauma: spinal cord
injury. Surg Clin North Am 2017; 97: 1031-
1045.

[2] Courtine G and Sofroniew MV. Spinal cord re-
pair: advances in biology and technology. Nat
Med 2019; 25: 898-908.

[3] Cofano F, Boido M, Monticelli M, Zenga F,
Ducati A, Verceli A and Garbossa D.
Mesenchymal stem cells for spinal cord injury:
current options, limitations, and future of cell
therapy. Int J Mol Sci 2019; 20.

[4] Nagoshi N, Tsuji O, Nakamura M and Okano H.
Cell therapy for spinal cord injury using in-
duced pluripotent stem cells. Regen Ther
2019; 11: 75-80.

[5] Chen D, Hu S, Liu J and Li S. E-cadherin regu-
lates biological behaviors of neural stem cells
and promotes motor function recovery follow-
ing spinal cord injury. Exp Ther Med 2019; 17:
2061-2070.

[6] Tsai MJ, Liou DY, Lin YR, Weng CF, Huang MC,
Huang WC, Tseng FW and Cheng H. Attenuating
spinal cord injury by conditioned medium from
bone marrow mesenchymal stem cells. J Clin
Med 2018; 8.

[7]1 Nori S, Khazaei M, Ahuja CS, Yokota K, Ahlfors
JE, LiuY, Wang J, Shibata S, Chio J, Hettiaratchi
MH, Fuhrmann T, Shoichet MS and Fehlings
MG. Human oligodendrogenic neural progeni-
tor cells delivered with chondroitinase ABC fa-
cilitate functional repair of chronic spinal cord
injury. Stem Cell Rep 2018; 11: 1433-1448.

[8] Tao Y and Zhang SC. Neural subtype specifica-
tion from human pluripotent stem cells. Cell
Stem Cell 2016; 19: 573-586.

[9] Stenudd M, Sabelstrom H and Frisen J. Role of
endogenous neural stem cells in spinal cord
injury and repair. JAMA Neurol 2015; 72: 235-
237.

[10] Li JY, Liu J, Manaph NPA, Bobrovskaya L and
Zhou XF. ProBDNF inhibits proliferation, migra-
tion and differentiation of mouse neural stem
cells. Brain Res 2017; 1668: 46-55.

Int J Clin Exp Pathol 2019;12(10):3855-3861


mailto:240201912@qq.com
mailto:568937629@qq.com

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Spinal cord extract impedes cell differentiation

Li XW, Gao HY and Liu J. The role of taurine in
improving neural stem cells proliferation and
differentiation. Nutr Neurosci 2017; 20: 409-
415.

Yu S, Zhang X, Xu Z and Hu C. Melatonin pro-
motes proliferation of neural stem cells from
adult mouse spinal cord via the PI3BK/AKT sig-
naling pathway. FEBS Lett 2019; 593: 1751-
1762.

Fu X, Ding B, Wang C, Chen C, Wang J, Fei X
and Xu R. EID1 plays a crucial role in prolifera-
tion of neural stem cell. Biochem Biophys Res
Commun 2019; 512: 763-769.

Zhao T, Hong Y, Ming GL and Song H. Loss of
chromatin modulator Dpy30 compromises pro-
liferation and differentiation of postnatal neu-
ral stem cells. J Mol Cell Biol 2019; [Epub
ahead of print].

Gao F, Zhang YF, Zhang ZP, Fu LA, Cao XL,
Zhang YZ, Guo CJ, Yan XC, Yang QC, Hu YY,
Zhao XH, Wang YZ, Wu SX, Ju G, Zheng MH and
Han H. miR-342-5p regulates neural stem cell
proliferation and differentiation downstream
to notch signaling in mice. Stem Cell Rep 2017;
8:1032-1045.

Zhou QZ, Zhang G, Long HB, Lei F, Ye F, Jia XF,
Zhou YL, Kang JP and Feng DX. Effect of spinal
cord extracts after spinal cord injury on prolif-
eration of rat embryonic neural stem cells and
Notch signal pathway in vitro. Asian Pac J Trop
Med 2014; 7: 562-567.

Schmittgen TD and Livak KJ. Analyzing real-
time PCR data by the comparative C(T) meth-
od. Nat Protoc 2008; 3: 1101-1108.

Singh A, Tetreault L, Kalsi-Ryan S, Nouri A and
Fehlings MG. Global prevalence and incidence
of traumatic spinal cord injury. Clin Epidemiol
2014; 6: 309-331.

Tator CH. Strategies for recovery and regenera-
tion after brain and spinal cord injury. Inj Prev
2002; 8 Suppl 4: IV33-36.

Winokurow N and Schumacher S. A role for
polycystin-1 and polycystin-2 in neural progeni-
tor cell differentiation. Cell Mol Life Sci 2019;
76: 2851-2869.

Son S, Kim KT, Cho DC, Kim HJ, Sung JK and
Bae JS. Curcumin stimulates proliferation of
spinal cord neural progenitor cells via a mito-
gen-activated protein kinase signaling path-
way. J Korean Neurosurg Soc 2014; 56: 1-4.

3861

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

Horky LL, Galimi F, Gage FH and Horner PJ.
Fate of endogenous stem/progenitor cells fol-
lowing spinal cord injury. J Comp Neurol 2006;
498: 525-538.

Mothe AJ and Tator CH. Proliferation, migra-
tion, and differentiation of endogenous epen-
dymal region stem/progenitor cells following
minimal spinal cord injury in the adult rat.
Neuroscience 2005; 131: 177-187.

Sun J, Zhou W, Ma D and Yang Y. Endothelial
cells promote neural stem cell proliferation
and differentiation associated with VEGF acti-
vated Notch and Pten signaling. Dev Dyn 2010;
239: 2345-2353.

Yoon K and Gaiano N. Notch signaling in the
mammalian central nervous system: insights
from mouse mutants. Nat Neurosci 2005; 8:
709-715.

Gomi K, Staudt MR, Salit J, Kaner RJ, Heldrich
J, Rogalski AM, Arbelaez V, Crystal RG and
Walters MS. JAG1-mediated notch signaling
regulates secretory cell differentiation of the
human airway epithelium. Stem Cell Rev 2016;
12: 454-463.

Alexson TO, Hitoshi S, Coles BL, Bernstein A
and van der Kooy D. Notch signaling is required
to maintain all neural stem cell populations-
-irrespective of spatial or temporal niche. Dev
Neurosci 2006; 28: 34-48.

Yoneyama T, Arai MA, Akamine R, Koryudzu K,
Tsuchiya A, Sadhu SK, Ahmed F, Itoh M,
Okamoto R and Ishibashi M. Notch inhibitors
from calotropis gigantea that induce neuronal
differentiation of neural stem cells. J Nat Prod
2017; 80: 2453-2461.

Venkatesh K, Reddy LVK, Abbas S, Mullick M,
Moghal ETB, Balakrishna JP and Sen D. NOTCH
signaling is essential for maturation, self-re-
newal, and Tri-differentiation of in vitro derived
human neural stem cells. Cell Reprogram
2017; 19: 372-383.

Li F, Chen A and Zhang J. miR-9 stimulation en-
hances the differentiation of neural stem cells
with zoanthamine by regulating Notch signal-
ing. Am J Transl Res 2019; 11: 1780-1788.
Wang J, Ye Z, Zheng S, Chen L, Wan Y, Deng Y
and Yang R. Lingo-1 shRNA and Notch signal-
ing inhibitor DAPT promote differentiation of
neural stem/progenitor cells into neurons.
Brain Res 2016; 1634: 34-44.

Int J Clin Exp Pathol 2019;12(10):3855-3861



