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Abstract 
Spinal cord injury (SCI) is a severe complication of acute spinal injury, it can lead to axonal dege-
neration and necrosis of neurons, causing damage cross section below the movement, then loss of 
sensory, reflex and autonomous control function below the damage section. Nowadays, there is 
increasing evidence that transplantation of neural stem cells can help to repair spinal cord injury 
after spinal cord injury. The aim of this study was to research the function of miR-31 expression in 
differentiation of neural stem cells. Mir-31 was transfected the mimics and inhibitor into neural 
stem cells. By the morphological observation, the cell over expression of miR-31 was closer to 
NSCs. With the RT-PCR, Hb9 and STMN1 were up-regulate when miR-31 was inhibited, and Nestin 
was down-regulate. When miR-31 was over expression, the expression of Nestin and Hb9 was 
up-regulate. These findings suggest that miR-31 may play a significant role in proliferation and 
differentiation of neural stem cell and are potential targets for therapeutic interventions following 
spinal cord injury. 
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1. Introduction 
There is a wide variety of reasons happened to spinal cord injury (SCI). The most common cause for spinal cord 
is incident trauma. The clinical treatment for SCI lacks effective and safe strategies which have become a severe 
socioeconomically issue. Recent researches have shown that nerve stem cells (NSCs) replacement is an effective 
strategy for the treatment of SCI. (Paul Lu et al., 2014; Suzuki SO et al., 2003) [1] [2]. How induce more NSCs 
to motor neuron cells (MNs) is the vital part. 

MicroRNAs are a novel class of short, 18 - 25 nucleotide-long non-coding small RNAs. It play an important 
regulatory role in gene expression by binding to the 3’untranslated region of target mRNAs transcripts for de-

 

 

*Corresponding author. 

http://www.scirp.org/journal/jbm
http://dx.doi.org/10.4236/jbm.2016.43010
http://dx.doi.org/10.4236/jbm.2016.43010
http://www.scirp.org


X. Li et al. 
 

 
58 

gradation or inhibiting protein translation to determine a serial of vital life process such as cell differentiation, 
tissue repair and embryonic development. Individual miRNA can be inhibited multiple target genes simulta-
neously to regulated complex physiological and pathological process. In recent years, a lot of studies have con-
firmed microRNA may be involved in the regulation of differentiation in NSCs. (Maged M harrza, 2014; Chao 
Shi Niu, 2013; Eyal Mor, 2013) [3]-[5]. Therefore, it is very important to study how microRNAs regulated rele-
vant signaling pathway to affect protein synthesis. Our previous study certify miR-31 is significant difference 
between NSCs and MNs which is highly expressed in NSCs and low expressed in MNs. (Hongen Wei, 2010) [6] 
It had been also reported to be an embryonic stem-specific microRNA. So we think that miR-31 may play an 
important role in maintaining NSCs in an undifferentiated state, but the concrete mechanism for miR-31 partici-
pate in is unclear. To directly address the role of miR-31 in neuronal development, miRNA Mimics and miRNA 
Mimics control are induced NSCs to observe the expression changes of those genes to analysis the signaling 
pathway of miR-31 regulated. 

2. Materials and Methods 
2.1. Animals 
Embryonic day 14 FVB mouse were used. This study was performed with permission of the local animal use 
and care committee in accordance with the applicable and governmental regulations. 

2.2. Isolation, Culture and Identification of NSCs 
Spinal cords obtained from E14 mouse were collected in sterile D-Hank’s balanced salt solution and imme-
diately processed for tissue culture. Spinal cords were mechanically separated from the surrounding connective 
tissue using sterile instruments under a dissecting microscope. Then discarded spinal meninges and triturated 
surplus ages by pipette to dissociate cells. Dispersed cells ere centrifuged at 1000 rpm for 10 min. the cells’ pel-
let was resuspended in KnockOut™ DMEM/F12 supplemented with StemPro® Neural Supplement, EGF and 
FGFb (Bibco) and was plated in 25 cm2 Cell Culture Flask, and incubated in a CO2 Incubator of 5% CO2 at 37˚C. 
The medium was changed for half dose every 3d. 

The cells were observed every day. When the clonal globes were formatted detected by immunofluorescence. 
Cells culture were fixed in cold 4% paraformaldehyde and washed 3 times with PBS at 25˚C. Immunocytoche-
mistry was carried out using standard protocols. Cell nuclei were counterstained with hochest 33342. The first 
antibodies was rabbit-anti-Nestin, 1:500. The second antibodies was goat-anti-rabbit IgG-FITC conjugate, 1:200. 
Nuclei were stained using Hochest 33258 via immunocytochemistry. 

2.3. Transfection 
To investigate the efficacy of RNAiMAX, the cells were seeded at 1 × 106 cells/well in 6 well plates, and after 
4h incubation at 37˚C to adhere to the glass glide, the cells were transfected with 30 pM siRNA. The transfec-
tion reagent was Lipofectamine RNAiMAX (Invitrogen) and Block-iTTM Alexa FluorR Red Lot No: 1477915 
(invitrogen) were used according to the manufacturers’ instructions. After 24 h, 48 h and 72 h incubation at 
37˚C the cells were observed by fluorescence microscope. 

Cells were seeded at a density of 1 × 106 cells/well in 6 well plates. After 4 h incubation at 37˚C, during 
which time the cells had adhered to the plastic, the cells were transfected with 30 pM siRNA. The transfection 
reagents were Lipofectamine® RNAiMAX, mmu-miR-31-5p mirVanaTM miRNA mimic, mirVanaTM miRNA 
mimic Negative Control, mmu-miR-31 Anti-miRTM miRNA inhibitor, Anti-miRTM Negative Control (Am-
bion). Operations were used according to the manufacturers’ instructions. After 72 h incubation at 37˚C the cells 
were used immunohistochemical method to detect ChAT expression in cells. 

2.4. Isolation of RNA for qRT-PCR 
After 72 h we isolated total RNA and analyzed by real-time PCR. Total RNA was extracted using the mirVana 
miRNA Isolation Kit (Ambion, Austin, TX, USA) according to the manufacturer’s protocol. The purified RNA 
was quantified by determining the absorbance at 260 nm using an UV spectrophotometer (Nanodrop, Thermo 
Scientific, USA). Total RNA (2 μg) was reverse transcribed into cDNA in a total volume of 15 μL using the 
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Reverse Transcriptase M-MLV(RNase H-) (Takara)according to the manufacturer’s protocol. Each miRNA 
cDNA (10 ng) was obtained using the TaqMan Micro RNA Reverse Transcription Kit (Applied Bio systems) 
with the miRNA being reverse transcribed from the target miRNA using TaqMan Micro RNA Assays. 

2.5. Quantification of miRNA Expression 
miRNA expression was measured using real-time RT-PCR on the Applied Biosystems 7300 Real-Time PCR 
System (Applied Biosystems). U6 (Assay ID: 001973, Applied Biosystems) was used for internal control. Real- 
time PCR assay for miR-31 (Assay ID: 000185, Applied Biosystems) was used according to the manufacturer’s 
instructions. Real-time conditions: 50˚C for 2 min, 95˚C for 10 min, 40 cycles of 95˚C for 15 sec, 60˚C for 1 
min on an Applied Biosystems 7300 thermocycler (Applied Biosystems). All samples were run in duplicates. 

In addition, real-time PCR analyses for Hb-9, Nestin and Stmn1were carried out using a SYBR Green PCR 
Kit (Invitrogen SYBR® Select Master Mix). All experiments were performed in duplicate. Copy numbers of 
cDNA for Hb-9, Nestin and Stmn1 were standardized to those of Rpl-19 for the same sample. Primer sequences 
for Hb-9 were as follows: 5’-CGAGACTCAGGTGAAGATTTGGT-3’ (forward) and 5’-CTGCTCTTTGG- 
CCTTTTTGC-3’ (reverse); and for Stmn1, 5’-AGAAGCCGATGTAGGACCGTATAG-3’ (forward) and 5’- 
TCCCCTTGAGCCCCTAAAA-3’(reverse); and for Nestin, 5’-GGTCACTGTCGCCGCTACTC-3’ (forward) 
and 5’-AAGCGGACGTGGAGCACTA-3’ (reverse); and for Rpl-19, 5’-ATCCGCAAGCCTGTGACTGT-3’ 
(forward) and 5’-TCGGGCCAGGGTGTTTTT-3’ (reverse). 

3. Result 
3.1. Isolation and Identification of NSCs 
After cultured 7 - 10 days, it can be observed number of neurospheres and volume was increased (Figure 1). 
Immunocytochemistry of Nestin display that the green fluorescence could be observed in spheres (Figure 2). 

3.2. Transfection of NSCs 
When transfection was succeed the positive cells was observed red fluorescence by fluorescence microscope. 
Five fields were randomly selected from slide to count positive cells and total cell numbers to calculate transfec-
tion efficiency. After 24 h, 48 h and 72 h, the transfection efficiency was 20% - 30%, 40% - 55% and 60% - 
75%, respectively (Figure 3(E)). 

After one day, the cells added differentiation solution were observed a large number of death. 
 

 
Figure 1. Observed under the light microscope, visible spherical neural stem 
cells, refraction and strong, clear boundaries. Scale bar = 50 μm. 
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Figure 2. The photos of neural stem cell identification. (A) Immunofluorescent staining indicated that Nestin was stained in 
the cytoplasm with a clear nuclear boundary. Scale bar = 100 μm. (B) Immunofluorescent staining of Hochest indicated that 
the blue areas were nucleus. Scale bar = 100 μm. 
 

 
Figure 3. The transfection efficiency of RNAiMAX. As we can see in the photo, this effect will last with the time going on. 
(A) and (B) The first day, only a few of cells transfected successfully. Scale bar = 50 μm. (C) and (D) The second day, more 
cells was transfected successfully. Scale bar = 50 μm. (E) and (F) At the third day the efficiency is the highest. Scale bar = 
100 μm. 

3.3. Expression of ChAT 
After miR-31 were induced to differentiate into NSCs, ChAT stain was employed. The red fluorescence was 
seen under fluorescent microscope was ChAT positive cells. Compared with each group, the inhibitor group can 
emit stronger fluorescence (Figure 4(B)), and the mimics group was significantly lower than inhibitor group 
(Figure 4(A)). 

3.4. Expression of miRNA and mRNA 
In Figure 5, RT-PCR assessment showed that expression of interference group was 0.006 and the interference 
control group was 0.181 higher than interference group; the highest is over-expression group, the expression was 
21.081 higher than the over-expression control group was 0.726. 
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Figure 4. ChAT immunocytochemical identification. (A) There was weak positive expression in the mimics group. (B) A 
strongly positive expression was shown in the inhibitor group. Scale bar = 100 μm. 
 

 
Figure 5. The results of induction efficiency. Compared with control group, the expression of miR-31 in mimics group was 
0.006, and the expression of miR-31 in inhibitor group was 21.081. 

 
As shown in the Figure 6, the expression of genes were different among groups. In interference group, hb9 

and stmn1 were up-regulated and Nestin was down-regulated. In over-expression group, Nestin, hb9 and stmn1 
were up-regulated. 

4. Discussion 
MicroRNAs play an important role in gene regulated, it binds to complementary sites specifically on the 
3’-untranslated regions of the target mRNAs to induce cleavage or repression of translation. In this way, miR-31 
regulated protein synthesis to impress protein functional expression. It can be participated in many signaling 
pathway to control the development process of the individual and the physiological and pathological process. 
There are many studies about miRNA already, but their specific roles in physiological process are exploring. 

Stem cell therapy is currently one of the promising approaches as many studies with a strong potential to 
promote functional recovery after SCI. It was being reported that transplantation therapy of stem cells has very 
big effect for spinal cord injury mouse. In our previous study, we found that injected NSCs from spinal to lesion 
location and it will promote the recovery, BBB score of treatment group obviously surpassed to the injury group. 
How to make more cells differentiated into neurons that had a positive effect on the functional outcome is the 
vital problem. Previous studies have shown that the level of miR-31 expression in NSCs was much higher than 
that in MNs. It also had been reported that miR-31 is an embryonic stem cell specific microRNA. So, miR-31 
may be play an important role in maintaining NSCs in an undifferentiated state. 
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Figure 6. The results of relative gene expression. 

 
So far, it is well accepted that quantity research of miR-31 related to cancer. Compared with normal tissues, 

miR-31 up-regulated at head and neck cancer (Wong et al, 2008) [7], colorectal cancer (motoyama et al, 2009; 
wang CJ et al, 2009) [8] [9], lung cancer (Liu X et al, 2010) [10] and so on; and down-regulated at breast cancer 
(Valastyan S et al, 2009) [11], prostatic cancer (Schaefer A et al, 2010) [12], gastric cancer (Guo J et al, 2009; 
Zhang Y et al, 2009) [13] [14]. Although there are a lot of research about miR-31, most of them are from the 
study of the process of disease. miRNA regulated signaling pathway to affect a series of protein in a biological 
processes. However, the effect that signaling pathways of miR-31 have yet to be fully defined. 

The NSCs from spinal cord is a kind of NSCs, but its homology is better than other NSCs. Cell fate decisions 
can be regulated, so we hope that by regulate the expression of miR-31 in the spinal cord make the NSCs proli-
feration instead of NSCs injection treatment after spinal cord injury. We picked Nestin as the biomarker of 
NSCs and high expression at motor neurons hb9 and Stmn1. The goal of the study is to detect the expression of 
Nestin, hb9 and stmn1 after NSCs transfected miR-31 mimics, then we analyzed to try to explain the function of 
miR-31 in regulating NSCs functions in vitro. 

Nestin is an intermediate filament protein, and it is expressed in dividing cells during the early stages of de-
velopment in the CNS and peripheral nervous system. Therefore, it is widely used as a neuronal stem cell mark-
er. It has been reported that the Nestin knockout mice were significantly smaller than their littermates, most of 
them will die at around 3 weeks after birth, and the survivor was sterile. Furthermore, a fraction of Nes-/-embryos 
already dead after E8.5 because neural tube defects.(Park D, 2010) [15] In our study, we found that the expres-
sion level of Nestin increased 2.72 times compared with control group after transfected miR-31 mimics, and it 
down-regulated 0.609 times when we transfected miR-31 inhibited. It illustrate that cells closer to stem cell state 
when miR-31 is overexpression. 

Stathmin 1 (STMN1) is a microtubule-depolymerizing molecule that possess the capacity to bind tubulin and 
interfere with microtubule dynamics. It can take part in the process of proliferation and differentiation of motor 
neurons. (Yamada K, 2010) [16]. Sylvie Ozon was proved that STMN1 also participate in development of cen-
tral nervous system. (Ozon S, 2002) [17] From this research we are aware that stmn1 was up-regulate 2.831 
times when we inhibited miR-31, and it demonstrate that NSCs will differentiate into motor neurons when 
miR-31 was inhibited. Mohamed proved that STMN1 is a potentially target gene, over expression of miR-31 in 
KF-TX cells will reduced STMN1 expression. But in our experiment, STMN1 was no significant changes when 
miR-31 was over expression. (Hassan MK, 2015) [18]. 

The homeobox gene Hb9 is expressed selectively by motor neurons in the developing vertebrate CNS. But in 
our study, its expressions all up-regulated weather we transfected mimics or inhibit. What gives rise to this situ-
ation change has been an outstanding issue. 

We herein investigated the role of miR-31 in the differentiation of NSCs. By controlling expression of 
miR-31, we found that it is consistent miR-31 maintaining NSCs in an undifferentiated state. Meantime, there 
are some different also. However, further studies are needed to explain the changes. Firstly, we will take western 
blot to test the protein level of related genes to determine the effect of miR-31. Secondly, we will detect the ex-
pression of other genes continually to study the signaling pathway of miR-31. The current studies of miRNAs 
signal pathways have also made some progress, a variety of signaling pathways are regulated by one miRNA. 
Therefore, we may use the mediating role of signaling pathways of miRNAs to guide cell differentiation, pro-
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vide a new reference for the treatment of diseases. 
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