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Abstract: Background: Neural stem cells (NSCs) are pluripotent and self-renewing cells which could differentiate
into diverse types of neural cells, such as dopaminergic (DA) neurons, the loss of which is the typical characteristic
of Parkinson’s disease (PD). This study aimed to examine the molecular mechanisms of BMP2-mediating NSCs dif-
ferentiation into DA neurons. Methods: Different concentrations of BMP2 were used to induce the differentiation
of NSCs into DA neurons, which were characterized by the number and the neurite lengths of tyrosine hydroxylase
(TH)+ and dopamine transporter (DAT)+ neurons by immunocytochemistry. qRT-PCR and Western blot were per-
formed to explore the expression of miR-145 and Nurrl. The methylation level of miR-145 promoter was examined
by DNA methylation analyses. The regulation of miR-145 on Nurrl was detected by Dual-Luciferase reporter assay.
Results: The number of TH+ and DAT+ neurons were significantly increased in NSCs treated with 20 and 100 ng/ml
of BMP2, as well as the neurite lengths of TH+ and DAT+ neurons. The reduced level of miR-145 and up-regulated
Nurrl were observed in NSCs induced by BMP2. The hypermethylation level of miR-145 promoter down-regulated
the expression of miR-145 in NSCs pretreated with BMP2, which was regulated by DNMT3b. Luciferase reporter
assay showed that Nurrl was a direct target of miR-145. miR-145 overexpression restrained the differentiating ef-
fect of BMP2. Moreover, overexpression of Nurrl abrogated this effect of miR-145 overexpression. Conclusion: Our
results showed that BMP2 promoted the differentiation of NSCs into DA neurons in vitro and miR-145 and Nurrl
were involved in the neurotrophic effects of BMP2.
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Introduction cells for midbrain DA neurons [3]. Therefore, the
study of NSCs cultured in vitro and the mecha-
nism of induced differentiation is in the ascen-

dant nowadays, which will facilitate the clinical

Neural stem cells (NSCs) are pluripotent and
self-renewing cells which could differentiate

into diverse types of neural cells following
asymmetrical cell division, such as dopaminer-
gic (DA) neurons, astrocytes, and oligodendrog-
lia [1]. The central nervous system (CNS) and
spinal cord are the source of NSCs. Among
them, mesencephalic NSCs are the precursor
cells of DA neurons and show strong prolifera-
tive capacity and multipotentiality [2]. Moreover,
they could be induced into DA neurons under
certain conditions in vivo and in vitro [2].
Parkinson’s disease (PD), as a serious degen-
erative disorder of CNS, is characterized by
Tthe progressive degeneration and necrosis of
DA neurons. Recently, DA cell replacement
therapy is considered as a promising treatment
for PD, especially using NSCs as new donor

application of NSCs-based therapies for PD.

Nurrl is a transcription factor belonging to the
orphan nuclear receptor family 4 (NR4A) [4].
The expression of Nurrl is confined predomi-
nantly to the CNS in limbic areas and the ventral
midbrain, including DA neurons [5]. Mounting
evidence indicate that Nurrl in the ventral mid-
brain starts to be expressed at embryonic day
10.5 and just before tyrosine hydroxylase (TH)
which is the dopaminergic marker enzyme [6,
7]. Nurrl is expressed in DA neurons through-
out life, suggesting its essential role for normal
functions of DA neurons. Nurrl could directly
bind to a NGFI-B response element on the pro-
moter of TH, resulting in the induction of TH
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transcription and activating the expression of
TH [8]. In addition, Nurrl could induce the
transcription of dopamine transporter (DAT)
[9]. In the absence of Nurrl, neural stem cells
were found to fail to differentiate into a fully DA
phenotype, indicating that Nurrl affected the
survival and differentiation of midbrain DA neu-
rons [7]. However, the regulatory mechanism of
Nurrl in the differentiation of NSCs into DA
neurons has not been established.

MicroRNAs (miRNAs) are a class of small non-
coding RNAs (18-24 nucleotides) that negative-
ly regulate the expression of several genes
through interacting with the 3'-UTRs of target
MRNAs, which either blocks translation or pro-
motes the degradation of the mRNA target [10].
miRNAs are involved in the regulation of several
cellular processes, such as cell proliferation,
cycle, apoptosis, and development [11]. In the
CNS, ectopic expression of specific miRNAs is
associated with some physiological processes
and neurological disorders, such as PD, stroke,
Alzheimer’s disease and brain injury [12].
Among the identified miRNAs so far, miR-145
can direct vascular smooth muscle cell (VSMC)
differentiation from multipotent stem cells
[13]. Lee et al. reported that exogenous miR-
145 could be delivered to neural cells by mes-
enchymal stem cells and induced neuronal dif-
ferentiation of the neural progenitor cells
(NPCs) [14]. In addition, miR-145 has been
considered as a tumor suppressor and is
downregulated in various types of cancers [15].

In this study, we induced the differentiation of
NSCs into DA neurons with different concentra-
tion of bone morphogenetic protein (BMP) and
detected the expression of miR-145 and Nurrl.
We found that knockdown of miR-145 promot-
ed the differentiation of NSCs into DA neurons,
which was abrogated by the knockdown of
Nurrl. Moreover, we explored the effect of miR-
145 and Nurrl on the NSCs differentiation
induced by BMP.

Materials and methods
Cell cultures

The ventral midbrain from E14 SD rat was
harvested and NSC cultures were generated
as described previously [16]. The ventral mid-
brain were minced with scalpels and digested
in 0.25% of trypsase at 37°C for 5 min.
Dulbecco’s modified Eagle’s medium (DMEM)
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containing 10% of fetal bovine serum (FBS)
(Invitrogen) was used to stop the digestion.
After centrifugation, the supernatant was fil-
tered with 150-200 mesh and seeded in den-
sity of 4x10° cells/mL in culture medium con-
taining DMEM/F12, knockout serum replace-
ment, B27, basic fibroblast growth factor (FGF,
20 ng/mL), and epidermal growth factor (EGF,
20 ng/mL) to form neurospheres. Neuros-
pheres were passaged into small clumps and
were then cultured in maintenance medium
containing DMEM/F12, B27, basic FGF (20 ng/
mL) and EGF (20 ng/mL). The neurospheres
were passaged every 7-14 days by changing
the medium every 3-4 days. Cells were cultured
at 37°C in a humidified atmosphere containing
5% CO,. BMP2 (R&D) was used to induce the
differentiation of NSC at the concentrations of
0,0.1, 1, 10, 20, 100 ng/ml for two weeks.

HT22 neuronal cells were purchased from
American Type Culture Collection (ATCC) and
cultured in DMEM containing 10% fetal bovine
serum (FBS) and penicillin/streptomycin (all
media from Invitrogen, Carlsbad, CA, USA) at
37°C in a humidified atmosphere containing
5% CO,,.

Quantitative real-time PCR (qRT-PCR)

Total RNA from cultured cells was extracted by
using TRIzol Reagent (Life Technologies, USA)
according to the instruction. For mRNA detec-
tion, total RNA was reverse-transcribed to yield
cDNA by using the Transcriptor First Strand
cDNA Synthesis Kit (Roche). The expression of
Nurrl and GAPDH were measured by real-time
PCR using the SYBR Green PCR Master (Roche).
For miRNA detection, reverse transcription was
performed using the TagMan microRNA
Reverse Transcription Kit (Applied Biosystem).
gRT-PCR was performed by using TagMan
MicroRNA® Assays (Applied Biosystems). U6
was used as the endogenous control to normal-
ize miR-145 expression. Samples were per-
formed by using Bio-Rad Chromo 4 System
Real-Time PCR detector (Bio-Rad), and the 24t
method was used to calculate the fold change.
All reactions were performed in duplicate.

Western blot analysis

Cells were lysed on ice in RIPA buffer with
Protease Inhibitor (Roche) for 10 min. Protein
Assay (Bio-Rad) was performed to measure the
total protein concentrations. Protein was load-
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ed in 10% SDS-polyacrylamide gel for electro-
phoresis, and then transferred to a PVDF mem-
brane (Millipore, Bedford, MA, USA). After
blocked with 5% non-fat milk for 2 h at room
temperature, the membrane was incubated
with primary antibody Nurrl (1:1000, Abcam)
and B-atcin (1:1000, Abcam, Cambridge, UK)
for 3 h at room temperature. The HRP labeled
goat-anti-rabbit secondary antibody (1:5000,
Abcam, Cambridge, UK) was incubated for 1 h
at room temperature.

DNA extraction and methylation analyses

Genomic DNA was extracted from the cells by
using Puregene reagents (Qiagen) according to
the manufacturer’s instructions. Bisulfite treat-
ment was performed on 1 ug DNA using EpiTect
Fast Bisulfite Conversion Kit (Qiagen), accord-
ing to the manual. Amplicons and primers with-
in the promoter area were designed using
SequenomEpiDesigner (www.epidesigner.com).
An amplicon starting 353 bp, and ending 90 bp
upstream of miR-145 was used for the methyla-
tion analysis. PCR amplification of the amplicon
was carried out with 50 ng of bisulfite-treated
DNA in a total volume of 25 ul. PCR conditions
were 1 cycle for 10 min at 95°C followed by 35
cycles for20 s at 94°C, 30 s at 60°C and 1 min
at 72°C, then later for 3 min at 72°C. The PCR
products were analyzed by 2% agarose gel
electrophoresis and purified using the QIAquick
PCR purification kit (Qiagen). PCR products
were subcloned into T-vector and transformed
into Escherichia coli. The cloned PCR products
were sequenced by Sangon Biotech (Shanghai,
China). Analysis and representation of CpG
dinucleotide methylation was carried out using
BISMA (http:// services.ibc.uni-stuttgart.de/
BDPC/BISMA).

Cell transfection

MiRNA-145 mimics or inhibitor and its negative
control were purchased from RiboBio (Guang-
zhou, China). SiRNA that target DNMT3b or
Nurrl and the negative control were purchased
from Invitrogen (USA). A DNA fragment encod-
ing Nurrl was amplified by PCR and cloned into
pcDNA-3.1 vector (Ambion), yielding the recom-
binant vector pcDNA-3.1-Nurrl. NSCs were cul-
tured the day before transfection at a conflu-
ence of 50% and were transfected using
Lipofectamine 2000 (Invitrogen) according to
the manufacturer’s instruction.

3691

Dual-Luciferase reporter assay

Nurrl-3-UTR fragment containing predicted
target site of miR-145 and Nurrl-3’-UTR frag-
ment with mutated site were synthesized and
purchased from Sangon Biotech (Shanghai,
China). These fragments were cloned into the
pmirGLO Vector, a dual-luciferase miRNA target
expression reporter vector (Promega). HT22
cells were then co-transfected with 200 ng
reporter vector and 50 nM miR-145 mimic or
inhibitor by using Lipofectamine 2000. Cells
were harvested 48 h post transfection and
luciferase activities were analyzed by the Dual-
Glo Luciferase Assay System (Promega,
Madison, WI). Firefly luciferase was used to nor-
malize the Renilla luciferase.

Immunocytochemistry

Primary antibodies included mouse anti-TH
(1:200, Millipore) and rat anti-DAT (1:5000,
Millipore). Alexa Fluor 568-conjugated goat
anti-mouse 1gG (1:500, Invitrogen) was the sec-
ondary antibody. The expression of TH and DAT
was observed under a fluorescent confocal
microscope (Olympus, Japan). We then calcu-
lated the percentage of cells double labeled
with GFP/TH or GFP/DAT in the Hoechst labeled
cells (total cells). The number of GFP, TH, DAT,
and Hoechst-positive cells were counted,
respectively, in 10 randomly selected micro-
scopic visual fields per well, 6 wells per group,
and the neurite lengths of TH+ and DAT+ neu-
rons were analyzed using QWin automatic
image analyzer (Leica, Germany).

Chromatin immunoprecipitation (ChIP)

ChlIP assays were performed using SimpleChlP
Enzymatic Chromatin IP kit (Cell Signaling
Technology, Beverly, MA) as per the manufac-
turers’ instructions. Briefly, cells were cross-
linked with 1% formaldehyde at room tempera-
ture for 10 min and then 2.5 M glycine added to
stop the reaction. After a series of pretreat-
ments, lysates were incubated with 50 pl of
Protein A agarose/salmon sperm DNA preload-
ed with 1 ug of DNMT3a, or DNMT1, or DNMT3b
or IgG antibody overnight at 4°C. Protein A aga-
rose/salmon sperm DNA was incubated at
65°C to reverse the covalent histone-DNA
bonds. The released DNA was purified and then
used for analysis by RT-PCR. The fold induction
over input was calculated using 224,
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Figure 1. Expression of miR-145 was decreased in the

differential NSCs induced by BMP2. To induce the differ-

entiation of NSCs into DA neurons, BMP2 were used to Nurrl s o - m
treat NSCs with different concentration (0, 0.1, 1, 10, 20, : i 4s

100 ng/ml) for two weeks. A. The differentiation rate and

neurite lengths of TH+ and DAT+ neurons were detected BACHN ——————
by immunocytochemistry and flow cytometry; B. The miR-

145 level in these differential NSCs; C. The mRNA and

protein level of Nurrl in these differential NSCs. *VS con- 0 0.1 1 10 20 100
trol NSCs, P<0.05; **VS control NSCs, P<0.01; n=6. (ng/ml)
Statistical analysis weeks. The number of TH+ and DAT+ neurons in
the NSCs grew with increasing BMP2 concen-
The data in this study were presented as the tration. The differentiation rate in NSCs pre-
mean * standard deviation (SD). Statistical sig- treated with 20 or 100 ng/ml of BMP2 reached
nificance was assessed by ANOVA followed by at 41.8% and 59.1% (Figure 1A). In addition,
the Bonferroni’'s post hoc test. Each experiment the average neurite lengths in neurons were
was repeated at least three times. Data were significantly increased in NSCs pretreated with
analyzed using Origin 7.0 Software. Statistical 1, 10, 20, 100 ng/ml of BMP2 (Figure 1A).
significance was defined as P<0.01. These results suggested that BMP2 promoted
the differentiation of NSCs into DA neurons. To
Results explore the possible molecular mechanism
involving this process, we examined the miR-
BMP2 promotes the differentiation of NSCs 145 level in these NSCs by gRT-PCR. As dem-
into DA neurons onstrated in Figure 1B, the miR-145 level was
downregulated with the increasing BMP2 con-
NSCs were treated with different concentration centration. The mRNA and protein level of Nurrl
(0, 0.1, 1, 10, 20, 100 ng/ml) of BMP2 for two significantly increased in a concentration-
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Figure 2. DNA methylation level of miR-145 promoter was increased in BMP2-inducing NSCs. NSCs were treated
with O or 20 ng/ml of BMP2 for two weeks. A. Sequencing of bisulfite-treated DNA encoding miR-145 in cells and
the methylation level of miR-145 promoter in the NSCs. B. The binding of miR-145 promoter with DNMT1, DNMT3a,
or DNMT3b were examined by ChlP. Each line represents a single clone. Black boxes, methylated CpG sites; white
boxes, unmethylated CpG sites; **VS control NSCs, P<0.01; n=6.

dependent manner of BMP2. These results
showed the reduced level of miR-145 and up-
regulated Nurrl in NSCs induced by higher con-
centration of BMP2.

DNA methylation level of miR-145 in BMP2-
inducing NSCs

To dissect the molecular mechanisms underly-
ing the decreased abundance of miR-145 in
NSCs induced by BMP2, we assessed the
methylation status of CpG island in miR-145
promoter by direct bisulfite sequencing. As
shown in Figure 2A, NSCs pretreated with 20
ng/ml of BMP2 for two weeks showed remark-
ably elevated methylation level of miR-145 CpG
island comparing to that in NSCs with no treat-
ment. As DNA methylation was typically regu-
lated by methyltransferases (DNMTs), we
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detected the binding of miR-145 promoter with
DNMT1, DNMT3a, or DNMT3b by ChIP. Con-
sequently, there was little difference in the
binding of miR-145 promoter with DNMT1 (or
DNMT3a) between the NSCs pretreated with O
and that pretreated with 20 ng/ml of BMP2
(Figure 2B). However, increasing binding of
miR-145 promoter with DNMT3b was observed
in NSCs pretreated with 20 ng/ml of BMP2.
Altogether these findings proposed that CpG
island methylation within the miR-145 promot-
er contributed to the down-regulation of miR-
145 in NSCs pretreated with BMP2.

DNMT3b knockdown prevents BMP2-induced
downregulation of miR-145 in NSCs

As DNMT3b was found to be involved in the
down-regulation of miR-145 in NSCs pretreated

Am J Transl Res 2016;8(9):3689-3699
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Figure 3. Abrogating effect of DNMT3b knockdown
on the expression of miR-145 induced by BMP2.
NSCs transfected with si-DNMT3b or si-NC were
treated with O or 20 ng/ml of BMP2 for two weeks.
qRT-PCR were performed to detect the level of miR-
145, **VS control, P<0.01; n=6.

with BMP2, we detected the impact of DNMT3b
knockdown on the expression of miR-145.
NSCs were divided into four groups: treated
with O ng/ml of BMP2; treated with 20 ng/ml of
BMP2; treated with 20 ng/ml of BMP2 and
transfected with si-NC; treated with 20 ng/ml
of BMP2 and transfected with si-DNMT3b. It
has been found that knockdown of DNMT3b
abrogated the down-regulation of miR-145
induced by BMP2 in NSCs (Figure 3).

Knockdown of miR-145 promotes the differen-
tiation of NSCs into DA neurons

To test the effect of miR-145 on the differentia-
tion of NSCs into DA neurons, NSCs were trans-
fected with miR-145 inhibitor or NC and then
treated with differentiation liquid without
BMP2. Immunocytochemistry assay revealed
that the percentage of TH+ and DAT+ neurons
has increased substantially in NSCs transfect-
ed with miR-145 inhibitor (Figure 4). Con-
gruously, the average neurite lengths in neu-
rons were also significantly increased in NSCs
transfected with miR-145 inhibitor (Figure 4).
These results suggested that knockdown of
miR-145 promoted the differentiation of NSCs
into DA neurons.

Nurrl is a direct target of miR-145

To further dissect the contribution of miR-145
down-regulation to the differentiation of NSCs,
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we searched for additional, yet undiscovered,
mRNA target of miR-145. Finally, we noted
Nurrl, the annotated functions of which were
well-known to be related to the differentiation
of NSCs, among the putative mRNA targets
based on the biological prediction software
online. As shown in Figure 5A, the 3-UTR of
Nurrl contained one consensus binding site of
miR-145. Thus we constructed the dual-lucifer-
ase reporter vectors containing the Nurrl
3-UTR-WT or Nurrl 3’-UTR-MU oligonucleotide
pairs, which were corresponding to miR-145
targeting site or mutating site, respectively.
HT22 cells were co-transfected with miR-145
mimics and the dual-luciferase reporter vec-
tors. The dual-luciferase reporter assay showed
that the luciferase activity of Nurrl wild-type
3’-UTR was significantly reduced after miR-145
mimics transfection, whereas the luciferase
activity of Nurrl 3-UTR-MU was not affected
(Figure 5B). Subsequently, the qRT-PCR experi-
ment and Western blot showed that mRNA and
protein level of Nurrl both decreased after
HT22 cells transfected with miR-145 mimics.
Moreover, we also found that miR-145 inhibitor
enhanced the luciferase activity of Nurrl wild-
type 3-UTR and the expression of Nurrl in
HT22 cells (Figure 5C). Altogether, these find-
ings identified Nurrl as a novel target of
miR-145.

Nurrl involves in the differentiation of NSCs
induced by the knockdown of miR-145

To identify miR-145 and Nurrl implicated in the
differentiation of NSCs, NSCs were transfected
with NC, or miR-145 inhibitor, or miR-145 inhibi-
tor and si-NC, or miR-145 inhibitor and si-Nurr1.
Then differentiation liquid without BMP2 was
utilized to treat these NSCs. As shown in Figure
6, the percentage of TH+ and DAT+ neurons
and the average neurite lengths in neurons
have increased substantially in NSCs transfect-
ed with miR-145 inhibitor. However, siRNA-
mediated knock down of Nurrl markedly
impaired this catalytic role of miR-145 inhibitor
on differentiation of NSCs (Figure 6). These
results suggest that Nurrl involved in the dif-
ferentiation of NSCs into DA neurons induced
by the knockdown of miR-145.

The impact of miR-145 overexpression and
Nurrl on the differentiation of NSCs induced
by BMP2

To further elucidate the effect of miR-145 over-
expression and Nurrl overexpression on the

Am J Transl Res 2016;8(9):3689-3699
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Figure 4. The effect of miR-145 inhibitor on the differentiation of NSCs
into DA neurons. NSCs were transfected with miR-145 inhibitor or NC and
then treated with differentiation liquid without BMP2. The differentiation
rate and neurite lengths of TH+ and DAT+ neurons were detected by im-
munocytochemistry and flow cytometry. **VS control NSCs, P<0.01; n=6.

differentiation of NSCs induced by BMP2, NSCs
were treated with O ng/ml of BMP2, or 20 ng/
ml of BMP2, or 20 ng/ml of BMP2+NC, or 20
ng/ml of BMP2+miR-145 mimics, or 20 ng/ml
of BMP2+miR-145 mimics+pcDNA-3.1, 20
ng/ml of BMP2+miR-145 mimics+pcDNA-3.1-
Nurrl. miR-145 overexpression significantly
reduced the percentage of TH+ and DAT+ neu-
rons and the average neurite lengths in neu-
rons induced by BMP2, which indicated that
miR-145 overexpression restrained the differ-
entiating effect of BMP2 (Figure 7). Moreover,
overexpression of Nurrl abrogated this effect
of miR-145 overexpression, as demonstrated in
Figure 7.

Discussion

PD has traditionally been regarded as a com-
mon neurodegenenerative disorder. As the
gradual loss of nigostriatal DA neurons is the
pathological hallmark of PD, it is a logical treat-
ment for PD to replace the lost DA neurons and
accompanied tissues. In previous clinical stud-
ies, fresh human fetal ventral mesencephalic
(hfVM) tissue transplantation was developed
and showed safety and efficacy in cell therapy
trials for PD patients [17, 18]. However, the ele-
vated cell death rate of the transplanted cells
and a lack of reproducibility depleted the appli-
cation of this therapy [19]. Owing to the tremen-
dous progress in understanding the stem cell
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biology, human NSCs (hNSCs)

s are considered to help to avoid
these problems [20]. NSCs are

self-renew cells and can differ-

entiate into all neural lineage

cells, which may replace lost

DA neurons and reverse the
degenerative process of PD

[21]. Based on the experience

with hfVM tissue engraftment

and the properties of NSC, NSC

< transplantation is a promising
*é‘g and attractive treatment option

& for PD. A study reported by

Redmond et al. showed that
non-differentiated NSCs had a
functional impact when im-
planted into PD primates [22].
Differentiated cells derived
from fetal NSCs improved the
motor deficits in a rat model of
PD. Nowadays, the key chal-
lenges for NSCs transplantation
might be the induction of the differentiation of
NSCs into DA neurons and their functional sur-
vival in dopamine secretion.

Bone morphogenetic protein (BMP) is a mem-
ber of the transforming growth factor (TGF)-f
superfamily, which have emerged as critical
regulators of NSC self-renewal and its mainte-
nance in adulthood [23]. Among the member of
these families, BMP2 was the most extensively
studied member. Mounting evidence indicated
that BMP2 promoted the survival and growth of
midbrain dopaminergic neurons in vitro and in
vivo [24, 25]. In this study, we treated the NSCs
with different concentration (0O, 0.1, 1, 10, 20,
100 ng/ml) of BMP2 for two weeks. Immu-
nocytochemistry showed that the differentia-
tion rate of NSCs treated with 20 or 100 ng/ml
of BMP2 reached at 41.8% and 59.1%. In addi-
tion, the average neurite lengths in neurons
were significantly increased in NSCs treated
with BMP2. These results suggested that BMP2
promoted the differentiation of NSCs into DA
neurons in a concentration-dependent manner.
It has been found that the function of BMP2 in
the developing nervous system was various,
which might depend upon the developmental
stage of the progenitor cells. For example,
BMP2 treatment has been found to induce neu-
ronal differentiation of neural crest progenitor
cells, but conversely has been reported to
result in inhibition of neuronal differentiation in

Am J Transl Res 2016;8(9):3689-3699
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were performed to detect the expression of Nurrl. **VS the control, P<0.01, n=6.

other populations of progenitor cells [26, 27]. In
this study, we found BMP2 promoted the dif-
ferentiation of NSCs into DA neurons.

To date, several miRNAs have been identified
that can regulate the neural cell lineage during
differentiation by modulating the BMP signaling
pathway, such as miR-17, miR-22 and miR-134
[28]. To further elucidate the molecular mecha-
nisms that mediated the neurotrophic effects
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of BMP2 on NSCs differentiation, the miR-145
level was detected in the NSCs pre-treated with
BMP2. miR-145 was downregulated with the
increasing BMP2 concentration. In addition,
hyper-methylation level of miR-145 promoter
was observed and regulated by DNMT3b.
Caruso et al. suggested that miR-145 was the
downstream of BMP signaling in mice and pul-
monary arterial hypertension (PAH) patients
[29]. BMP signal was also found to activate the
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transfected with NC, or miR-145 inhibitor, or miR-145 inhibitor and si-NC, or miR-145 inhibitor and si-Nurrl. Then
differentiation liquid without BMP2 was utilized to treat these NSCs. The differentiation rate and neurite lengths of
TH+ and DAT+ neurons were detected by immunocytochemistry and flow cytometry. **VS control NSCs, P<0.01;
n=6.
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Figure 7. The impact of miR-145 overexpression and Nurrl on the differentiation of NSCs induced by BMP2. NSCs
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Nurrl. The differentiation rate and neurite lengths of TH+ and DAT+ neurons were detected by immunocytochemis-
try and flow cytometry. **VS control NSCs, P<0.01; n=6.

transcription of the miRNA-143/145 gene clus- several cancers [30-32]. miR-145 also regulat-
ter through a consensus sequence [28]. In gen- ed the VSMC differentiation via repressing
eral, miR-145 acted as a tumor suppressor in Kruppel-like factor 4 (KLF4) [33]. In this study,
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we found that overexpression of miR-145 inhib-
ited the differentiation of NSCs into DA neurons
induced by BMPs.

Through the prediction of biological software,
we found that the 3’-UTR of Nurrl contained
one consensus binding site of miR-145. Dual-
luciferase reporter assay further showed that
Nurrl was a novel target of miR-145. Nurrl has
been found to play important roles in midbrain
DA neuron development [7]. In familial PD,
mutations in the human Nurrl gene have been
identified, suggesting its direct function in neu-
rodegenerative disease [34]. Kim et al. indicat-
ed that Nurrl repressed the expression of TH
via SIRT1 in hNSCs [35]. Nurrl could also
induce midbrain DA neuron from expanded
NSCs in synergy with Ngn2 [36]. In this study,
we found that overexpression of Nurrl abrogat-
ed the effect of miR-145 overexpression on
NSCs differentiation induced by BMPs.

In conclusion, our study demonstrated the dif-
ferentiation of NSCs into DA neurons induced
by BMPs. In addition, miR-145 and Nurrl were
associated with the neurotrophic effects of
BMP2 on NSCs differentiation. Furthermore,
we found that BMP2 promoted the differentia-
tion of NSCs into DA neurons in vitro via miR-
145 upregulating the expression of Nurrl.
These findings provide potential novel thera-
peutic targets for the cell replacement therapy
of PD.
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