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Abstract
Background/Aims: MiRNAs are involved in phenotype modulation of neural cells after 
peripheral nerve injury. However, the roles of miRNAs on the survival of dorsal root ganglion 
(DRG) neurons have not yet been fully understood. Methods: In this study, the expression of 
miR-142-3p was measured in rat DRGs (L4-L6) during the initial 24 hours post sciatic nerve 
transection by microarray profiling and quantitative PCR. The functional assays including the 
cell viability, colony formation, cell cycle and apoptosis assays were performed in miR-142-3p 
mimic or inhibitor transfected cell lines. Results: MiR-142-3p was identified to be siginificantly 
upregulated in rat DRGs (L4-L6) during the initial 24 hours post sciatic nerve transection. MiR-
142-3p mimic enhanced cell viability by promoting cell cycle and inhibiting cell apoptosis in 
cultured DRG neurons. In addition, cyclin-dependent kinase inhibitor 1B (CDKN1B, also known 
as p27/Kip1) and tissue inhibitor of metalloproteinase 3 (TIMP3) were identified as targets of 
miR-142-3p. Furthermore, knockdown of CDKN1B or TIMP3 by specific siRNAs could reverse 
the effect of miR-142-3p. Conclusions: In the conclusion, the results showed that miR-142-3p 
could promote neuronal cell cycle and inhibit apoptosis at least partially through suppressing 
CDKN1B and TIMP3 after peripheral nerve injury.
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Introduction

The injured neurons in the peripheral nervous system (PNS), unlike those in the central 
nervous system (CNS), are able to spontaneously regenerate [1]. After peripheral nerve injury, 
sensory neurons in dorsal root ganglia (DRGs) are likely to die primarily through apoptosis. 
The proportion of neuronal death is about 10-30% in different injury models and within 
different timeframes [2-5]. Although the intrinsically secreted neurotrophic factors, such as 
nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), ciliary neurotrophic 
factor (CNTF), neurotrophin- 3 (NT-3) and neurotrophin-4 (NT-4), can enhance the survival 
of injured neurons [5, 6], more factors and molecular mechanisms responsible for peripheral 
neuronal survival are still to be explored.

microRNAs (miRNAs) are a novel class of endogenous, 20-23 nucleotides, small non-
coding RNAs and serve as post-transcriptional regulators of gene expression [7]. They 
regulate gene expression by binding to the 3’-untranslated region (3’-UTR) of target 
mRNAs, resulting in translational repression or degradation of target mRNAs. miRNAs are 
involved in a wide variety of cellular processes, including development, proliferation and 
differentiation [8, 9]. A number of miRNAs have been found in the mammalian CNS and PNS, 
including the brain, spinal cord and dorsal root ganglion (DRG), where they are involved 
in neurodevelopment and neurological diseases [10, 11]. Several recent studies suggest 
that miRNAs can critically regulate SC gene expression that is required for myelination and 
maintenance of axons via axon-glia interactions [12-14]. To date, however, few reports are 
available on early influences of miRNAs on SCs after peripheral nerve injury.

Here, we identified the upregulation of miR-142-3p following rat sciatic nerve injury. 
We also showed functional binding of miR-142-3p to the 3’-UTR of cyclin-dependent kinase 
inhibitor 1B (CDKN1B, also as p27Kip1) and tissue inhibitor of metalloproteinase 3 (TIMP3). 
These two target genes have been shown to be nerve regeneration-associated molecules 
[15-17], the present results suggest that injury-induced upregulation of miR-142-3p can 
regulate the expression of Cdkn1B and TIMP3 for appropriate nerve regeneration.

Materials and Methods

Animals and DRG neuron cell culture
In total, sixty two adult male Sprague-Dawley (SD) rats (180–220g) were subjected to surgical 

transection of the sciatic nerve in the thigh as described previously [18]. In brief, the rats were anaesthetized 
with pentobarbital  via intraperitoneal injection, the sciatic nerve was exposed and lifted through an incision 
on the left lateral thigh. A 1 cm long sciatic nerve segment was resected at the site just proximal to the 
division of tibial and common peroneal nerves, and the incision sites were then closed. To minimize the 
discomfort and possible painful mechanical stimulation, the rats were housed in large cages with sawdust 
bedding after surgery. The L4-6 DRGs were harvested from animals at 0, 12, 24, and 48 hours post sciatic 
nerve injury, respectively. All animal experiments were performed in accordance with the Guidelines of the 
Jiangsu Normal University regarding the care and use of animals for experimental procedures.

DRG neurons were dissociated and cultured as described previously [19]. Briefly, the L4-L6 DRGs were 
removed from the adult SD rats, and transferred to Ca2+/Mg2+-free HibernateA(BrainBits®, Springfield, IL), 
where the axon roots and dural tissue were manually removed. The DRGs were then transferred to 0.1% 
collagenase type I (Sigma, StLouis, MO). Following 90 min incubation at 37◦C, the DRGs were dissociated 
in 0.25% trypsin (Invitrogen, Carlsbad, CA) for an additional 15 min at 37◦C, and mechanically triturated 
through a pipette into the single cell suspension. To remove Schwann cells, a partial purification step was 
performed by centrifugation at 900 rpm for 10 min on 15% BSA in PBS solution. The obtained DRG neurons 
were cultured on the coated plates in Neurobasal-A and B-27(Invitrogen) supplemented with penicillin and 
streptomycin (Invitrogen).
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miRNA microarray
The total RNA was extracted with a mirVanaTM miRNA Isolation Kit (Ambion, TX, USA) according 

to the manufacturer’s instructions. The purified RNA was quantified by determining the absorbance at 
260nm with a Nanodrop ND-1000 spectrophotometer (Infinigen Biotechnology Inc., CA, USA). A miRNA 
microarray (Agilent Technology), containing probes for the complete Sanger miRBase 10.0, was used to 
screen RNA samples of different groups. The labeling and hybridization were performed by the Shanghai 
Biochip Company (Shanghai, China) according to the protocols in the Agilent miRNA microarray system. 
Agilent Scan Control software was used for scanning the microarray slides, and Agilent Feature Extraction 
software version 9.5.3 was used for image analysis. Microarray data were analyzed using GeneSpring GX 
v11.0 software (Agilent Technology).

Quantitative RT-PCR
Total RNA was extracted using the mirVana miRNA isolation kit (Ambion, Austin, TX, USA) according to 

the manufacturers’ protocol. For miRNA measure, the TaqMan microRNA reverse transcription kit (Applied 
Biosystems, CA, USA), specific TaqMan microRNA Assays for miR-142-3p (Applied Biosystems) and TaqMan 
Universal PCR master mix (Applied Biosystems) were used for quantitative analyses. U6 was used as the 
endogenous control for miRNA expression analysis. For mRNA measure, total RNA was converted to cDNA 
with ReverTra Ace qPCR RT Master Mix (Toyobo, Osaka, Japan). The quantitative PCR procedures were 
carried out according to the manufacturer’s protocol, and real-time PCR master mix (Toyobo) and specific 
TaqMan Gene Expression Assays for GAPDH, CDKN1B and TIMP3 (Applied Biosystems) were used. Relative 
mRNA levels were normalized to endogenous GAPDH mRNA expression for each sample. The ABI 7900HT 
system (Applied Biosystems) was used for amplification and detection. Relative quantification analysis was 
performed using the comparative threshold cycle (CT) method (2-ΔΔCT).

Luciferase assay
Chemically synthesized miR-142-5p mimics and the scramble negative controls (NC) were purchased 

from RiboBio (Guangzhou, China). The fragments of 3’-UTR of rat CDKN1B (NM_031762.3) and TIMP3 
(NM_012886.2) containing the putative miR-142-3p binding sequences was amplified with the primers 
CDKN1B: 5’-acagctccgaattaagaataattc-3’(forward) and 5’-atcttttgaagataaataagttag-3’(reverse) or TIMP3: 
5’-acccagacctgtcccacctcacc-3’(forward) and 5’-cacagtgtacacacgacagcctac-3’(reverse). The PCR products was 
cloned into firefly luciferase reporter vector pGL3 (Promega Corporation), termed as pGL3-CDKN1B-3’UTR 
and pGL3-TIMP3-3’UTR. The plasmids, which carried the mutated sequence in the complementary sites for 
the seed region of miR-142-3p (Fig. 4A) were generated based on pGL3-CDKN1B-3’UTR and pGL3-TIMP3-
3’UTR plasmid by MutanBEST Kit (Takara Bio), termed as pGL3-CDKN1B -3’UTR mut and pGL3- TIMP3-
3’UTR mut. The point mutations along the miR-142-3p seed binding sites were confirmed by sequencing 
analysis.

To assess the influence of putative miR-142-3p binding site on luciferase expression, HEK 293T 
cells were co-transfected with 200ng recombinant plasmids and 50nM miR-142-3p mimic or NC using 
FuGene HD. The pRL-TK (Promega Corporation) was also transfected as a normalization control. 48h after 
transfection, luciferase activity was analyzed using the Dual-Luciferase Reporter Assay System (Promega 
Corporation) and recorded by multi-plate reader (Synergy 2; BioTek).

Cell viability and colony formation assay
Twenty four hours after transfection, 1000 transfected cells were placed in a fresh 96-well plate in 

triplicate and maintained in DMEM containing 10% FBS for 5 days. Cells were tested for proliferation per 
24 hours using Cell Titer-Blue cell viability assay (Promega Corporation, Madison, WI, USA) according to 
the manufacturer's instructions and the fluorescence value was recorded by multi-plate reader (Synergy 2, 
BioTek, Winooski, VT, USA).

Twenty four hours after transfection, 2000 transfected cells were placed in a fresh 6-well plate in 
triplicate and maintained in DMEM containing 10% FBS for 2 weeks. Cell colonies were fixed with 20% 
methanol and stained with 0.1% coomassie brilliant blue R250 at room temperature for 15 min. The 
colonies were counted by ELIspot Bioreader 5000 (BIO-SYS, Karben, GE).
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Cell cycle and cell apoptosis assay
Forty eight hours after transfection, 1×105 transfected cells were harvested, washed once in phosphate 

buffer saline (PBS), and fixed in 70% ethanol at 4°C overnight. Staining for DNA content was performed with 
50mg/mL propidium iodide and 1mg/mL RNase A at room temperature for 30 minutes. Populations in G0-
G1, S, and G2-M phase were measured by Cell Lab Quanta SC flow cytometry (Beckman Coulter, Fullerton, 
CA, USA) and the data were analyzed by FlowJo v7.6 Software. For apoptosis assay, PBS washed cells were 
incubated with FITC-Annexin V (Promega Corporation) for 15 minutes at 4°C in the dark, according to the 
manufacturer’s instructions. After staining, the cells 
were incubated with propidium iodide for 5 minutes at 
4°C in the dark and then analyzed by Cell Lab Quanta SC 
flow cytometry and the data were analyzed by FlowJo 
v7.6 Software.

Western blot analysis
Protein extracts were prepared from cell cultures. 

Equal amounts of protein were subjected to SDS-PAGE 
and electro-transferred to the nitrocellulose membrane 
(Bio-Rad, CA, USA). The membrane was blocked with 
5% non-fat dry milk in Tris–HCl buffered saline (pH 
7.4) supplemented with Tween-20, and incubated 
with the primary antibody against CDKN1B and 
TIMP3 (Santa Cruz Biotechnology, CA, USA) according 
to the manufacturer’s recommendations. Antibody 
binding was detected by the HRP-conjugated species 
specific secondary antibody, followed by an enhanced 
chemiluminescence assay (Pierce Chemical Company, IL, 
USA).

Target prediction
TargetScan (http://www.targetscan.org/) and 

PicTar (http://pictar.mdc-berlin.de) are used to 
search for potential binding. CDKN1B and TIMP3 were 
identified as having putative binding sites for miR-142-
3p.

Statistical analysis
Quantitative data are represented as the mean±SD 

based on at least three separate experiments. Differences 
among groups were statistically analyzed by one-way 
analysis of variance followed by Tukey–Kramerpost hoc 
tests. Comparison between two experimental groups 
was based on a two-tailed unpaired Student’st-test. 
P <0.05 was considered statistically significant. The 
false discovery rate (FDR) was calculated to correct the 
P-value for miRNA array analysis.

Results

MiR-142-3p increases after sciatic nerve
injury
By miRNAs array of three pairs of tissues, a 

series of miRNAs were found to be significantly 
desregulated following transection injury to the 

Fig. 1. MiR-142-3p is significantly upregulated 
after sciatic nerve injury. A. Twelve most 
significantly differential expressed miRNAs 
were identified on 0, 12 and 24 hours after 
sciatic nerve injury in 3 pairs of tissues by 
miRNA array. Columns represent samples and 
rows represent miRNAs. B. qRT-PCR analysis 
of miR-142-3p expression on 0, 12, 24 and 
48 hours after sciatic nerve injury in 3 pairs 
of tissues used in miRNA array. C. qRT-PCR 
analysis of miR-142-3p expression of the 
ADSCs on 24 hours in 62 pairs of tissues after 
sciatic nerve injury. * p<0.05, ** p<0.01.
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sciatic nerve of rats. The six most upregulated 
(miR-124, miR-138, miR-142-3p, miR-214, 
miR-509 and miR-625) and six downregulated 
miRNAs (miR-122, miR-19a, miR-210, miR-
221, miR-375 and miR-522) are shown in Fig. 
1A. Quantitative RT-PCR (qRT-PCR) analysis 
confirmed that miR-142-3p expression was 
gradually upregulated from 12 to 48 hours 
after injury (Fig. 1B). Then, the expression of 
miR-142-3p was measured in another 59 pairs 
of tissues by real-time PCR assay. As expected, 
miR-142-3p increased on the injured side 
when compared with the uninjured control 
side at 24 hours post injury (Fig. 1C).

MiR-142-3p enhances cell viability
The significant increase of miR-142-

3p expression indicated possible biological 
significance in nerve injury. At first, the effect 
of miR-142-3p on cell growth was evaluated 
in DRG neuron cells transfected with or not, 
miR-142-3p mimic, miR-142-3p inhibitor or 
NC duplex. The expression of miR-142-3p was 
increased 28-folds in cells transfected with 
20nM miR-142-3p mimic, but decreased 32-
fold in cells transfected with 20nM miR-142-
3p inhibitor (Fig. 2A).

From 3 day after the transfection, the 
viability of cells transfected with miR-142-3p 
mimic significantly increased compared with 
that of NC duplex transfected or non transfected 
cells, but the viability of cells transfected with 
miR-142-3p inhibitor significantly decreased 
(Fig. 2B). These results indicate miR-142-
3p could enhance cell growth. To validate 
the effect of miR-142-3p on cell viability, the 
colony formation assay was performed in DRG 
neuron cells transfected with or not, miR-
142-3p mimic, miR-142-3p inhibitor or NC 
duplex. As showed in Fig. 2C, cells transfected 
with 20nM miR-142-3p mimic displayed 
much more and larger colonies (642 colonies) 
compared with NC duplex transfected (473 or 
488 colonies), but cells transfected with 20nM 
miR-142-3p inhibitor displayed much fewer 
and smaller colonies (279 colonies).

Cell cycle analysis showed the percentages 
of miR-142-3p mimic transfected cells in the 
S phase were 9.13% more than that of NC 
mimic transfected, which paralleled with a 
6.89% decrease in the G0-G1 phase (Fig. 3A). 
In miR-142-3p inhibitor transfected cells, the 
percentages of cells in the S phase were 7.19% 
less than that of NC inhibitor transfected, 

Fig. 2. MiR-142-3p enhances cell viability in DRG 
neuron cells.A. miR-142-3p expression in DRG 
neuron cells transfected withmiR-142-3p mimic, 
miR-142-3p inhibitor or negative control (NC). 
B. the effect of miR-142-3p on cell viability. C. the 
effect of miR-142-3p on colony formation. Data 
are shown as the mean±S.D. of six independent 
experiments.* p<0.05, ** p<0.01.

Fig. 3. MiR-142-3p promotes cell cycle and 
inhibits cell apoptosis. A. the effect of miR-142-
3p on cell cycle in DRG neuron cells. B. the effect 
of miR-142-3p on cell apoptosis in DRG neuron 
cells. *P<0.05, **P<0.01.
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which paralleled with a 7.83% 
increase in the G0-G1 phase (Fig. 
3A). Furthermore, the percentage of 
apoptotic cells in miR-142-3p mimic 
transfected cells were 39.1%  lower 
than that of NC mimic transfected cells 
(Fig. 3B). In miR-142-3p inhibitor 
transfected cells, the percentages of 
apoptotic cells were 23.4% higher 
than that of NC inhibitor transfected 
cells (Fig. 3B). Together, these results 
indicate miR-142-3p could suppress 
DRG neuron cell proliferation by 
promoting cell cycle and inhibiting cell 
apoptosis.

CDKN1B and TIMP3 are targets of miR-142-3p
Based on prediction, it was found CDKN1B and TIMP3 had the putative binding sites 

with miR-142-3p (Fig. 4A). The dual luciferase assay was performed to verify the putative 
binding, miR-142-3p mimics can only repress the luciferase activity of the reporter carrying 
wild type CDKN1B and TIMP3 3’UTR sequence, but not the reporter with the mutant sequence 
in HEK293T cells (Fig.4B). In DRG neuron cells, transfection of miR-142-5p significantly 
decreased CDKN1B and TIMP3 protein expression (Fig. 4C). These results suggest that miR-
142-5p can directly target CDKN1B and TIMP3, and regulate their expressions.

CDKN1B and TIMP3 knockdown could promote cell cycle and inhibit cell apoptosis
To identify whether inhibition of CDKN1B and TIMP3, just like miR-142-3p restoration, 

the effects of knockdown of CDKN1B and TIMP3 on cell growth were examined. Firstly, DRG 
neuron cells were transfected with or not, CDKN1B and TIMP3 siRNA or NC siRNA. Forty eight 
hours after transfection, knockdown of CDKN1B and TIMP3 was observed (Fig. 5A). In cell 
cycle and cell apoptosis analysis, in vitro knockdown of CDKN1B and TIMP3 could reversed 
the effect of miR-142-3p by enhancing cell cycle (Fig. 5B) and inhibiting cell apoptosis (Fig. 
5C). These results indicate that CDKN1B and TIMP3 are most likely involved in the effect of 
miR-142-3p.

Fig. 4. MiR-142-3p directly targets CDKN1B 
and TIMP3.A. Predicted binding sites 
between 3’UTR of CDKN1B and TIMP3 
and miR-142-3p and the designed mutant 
sequences. B. Relative luciferase activity 
of pGL3-CDKN1B and pGL3-TIMP3 or 
mutants in HEK 293T cells co-transfected 
with miR-142-3p mimic or NC. Firefly 
luciferase activity was normalized to that of 
Renilla luciferase. C. Western blot analysis 
of CDKN1B and TIMP3 expression in DRG 
neuron cells transfected with the miR-142-
3p mimic.
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Discussion

The importance of miRNA in neural 
development and neurodegeneration is 
starting to be recognized [20, 21], but their 
roles in nerve injury and repair currently 
remain largely unknown. In this study, it 
was found that peripheral nerve injury 
is accompanied by altered transcriptions 
of hundreds of miRNAs in DRGs. Using 
microarray analysis, we identified 12 most 
significant miRNAs in DRGs with significant 
expression alterations at different time points 
after nerve injury, which might be involved 
in many aspects of nerve regeneration, 
and provided an opportunity to decipher 
what target molecules of miRNAs could 
regulate nerve regeneration by integrating 
differentially expressed mRNAs with 
predicted targets. Out of these 12 miRNAs, 
miR-124-3p, miR-138-5p, miR-142-3p, miR-214-5p, miR-210-3p, miR-221-3p have been 
previously reported to be associated with never injury [22-27]. However, miR-122-5p, miR-
19-3p, miR-375, miR-509-3p, miR-522-3p and miR-625-5p have been reported deregulated 
in DRGs for the first time.

Importantly, we observed that miR-142-3p was most significant (p=0.0028) (Fig. 1C) and 
gradually upregulated from 12 to 48 hours in DRGs after injury (Fig. 1B). Thus, we selected 
miR-142-3p for further study. MiR-142 is expressed in many other tissues and displays a 
functional role in cancer, virus infection, inflammation and immune tolerance [28]. Recently, 
miR-142-3p has been reported to be associated with neuronal diseases. miR-142-3p is the 
key therapeutic target for repairing sensory function via adenylyl cyclase 9 (AC9)[29]; miR-
142-3p in regulating the pro-inflammatory function of moDCs in the pathogenesis of systemic 
lupus erythematosus (SLE)[30]; miR-142-3p was downregulated in Tuberous sclerosis (TSC)
[31]; miR-142-3p was down-regulated in secondary progressive multiple sclerosis (SPMS)
[32]; miR-142-3p were aberrantly expressed in peripheral blood mononuclear cells from 
relapsing remitting multiple sclerosis (RRMS) patients [33]. Although these studies have 
suggested that miR-142-3p is involved in neuronal development, it remains unclear whether 
miR-142-3p also plays a role in neuronal regeneration. In this study, miR-142-3p was found 
to be siginificantly upregulated in rat DRGs (L4-L6) during the initial 24 hours post sciatic 
nerve transection. Furthermore, induction of miR-142-3p mimic in cultured DRG neurons 
enhanced cell viability by promoting cell cycle and inhibiting cell apoptosis. Thus, miR-142-
3p was indentified to play a role in cell growth and apoptosis after sciatic nerve injury.

Hundreds of mRNAs were predicted as the putative targets of miR-142-3p. In functional 
assays, we found that miR-142-3p had effects on cell viability, cell cycle and cell apoptosis, so 

Fig. 5. CDKN1B and TIMP3 were partly involved 
in the effect of miR-142-3p. A. CDKN1B and TIMP3 
protein expression in DRG neuron cells transfected 
with the specific siRNAs. B. knockdown of CDKN1B 
and TIMP3 reversed the effect of miR-142-3p on cell 
cycle in DRG neuron cells. C. knockdown of CDKN1B 
and TIMP3 reversed the effect of miR-142-3p on cell 
apoptosis in DRG neuron cells. B&C: DRG neuron cells 
were co-transfected with miR-142-3p mimic and the 
CDKN1B or TIMP3 siRNAs. * p<0.05, **p<0.01.
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we selected the cell cycle and apoptosis associated mRNAs in putative targets for further study. 
In this study, we provide clear evidence that TIMP3 and CDKN1B are functional targets of 
miR-142-3p in DRG neurons to control axon regeneration. First, overexpression of miR-142-
3p suppressed the luciferase signal of TIMP3 3’UTR and CDKN1B 3’UTR reporter plasmids 
in HEK293T cells. Second, overexpression of miR-142-3p in DRG neurons suppressed the 
expression of endogenous TIMP3 and CDKN1B. Third, knockdown of TIMP3 or CDKN1B 
by specific siRNAs fully rescued cell cycle and apoptosis affected by miR-142-3p inhibitor. 
TIMP3 is a member of the TIMP family that contains 4 paralogous genes encoding TIMPs 
1-4. The TIMP family was originally characterized as inhibitors of matrix metalloproteinases 
(MMPs), and now has proven to possess more activities beyond metalloprotease inhibition 
[34]. In the TIMP family, TIMP-3 has the broadest inhibition spectrum, and it promotes 
apoptosis in several cell types [35]. The proapoptotic effects of TIMP-3 in melanoma cells 
are shown to result from stabilization of 3 distinct death receptors [36]. Several studies have 
reported miR-221/222 could target TIMP3 in cancers [37-39]. Besides, miR-21, miR-181, 
miR-373 and miR-206 could regulate TIMP3 [41-44]. It is well known that each microRNA 
usually has multiple target genes, and the same gene can be targeted by multiple microRNAs. 
Recently, it was reported that miR-21 and miR-222 inhibit apoptosis of adult DRG neurons by 
repressing TIMP3 following sciatic nerve injury [40]. These results were consistent with our 
findings of TIMP3 in sciatic nerve injury, and indicated that both miR-21/miR-222 and miR-
142-3p targeted TIMP3. However, the expression miR-21 and miR-222 was not significant as 
much as miR-142-3p in this study, suggesting that they may play roles in different time point 
after sciatic nerve injury. Another target protein, CDKN1B (p27kipl), which is required for 
quiescent cells to enter cell cycle in many cell types [45], were also reported to be regulated 
by miRNAs, including miR-194, miR-200, mir-221, miR-24-3p and miR-452[46-50]. Our 
findings of miR-142-3p regulation of CDKN1B could deepen our knowledge about miRNA 
regulation and nerve regeneration in further.

In conclusion, it was found that miR-142-3p targets CDKN1B and TIMP3, which is 
involved in differentiation and proliferation of DRG neuron cells for the first time. We also 
demonstrated that the miR-142-3p/CDKN1B and TIMP3 is an important signaling pathway 
in the nerve injury repair. These findings provided some fundamental information for future 
use of miR-142-3p as an agent for regenerative medicine and cell therapy for neurological 
diseases.
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