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Abstract
In the adult mammalian brain, neural stem cells (NSCs) are the precursor cells of 
neurons that contribute to nervous system development, regeneration, and re-
pair. MicroRNAs (miRNAs) are small non- coding RNAs that regulate cell fate determina-
tion and differentiation by negatively regulating gene expression. Here, we identified 
a post- transcriptional mechanism, centred around miR- 130a- 3p that regulated NSC 
differentiation. Importantly, overexpressing miR- 130a- 3p promoted NSC differentia-
tion into neurons, whereas inhibiting miR- 130a- 3p function reduced the number of 
neurons. Then, the quantitative PCR, Western blot and dual- luciferase reporter as-
says showed that miR- 130a- 3p negatively regulated acyl- CoA synthetase long- chain 
family member 4 (Acsl4) expression. Additionally, inhibition of Acsl4 promoted NSC 
differentiation into neurons, whereas silencing miR- 130a- 3p partially suppressed the 
neuronal differentiation induced by inhibiting Acsl4. Furthermore, overexpressing 
miR- 130a- 3p or inhibiting Acsl4 increased the levels of p- AKT, p- GSK- 3β and PI3K. In 
conclusion, our results suggested that miR- 130a- 3p targeted Acsl4 to promote neu-
ronal differentiation of NSCs via regulating the Akt/PI3K pathway. These findings 
may help to develop strategies for stem cell- mediated treatment for central nervous 
system diseases.

K E Y W O R D S
Acsl4, Akt/PI3K signalling pathway, differentiation, MiR- 130a- 3p, neural stem cells

Wen Li and Bo- Quan Shan authors contributed equally to this work. 

www.wileyonlinelibrary.com/journal/jcmm
https://orcid.org/0000-0003-2402-6769
mailto:
mailto:
mailto:
http://creativecommons.org/licenses/by/4.0/
mailto:jguohua@ntu.edu.cn
mailto:qinjb@ntu.edu.cn


2718  |    LI et aL.

1  |  INTRODUC TION

Neurodegenerative diseases (NDs) are age- related conditions char-
acterized by the specific subsets of neurons functional deterioration 
and neuronal cell death, resulting in nervous system dysfunction.1,2 
Although there have been many studies on the causes and mech-
anisms of NDs, the treatments currently available remain limited. 
Neural stem cells (NSCs) are characterized by their ability to develop 
into different neural lineages, while maintaining self- renewal capac-
ity, and are crucial for development, regeneration and repair of the 
nervous system.3,4

MicroRNAs (miRNAs) are a class of well- conserved, small non- 
coding RNA (~22 nucleotides) molecules that have been shown to 
be negative regulators of gene expression at the post- transcriptional 
level.5,6 Currently, 70% of the known microRNAs have been reported 
to be expressed in the brain, where they participate in proliferation, 
neuronal development, synaptic plasticity and neuronal differenti-
ation.7- 9 For example, Chen et al.10 demonstrated that miR- 331- 3p 
and miR- 9- 5p, respectively, targeted Sqstm1 and Optn, regulating 
autophagic activity and amyloid plaque formation. Wang et al.11 re-
vealed that miR- 26a was upregulated in glioma, and enhanced prolif-
eration and angiogenesis of human brain microvascular endothelial 
cells by targeting PTEN.

Research showed that miR- 130a- 3p regulates the progression of 
many different malignancies. Tian et al.12 found that miR- 130a- 3p 
was significantly downregulated in oesophageal cancer cell lines, and 
was further suppressed during oesophageal cancer metastasis via 
SMAD4. Wang et al.13 observed that reduced malignant behaviours 
and temozolomide resistance in glioblastoma multiforme through 
downregulation of its target gene Sp1. Zhong et al.14 indicated that 
miR- 130a- 3p expression was suppressed in breast cancer, which was 
correlated with inhibited proliferation, migration and invasion by tar-
geting SATB1. Additionally, miR- 130a- 3p is also weakly expressed in 
diabetes, and upregulating miR- 130a- 3p ameliorated the senescence 
of renal tubular epithelial cells induced by high glucose levels.15 Yang 
et al.16 found that exosomal miR- 130a- 3p binding to SIRT7 mRNA 
promoted osteogenic differentiation of adipose- derived stem cells 
in a process that involved the Wnt/β- catenin pathway. A previous 
report of miR- 130a- 3p expression in the dorsal root ganglia suggests 
a mechanism that could indirectly control VEGFR- 2 expression in the 
peripheral nervous system.17

In this study, we identified that miR- 130a- 3p overexpression 
induced neuronal differentiation of NSCs, while miR- 130a- 3p 
knockdown inhibited the differentiation of NSCs. Furthermore, lu-
ciferase reporter assays demonstrated that acyl- CoA synthetase 
long- chain family member 4 (Acsl4) was a miR- 130a- 3p target gene. 
Downregulation of Acsl4 promoted the differentiation of NSCs, and 
neuronal differentiation was decreased by miR- 130a- 3p expression 
potentially through altered AKT/PI3K signalling pathway. These 
findings indicated that miR- 130a- 3p may play an important role in 
regulating NSC differentiation by targeting Acsl4. The results of our 
findings may provide novel insight for the development of stem cell- 
mediated treatment for NDs.

2  |  MATERIAL S AND METHODS

2.1  |  Animals

Pregnant Sprague- Dawley (SD) rats and adult SD rats (220– 250 g) 
were purchased from the Laboratory Animal Center of Nantong 
University (license No. SYXK (Su) 2017– 0046). All experimental pro-
tocols were approved by the Animal Ethics Committee of Nantong 
University. All efforts were made to minimize the number and suf-
fering of animals used in this study.

2.2  |  Cell culture

NSCs were prepared from embryonic day (E)15 Sprague- Dawley rat 
embryos as previously described.18 In total, 20 pregnant rats were 
used for this study. To isolate and culture NSCs, embryos were re-
moved by caesarean section, and the hippocampus was rapidly me-
chanically dissociated into a single- cell suspension. The single- cell 
suspension was maintained in flasks containing Dulbecco's modified 
Eagle's medium/F12 (1:1; Gibco, Grand Island, NY, USA) containing 
2% B27 (Gibco), epidermal growth factor (20 ng/mL; Sigma- Aldrich, 
St. Louis, MO, USA), and basic fibroblast growth factor (20 ng/mL; 
Sigma- Aldrich). Cells were incubated at 37°C and 5% CO2 in a humidi-
fied incubator. After 5 d, primary neurospheres were dissociated into 
single cells using trypsin (Gibco). For Nestin/Ki67 analysis, cell suspen-
sions were plated at a density of 1×105 cells/mL on poly- lysine- coated 
coverslips in 24- well plates (adherent condition) containing NSCs me-
dium. For NSC differentiation, cells were cultured in differentiation 
medium, which contained 2% foetal bovine serum (FBS, Gibco). Then, 
cells were plated at a density of 1 × 105 cells/mL in 24- well plates 
(adherent condition) or 5 × 105 cells/mL in 6- well plates.

2.3  |  Transfection

NSCs at 60%– 80% confluence were transiently transfected using 
Lipofectamine3000 (Invitrogen, Carlsbad, CA, USA) according to 
the manufacturer's instructions. miRNA compounds miR- 130a- 3p/ 
negative control (NC) mimics and miR- 130a- 3p/NC inhibitor) were 
purchased from RiboBio Co., Ltd. (Guangzhou, China). The small inter-
fering (si)- Acsl4, negative control siRNA, pcDNA3.1- Acsl4 plasmid, 
and negative control pcDNA3.1 vector plasmid were purchased from 
(Genechem, Shanghai, China). The Acsl4 plasmid was subcloned into 
the pcDNA3.1 vector to overexpress ACSL4. The following siRNA 
sequences were used: (sense) 5’- GCTCTGTCACGCACTTCGA- 3’ and 
(antisense) 3’- UCGAAGUGCGUGACAGAGC- 5’.

2.4  |  RNA isolation and quantitative real- time PCR

Total RNA from cells or tissues was extracted using TRIzol reagent 
(Vazyme Biotech, Nanjing, China). cDNA was synthesized with 1 μg 
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total RNA using the HiScriptII Reverse Kit (Vazyme Biotech) accord-
ing to the manufacturer's instructions. The AceQ real- time quantita-
tive polymerase chain reaction Kit (Vazyme Biotech) was used for 
real- time quantitative RT- qPCR assays. Relative mRNA expression 
levels were normalized to the level of Gapdh. The primer sets used 
in this study are listed in Table S1.

2.5  |  Flow cytometry

The proliferation of cells was measured by a Cell- Light 
5- ethynyl- 2 -́ deoxyuridine (EdU) Apollo567 In Vitro Kit (Ribobio) 
was used following the manufacturer's protocols, as previously 
reported (Zheng et al., 2019).19 Briefly, the cells were exposed 
to 50 μM EdU medium for 2 hours, and then were washed and 
fixed with 4% paraformaldehyde for 30 minutes. Following wash-
ing with PBS, the cells were permeabilized and blocked with PBS 
containing 0.5% Triton X- 100 for 10 minutes. After washing the 
cells with PBS, the cells were centrifuged and resuspended in 500 
µL of PBS.

For cell cycle analysis, cells were harvested and fixed in ice- cold 
75% ethanol at 4°C overnight. Following washing with PBS, the 
cells were stained with propidium iodide/RNase Staining Buffer 
(0.5mL/1 × 106 cells) and incubate for 15min at room temperature 
(BD Biosciences, San Diego, CA, USA).

For cell differentiation assays, cells were trypsinized and col-
lected, washed twice with ice- cold phosphate- buffered saline 
(PBS), and fixed in 1× Fix/Perm Buffer at 4°C for 50 min. After 
washed with 1× Perm/Wash Buffer twice, the samples were incu-
bated with APC- conjugated anti- Tuj1 antibody, APC- conjugated 
anti- GFAP antibody or APC- conjugated IgG2A Control (5μL/
test) (BD Biosciences) (Figure S2) at 4°C for 2 h. After washing 
the cells with 1× Perm/Wash Buffer twice, the cells were centri-
fuged and resuspended in 350 µL of flow cytometry stain buffer. 
Stained cells were assessed using a FACSCalibur Instrument (BD 
Biosciences).

2.6  |  Immunofluorescence

Cells were fixed with 4% paraformaldehyde for 15 minutes, washed 
twice with PBS, and then blocked with 0.3% Triton X- 100 containing 
10% goat serum for 2 h. After incubation with primary antibodies at 
4°C overnight, samples were incubated with the appropriate Alexa 
Fluor 488 or 594 conjugated secondary antibodies (Invitrogen) for 
2 h at room temperature. Nuclei were counterstained with Hoechst 
33342 (Sigma- Aldrich; 1:1,000). Primary antibodies included mouse 
anti- Nestin (Millipore, Billerica, MA, USA; 1:200), rabbit anti- Ki67 
(Abcam, Cambridge, MA, USA; 1:200), mouse anti- MAP2 (Millipore; 
1:1000), rabbit anti- GFAP (Millipore; 1:1000), rabbit anti- ChAT 
(Millipore; 1:1000) and mouse anti- Cnp (Millipore; 1:200). Images 
of stained cells were captured using an EVOS FL Auto (Invitrogen) 
microscope, and results are expressed as percentages.

2.7  |  Western blot

Total protein was extracted with cell lysis buffer (Solarbio, Beijing, 
China). Proteins were separated by 10% SDS- PAGE and then trans-
ferred to nitrocellulose membranes (Millipore). The membranes were 
blocked with 5% non- fat milk (Sangon Biotech, Shanghai, China) for 
2 h, then incubated with primary antibodies overnight at 4°C, and 
finally incubated with HRP- conjugated secondary antibodies for 2 h 
at room temperature. Next, immunoreactive bands were detected 
using an enhanced chemiluminescence kit (Bio- Rad, Hercules, CA, 
USA). β- Actin was used as a loading control. The primary antibod-
ies included mouse anti- MAP2 (Millipore; 1:1000), mouse anti- Tuj1 
(Millipore; 1:1000), rabbit anti- GFAP (Millipore, 1:1000), rabbit anti- 
Acsl4 (Abcam; 1:1000), rabbit anti- Akt (Cell Signaling Technology, 
Danvers, MA, USA; 1:1000), rabbit anti- phospho- Akt (Cell Signaling 
Technology; 1:1,000), rabbit anti- PI3K (Abcam; 1:1000) and mouse 
anti- β- actin (Abcam; 1:1000).

2.8  |  Dual- luciferase reporter assay

The pMIR- target 3ʹUTR- luciferase, pMIR- target 3ʹUTR mut- 
luciferase, and Renilla pRL- SV40 control vector were synthesized 
by Genechem Company (Shanghai, China). Then, 293T cells were 
transfected with the pMIR- target 3ʹUTR- luciferase, pMIR- target 3 -́ 
UTR mut- luciferase, Renilla pRL- SV40 control vector, miR- 130a- 3p 
mimics or miRNA negative control using Lipofectamine 3000 
(Invitrogen). The relative luciferase activities were analysed using 
the dual- luciferase assay (Promega, Madison, WI, USA) 72 h after 
transfection, which was computed by the ratio of firefly luciferase 
activity to Renilla.

2.9  |  Statistical analysis

All results are displayed as the mean ± SEM using data from at least 
three separate experiments. GraphPad Prism 6 (GraphPad Software, 
San Diego, CA, USA) was used to analyse the results. Differences 
between corresponding groups were evaluated using a two- tailed 
Student's t- test or one- way analysis of variance followed by Tukey's 
post hoc test. p < 0.05 was considered to represent statistically sig-
nificant differences.

3  |  RESULTS

3.1  |  Effect of miR- 130a- 3p on NSCs proliferation

The P1 neurospheres were pictured, and the purity of NSCs was 
verified by immunofluorescence staining of Nestin, a NSCs marker. 
To confirm the multilineage differentiation potency, cells were in-
cubated with antibodies against MAP2, GFAP and Cnp on the 7th 
day after NSC differentiation (Figure 1A), which were markers of 
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neuron, astrocyte and oligodendrocyte, respectively. To determine 
the effects of miR- 130a- 3p on the proliferation of NSCs, we trans-
fected vector controls and miRNA into NSCs. We found that the 
expression level of miR- 130a- 3p was significantly upregulated after 
overexpression of miR- 130a- 3p. However, after inhibition of miR- 
130a- 3p, the expression of miR- 130a- 3p was significantly down-
regulated (Figure 1B). EdU incorporation assays demonstrated that 
neither overexpression of miR- 130a- 3p or inhibition of miR- 130a- 3p 
altered the number of EdU positive cells (Figure 1C). Consistent with 
these results, miR- 130a- 3p had no effect on cell cycle progression 

(Figure 1D). Immunofluorescence staining of Ki67 also showed that 
miR- 130a- 3p had no effect on the proliferation of NSCs (Figure 1E).

3.2  |  miR- 130a- 3p promoted neuronal 
differentiation of NSCs

We extracted RNA from Telencephalon, cerebellum, brain stem and hip-
pocampus, heart, liver, pancreas and muscle of adult SD rats, and then 
carried on RT- qPCR analysis. As shown in Figure 2A, miR- 130a- 3p was 

F I G U R E  1  Effects of miR- 130a- 3p on NSC proliferation. (A) To identify NSCs, the expression of Nestin, MAP2, GFAP, and Cnp were 
detected by Immunofluorescence staining. Scale bars: 100 μm. (B) To study the effect of miR- 130a- 3p on NSCs, they were transfected with 
miR- 130a- 3p/NC mimics and miR- 130a- 3p/NC inhibitor for 24 h. RT- qPCR analysis was performed, and normalization to the levels of U6. 
The results are described as the mean ±SEM at least three separate experiments. **p < 0.01, vs. indicated group. (two- tailed paired Student's 
t- test). The proliferation of NSCs transfected with miR- 130a- 3p/NC mimics and miR- 130a- 3p/NC inhibitor for 24 h, as detected by EdU 
assay (C), flow cytometry assay (D) and Immunofluorescence staining (E). Scale bars: 100 μm. The results are described as the mean ± SEM 
at least three separate experiments
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expressed significantly higher in nervous tissues compared with other 
tissues. To determine the effects of miR- 130a- 3p on NSC differentia-
tion into neurons, the dose- dependent was detected 24 h after cell 
transfection. The time- dependent effect of miR- 130a- 3p was detected 
24 h, 48 h and 72 h after cell transfection by RT- qPCR assays. The RT- 
qPCR results showed that miR- 130a- 3p significantly increased Map2, 
Tuj1, Neurod1 and Neun expression (Figure S1). Similarly, miR- 130a- 3p 
overexpression remarkably increased MAP2 and Tuj1 levels compared 
with the NC group, while that inhibition of miR- 130a- 3p suppressed 
MAP2 and Tuj1 expression 7 d after cell transfection. Moreover, there 
were no changes in GFAP expression (Figure 2B). Flow cytometry and 
immunofluorescence showed that the percentage of neurons was no-
tably increased in the miR- 130a- 3p group compared with NC group. In 
contrast, the percentage of neurons was decreased when miR- 130a- 3p 
was inhibited. In addition, there were no changes in the number of as-
trocytes (Figure 2C,D). To explore whether miR- 130a- 3p could induce 
NSCs to differentiate into specific neurons, the expression of ChAT, an 
acetylcholine- synthesizing enzyme was detected 7 d after cell transfec-
tion. ChAT is responsible for synthesizing ACh, which plays a crucial 
role learning and memory function.20 Immunofluorescence staining of 
MAP2 and ChAT differentiated cells indicated that there were more 
MAP2 and ChAT double positive cells in miR- 130a- 3p group, while less 
in miR- 130a- 3p- in group (Figure 2E). Our results revealed that miR- 
130a- 3p facilitated differentiation of NSCs into neurons.

3.3  |  miR- 130a- 3p regulated Acsl4 expression 
in NSCs

To explore the molecular mechanisms of miR- 130a- 3p, bioinformatic 
databases including TargetScan7.2, miRDB and miRWalk2.0 were 
used to screen possible binding sites of miR- 130a- 3p (Figure 3A,B). 
The 67 predicted target genes were further analysed in the DAVID 
6.7, and Gene Ontology (GO) databases, which showed that Emx2, 
Kdm2a, Atp2b2 and Acsl4 were enriched during neuron differentia-
tion (Figure 3C). The TargetScan7.2 website showed that the context 
score percentile of Emx2, Atp2b2 and Acsl4 were >90 (Figure 3D). 
Using RT- qPCR and Western blot, we found that Acsl4 mRNA lev-
els were significantly downregulated after miR- 130a- 3p overex-
pression, whereas that inhibition of miR- 130a- 3p increased Acsl4 
expression in NSCs (Figure 3E,F). Next, dual- reporter assays were 
performed to determine whether Acsl4 was a direct target of miR- 
130a- 3p. These results showed that miR- 130a- 3p mimic significantly 
inhibited luciferase expression (Figure 3G).

3.4  |  miR- 130a- 3p regulated NSC differentiation by 
targeting Acsl4

To further confirm the role of Acsl4 in NSC proliferation and differen-
tiation, we transfected Acsl4 siRNA or overexpression plasmid. The 
inhibition and overexpression of Acsl4 were verified by RT- qPCR and 
Western blot (Figure S3). As shown in Figure S4, Acsl4 had no effect 

on cell proliferation. The RT- qPCR results showed that Acsl4 siRNA 
significantly increased Map2, Tuj1, Neurod1 and Neun expression, 
whereas that Acsl4 overexpression significantly decreased their ex-
pression (Figure 4A). Western blot demonstrated that Acsl4 siRNA 
specifically increased the expression of MAP2 and Tuj1, whereas 
silencing miR- 130a- 3p partially suppressed the expression of these 
markers. Notably, GFAP expression showed no changes (Figure 4B). 
Flow cytometry and immunofluorescence showed that the percent-
age of neurons was notably increased in the si- Acsl4 group compared 
with the si- Ctrl group. In contrast, the percentage of neurons was 
partially decreased after miR- 130a- 3p downexpression. Similarly, 
Acsl4 overexpression remarkably decreased the percentage of neu-
rons, while neurons were partially increased after overexpression 
of miR- 130a- 3p. Finally, there were no changes in the number of 
astrocytes (Figure 4C,D). Immunofluorescence staining of MAP2 
and ChAT differentiated cells indicated that there were more MAP2 
and ChAT double positive cells in si- Acsl4 group, whereas that Acsl4 
overexpression significantly decreased their expression (Figure 4E). 
Our results revealed that miR- 130a- 3p regulated differentiation of 
NSCs by targeting Acsl4.

3.5  |  miR- 130a- 3p affected the Akt/PI3K 
Signalling pathway

Based on previous report that PI3K play an important role in cell 
growth, survival, differentiation, and metabolism.21 Akt, as the main 
molecule downstream of PI3K,

is a key molecule in growth factor signalling pathways, which reg-
ulates neural development.22 After the addition of pharmacological 
inhibitors of kinases (GSK690693, AKT; Wortmanin, PI3K), we found 
that the level of Acsl4 were significantly downregulated, but were 
increased in NSCs silencing miR- 130a- 3p or overexpressing Acsl4 
(Figure 5A). To investigate the regulatory activity of miR- 130a- 3p on 
the Akt/PI3K signalling pathway, Akt, p- Akt, and PI3K levels were de-
termined by Western blot (Figure 5B). These results confirmed that 
the p- Akt: Akt ratio was specifically increased in cells overexpressing 
miR- 130a- 3p or cells in which Acsl4 had been silenced. In contrast, 
Akt ratio was specifically decreased in cells overexpressing Acsl4. 
Moreover, silencing miR- 130a- 3p partially suppressed the increased 
p- Akt, or overexpressing miR- 130a- 3p partially restored the p- Akt. 
Consistent with these results, the PI3K levels were increased in cells 
overexpressing miR- 130a- 3p or in which Acsl4 had been silenced. The 
PI3K levels were decreased in cells overexpressing Acsl4; additionally, 
miR- 130a- 3p partially suppressed these changes. These results sug-
gested that miR- 130a- 3p regulated Akt/PI3K signalling pathway.

4  |  DISCUSSION

NSCs are self- renewing, multipotent progenitors that can differ-
entiate into neurons, astrocytes and oligodendrocytes.23 A fun-
damental understanding of NSC fate determination during neural 
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development will help us to effectively utilize stem cell- based thera-
pies for neurological diseases. Numerous studies have shown that 
a kind of small non- coding RNAs, called miRNAs can precisely 

regulate the post- transcriptional expression of target genes and 
play an important role in NSC activation, proliferation, differentia-
tion and apoptosis.24,25 By exploring interactions between miRNAs 

F I G U R E  2  Effects of miR- 130a- 3p on NSC differentiation. (A) miR- 130a- 3p expression in different tissues of adult SD rat was 
analysed performing qRT- PCR using Gapdh as endogenous control. The results are described as the mean ± SEM at least three separate 
experiments. NSCs were transfected with miR- 130a- 3p/NC mimics and miR- 130a- 3p/NC inhibitor for 7d. (B) Western blot was performed 
to detect the expression of the differentiation markers, MAP2, Tuj1 and GFAP. (C) The percentage of Tuj1 and GFAP positive cells were 
detected by flow cytometry assay. (D) Immunofluorescence analysis of MAP2(green) and GFAP (red) positive cells. Scale bars: 100 μm. 
(E) Immunofluorescence analysis of MAP2(green) and ChAT (red) positive cells. Scale bars: 100 μm. The results are described as the 
mean ± SEM at least three separate experiments. *p < 0.05, **p < 0.01 vs. indicated group. (two- tailed paired Student's t- test)
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and the gene regulatory networks that control neurogenesis, we can 
better understand miRNA- based regulation, which can eventually be 
exploited to facilitate treatments for NDs. In our study, we added 
new evidence for the crucial role of miR- 130a- 3p during neurogen-
esis. Our results indicated that upregulated miR- 130a- 3p expression 
promoted NSCs neuronal differentiation of NSCs, but had no effect 
on proliferation. Thus, we speculate that miR- 130a- 3p may play an 
important role in NSCs differentiation.

GO analysis of the 67 predicted target genes of miR- 130a- 3p re-
vealed that Acsl4 was enriched during neuronal differentiation. Acsl4 
is a member of the acyl- CoA synthetases (ACS) family that has been 
identified as the main isozyme required for polyunsaturated fatty 
acid metabolism.26,27 Previous studies have reported that Acsl4 may 
play roles in intracellular lipid storage,28 cholesterol transport,29 

arachidonic acid metabolism.30 Recent studies have indicated that 
Acsl4 is downregulated in glioma, where it has anti- proliferative ef-
fects.31 Yu et al.27 found that forced Acsl4 overexpression promoted 
neuronal death, whereas knockdown of Acsl4 had neuroprotective 
and anti- inflammatory effects. Jia et al.32 found that Acsl4 mutants 
reduced neuroblast proliferation in Drosophila. Furthermore, RNA- 
seq analysis revealed that cell cycle- related genes were downreg-
ulated and neuronal differentiation genes were upregulated. In this 
study, we demonstrated that knockdown Acsl4 promoted the neuro-
nal differentiation of NSCs, whereas silencing miR- 130a- 3p partially 
suppressed these effects.

miR- 130a- 3p promoted the neuronal differentiation of NSCs, 
and that this process was dependent on AKT/PI3K signalling path-
way. Accumulating evidence has shown that the AKT/PI3K signalling 

F I G U R E  3  miR- 130a- 3p targets Acsl4 in NSCs. (A) Predicted target genes of the miR- 130a- 3p detected by bioinformatic analysis. (B) 
Network of miR- 130a- 3p and their 67 predicted target genes. Diamond nodes represented miR- 130a- 3p and ellipse nodes represented 
target genes. (C) Gene Ontology analysis of predicted target genes. (D) Predict the results of target genes through the TargetScan7.2 
website. (E) NSCs were transfected with miR- 130a- 3p/NC mimics and miR- 130a- 3p/NC inhibitor for 24 h. The mRNA expression of 
Emx2, Atp2b2 and Acsl4 was measured by RT- qPCR, and normalization to the levels of Gapdh. (F) The protein expression of Acsl4 was 
measured by western blot analyses. (G) Diagram of the potential associating site in the 3 -́ UTR region of Acsl4 with miR- 130a- 3p. Cells were 
harvested after 72 h and the dual- luciferase reporter assay system was used to measure luminous intensity. The results are described as the 
mean ± SEM at least three separate experiments. *p < 0.05, **p < 0.01, ***p < 0.001 vs. indicated group. (two- tailed paired Student's t- test)
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pathway controls NSC self- renewal and differentiation.33 Moreover, it 
has been confirmed that miR- 130a exerted neuroprotective effects 
through PI3K/AKT pathway.19 However, there were still some limita-
tions to this work. First, the upstream regulatory mechanism that con-
trols miR- 130a- 3p requires further investigation. Second, each miRNA 
can recognize and inhibit hundreds of mRNA targets, and increasing or 
decreasing of their expression may eventually lead to a comprehensive 
change. Therefore, it is unclear whether other target genes are also 
involved in the regulatory mechanism of miR- 103- 3p in NSCs.

In conclusion, we provided evidence that miR- 130a- 3p regu-
lated the differentiation of NSCs without altering cell proliferation. 
Mechanistically, miR- 130a- 3p promoted the differentiation of NSCs 
into neurons by targeting Acsl4, and activating PI3K/AKT signalling 
pathway.
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F I G U R E  4  miR- 130a- 3p regulates differentiation of NSCs by targeting Acsl4. To study the effect of miR- 130a- 3p- Acsl4 on NSCs, they 
were transfected with Acsl4 siRNA and overexpression plasmid, or miR- 130a- 3p/NC mimics and miR- 130a- 3p/NC inhibitor for 7d. si- Ctrl: 
blank siRNA control group. si- Acsl4: Acsl4 siRNA group. si- Acsl4+miR- 130a- 3p- in: Acsl4 siRNA +miR- 130a- 3p inhibitor– treated group. Ctrl: 
blank plasmid control group. Acsl4: Acsl4 overexpression plasmid- treated group. Acsl4+miR- 130a- 3p: Acsl4 overexpression plasmid + miR- 
130a- 3p mimic- treated group. (A) The expression of the neuronal markers, Map2, Tuj1, Neurod1 and Neun, in NSCs were detected by 
RT- qPCR, and using Gapdh as endogenous control. (B) Western blot was performed to detect the expression of the differentiation 
markers, MAP2, Tuj1 and GFAP, in NSCs. (C) The percentage of Tuj1 and GFAP positive cells detected by flow cytometry assay. (D) 
Immunofluorescence analysis of MAP2(green) and GFAP (red) positive cells. Scale bars: 100 μm. (E) Immunofluorescence analysis of MAP2 
(green) and ChAT (red) positive cells. Scale bars: 100 μm. The results are described as the mean ±SEM at least three separate experiments. *p 
< 0.05, **p < 0.01, ***p < 0.001 vs. indicated group. (one- way analysis of variance followed by Tukey's post hoc test)

F I G U R E  5  miR- 130a- 3p leads to enhanced Akt/PI3K Signalling pathway. To study the effect of miR- 130a- 3p- Acsl4 on Akt/PI3K Signalling 
pathway in NSCs, they were transfected with Acsl4 siRNA and overexpression plasmid, or miR- 130a- 3p/NC mimics and miR- 130a- 3p/
NC inhibitor for 7d. NC: blank control group. GSK690693: inhibitors of AKT kinases. GSK690693+miR- 130a- 3p- in: inhibitors of AKT 
kinases+miR- 130a- 3p inhibitor– treated group. GSK690693+Acsl4: inhibitors of AKT kinases+Acsl4 overexpression plasmid- treated group. 
Wortmanin: inhibitors of PI3K kinases. Wortmanin+miR- 130a- 3p- in: inhibitors of PI3K kinases+miR- 130a- 3p inhibitor– treated group. 
Wortmanin+Acsl4: inhibitors of PI3K kinases+Acsl4 overexpression plasmid- treated group. (A) Western blot was performed to detect 
p- Akt and PI3K. NC: blank control group. miR- 130a- 3p: miR- 130a- 3p mimic– treated group. si- Acsl4: Acsl4 siRNA group. si- Acsl4+miR- 130a- 
3p- in: Acsl4 siRNA +miR- 130a- 3p inhibitor– treated group. Acsl4: Acsl4 overexpression plasmid- treated group. Acsl4+miR- 130a- 3p: Acsl4 
overexpression plasmid+miR- 130a- 3p mimic- treated group. After total protein extraction, Akt, p- Akt, and PI3K level expression were 
analysed using Western blot with β- actin as endogenous control. (B) Western blot was performed to detect p- Akt/Akt and PI3K expression. 
The results are described as the mean ± SEM at least three separate experiments. *p < 0.05, **p < 0.01, ***p < 0.001 vs. indicated group. 
(one- way analysis of variance followed by Tukey's post hoc test)
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