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Abstract. – OBJECTIVE: The aim of this study 
was to explore the role of microRNA-17-5p (miR-
17-5p) in the pathogenesis of spinal cord injury 
repair by mesenchymal stem cells (MSCs), and 
to investigate the possible underlying mecha-
nism.

MATERIALS AND METHODS: MiR-17-5p 
mimics and negative controls were transfected 
into MSCs. Dual-luciferase reporter gene as-
say was used to verify the functional binding 
between miR-17-5p and its target mRNA. After 
overexpression or knockdown of miR-17-5p, the 
expression level of target genes in MSC cells 
was analyzed by Real-time quantitative poly-
merase chain reaction (qRT-PCR) and West-
ern blot. The proliferation ability of cells was 
detected by cell counting kit-8 (CCK-8) assay. 
The effect of miR-17-5p and VEGF-A on angio-
genesis was assessed by HUVEC assay. T8 spi-
nal cord injury model was constructed in nude 
mice. All mice were divided into the negative 
control group, the SCI group, the miR-17-5p-NC 
group, the miR-17-5p-inhibitor group, and the 
miR-17-5p-inhibitor + sh-VEGF-A group. After 
injection of different treated MSCs at the lesion 
site, the proportion of intact tissue as well as 
reduced lumen volume was measured at 28 d. 
Meanwhile, the motor function of hind limbs was 
scored based on the Basso Beattie Bresnahan 
(BBB) standard scale at 7 d, 14 d, 21 d, and 28 
d after transplantation, respectively. 

RESULTS: A binding site of miR-17-5p was 
found on the mRNA of VEGF-A. The protein 
expression of VEGF-A was strikingly altered af-
ter overexpression or knockdown of miR-17-5p. 
Knocking down miR-17-5p expression signifi-
cantly increased the protein level of VEGF-A and 
GDNF. Meanwhile, miR-17-5p down-regulation 
significantly enhanced the viability and the an-
giogenic ability of MSCs. However, simultaneous 
knockdown of miR-17-5p and VEGF-A showed 
the opposite results. After spinal cord injury, 
the proportion of intact spinal cord tissues in 
mice was significantly reduced, whereas re-
duced lumen volume was remarkably increased. 
After injection of MSCs alone, the proportion 
of intact tissues was significantly increased. 
After knocking down miR-17-5p, the proportion 

was further increased. However, no significant 
effect was found on the amount of intact tis-
sues after knocking out VEGF-A. Moreover, the 
reduction in cavity volume appeared to present 
an opposite trend comparable to the proportion 
of intact tissues. The BBB scores were signifi-
cantly decreased in the mice model, while re-
markably increased after MSC transplantation. 
Furthermore, the BBB score was the highest in 
the miR-17-5p knockout group, while VEGF-A 
knockout had little effect on it. In addition, no 
significant difference was found in the mRNA 
expression GFP in the spinal cord of mice in 
different groups after MSCs treatment.

CONCLUSIONS: Inhibition of miR-17-5p 
up-regulates the expression of VEGF-A and GD-
NF in MSCs, and promotes the repair of spinal 
cord injury by MSCs.
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Introduction

Spinal cord injury (SCI) is one of the most 
common spinal diseases. It is also a serious com-
plication that can cause severe dysfunction of the 
limb below the injured segment. The incidence 
of SCI is increasing year by year. However, due 
to the lack of regenerative ability of neurons, the 
treatment of SCI has always been a difficult point 
in the medical field. This seriously threatens hu-
man health and brings a heavy burden to the so-
ciety and families1. Currently, the main purpose 
of treatment plans for SCI is to reduce secondary 
injury and to maximize the retention of spinal 
cord residual function2. The main treatments can 
be divided into two categories, including spinal 
nerve protection and nerve regeneration thera-
py. Meanwhile, interventions include surgical 
decompression, spinal cord hypothermia, target-
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ing inflammation, and excitatory toxic drugs3-6. 
Nerve regeneration therapy mainly refers to the 
treatment of myelin-related inhibitors and adult 
cell transplantation. Researchers7 have demon-
strated that cell transplantation may be the most 
promising method to improve the recovery of 
neurological function after SCI. Stem cells are a 
class of cells with self-renewal and multi-direc-
tional differentiation potential. MSCs have not 
only the basic characteristics of stem cells, but 
also are easy to obtain, isolate, culture, proliferate 
and express foreign genes. They maintain the po-
tential of multi-directional differentiation during 
long-term in vitro culture. Meanwhile, the genetic 
background of MSCs is quite stable. There are no 
ethical problems like neural stem cells and em-
bryonic stem cells. MSCs also have the prereq-
uisites for the source of nerve repair cells8,9. In-
vestigations have found that MSCs can invade the 
injured site and phagocytize the necrotic tissue, 
thereby inhibiting scar formation that is not con-
ducive to nerve regeneration10. In addition, MSCs 
can secrete a variety of nerve growth factors, 
which also promote the secretion of nerve growth 
factors in the central nervous system11. Scholars12 
have demonstrated that MSCs play a significant 
role in nerve regeneration, including promoting 
the regeneration of autologous nerve cells and 
directed differentiation of transplanted cells into 
neuron-like cells and glial-like cells. Meanwhile, 
BMSCs also facilitate local neovascularization 
and vascular remodeling, eventually improving 
neurotrophic situation10. MiRNAs are a class of 
highly conserved non-coding small RNA mole-
cules that are widely found in living organisms. 
Mature miRNAs are involved in regulating gene 
expression by base-pairing with complementary 
sequences of targeted mRNAs. They also affect 
gene expression, cell cycle, and ontogenesis of 
eukaryotes13. Recent works have shown that miR-
NAs play a regulatory role in spinal cord devel-
opment, spinal cord plasticity, and pathological 
changes after SCI. Some miRNAs may be effec-
tive targets for therapeutic intervention after SCI. 
Studies found that miR-124a, miR-20a, miR-486, 
and miR-133b are differentially expressed after 
SCI. It has been observed that miR-20a is signifi-
cantly up-regulated, which is also related to mo-
tor neuron degeneration. Inhibition of miR-20a 
expression can effectively induce motor neuron 
survival and neurogenesis by regulating its target 
gene Ngn114. Although miR-133b has a positive 
effect on motor function recovery and nerve re-
generation after spinal cord transection in zebraf-

ish, its effect is achieved by negative regulation of 
the protein expression of small GTPase RhoA15. 
Hong et al16 have demonstrated that miR-17-5p is 
up-regulated in a SCI model, promoting astrocyte 
proliferation and glial scar formation. However, 
the role of miR-17-5p in the treatment of SCI by 
MSCs has not been reported yet.

Materials and Methods

Extraction of MSCs
4-week-old Sprague Dawley (SD) rats were 

sacrificed by cervical dislocation. The lower limb 
skin of the rat was cut and open, and the femur 
with muscle was removed and placed in 75% al-
cohol. The soft tissue covered by the femur of rats 
was peeled off and placed in phosphate-buffered 
saline (PBS). The rat femoral condyle was cut, 
and the medullary cavity was washed with Dul-
becco’s Modified Eagle’s Medium (LG-DMEM, 
Gibco, Rockville, MD, USA) containing 10% fe-
tal bovine serum (FBS, Gibco, Rockville, MD, 
USA). After repeated pipetting and rinsing, Fi-
coll-Paque was centrifuged. The cell suspension 
was reconstituted with LG-DMEM medium con-
taining 10% FBS and counted under a light mi-
croscope using a hemocytometer. This study was 
approved by the Animal Center of Shandong Uni-
versity Ethics Committee.

Cell Culture
The density of MSCs was adjusted to 

104-105cells/mL, and MSCs were inoculated into 
the culture flask. The cells were cultured in an 
incubator at 37°C, with 5% CO2 and saturat-
ed humidity. Human umbilical vein endothelial 
cells (HUVECs) were purchased from American 
Type Culture Collection (ATCC) (Manassas, VA, 
USA). The cells were cultured in DMEM contain-
ing 10% FBS, 100 U/mL penicillin and 100 μg/
mL streptomycin in a 37°C, 5% CO2 incubator.

Lentiviral Transfection
Rat BMSCs were seeded into 24-well plates 

at a density of 2×106/mL, followed by culture 
for 48 h. Lentiviral supernatant containing miR-
17-5p/sh-VEGF-A and the corresponding nega-
tive control were added to the culture medium. 
Subsequently, 5 mL/L polyamine were added to 
achieve a multiplicity of infection of 20-100. The 
cells were then cultured in an incubator for 24-72 
h. The transfection condition was observed under 
an inverted fluorescence microscope.
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SCI Model and MSC Treatment
Rats were anesthetized by intraperitoneal in-

jection of chloral hydrate. After that, the rats were 
placed in the prone position, and the midline in-
cision was taken. With the 8th thoracic vertebral 
body as the center, the paravertebral muscles 
were removed. Meanwhile, the T7-T9 stage spi-
nous processes and lamina were also removed 
to completely expose the dura mater. The im-
pact rod was used to hit the spinal cord from a 
height of 25 mm. MSCs were injected into the rat 
spine with a 25G needle at a rate of 106/500 μL, 
and reflux should be avoided during this process. 
Foam thrombin was subsequently injected. After 
surgery, 0.05 mg/kg buprenorphine was admin-
istered subcutaneously for analgesia. The dietary 
status and the skin around the wound were closely 
monitored.

Pathological Observation
On the 28th day after surgery, 6 rats in each group 

were deeply anesthetized with intraperitoneal injec-
tion of sodium pentobarbital. The left ventricle was 
perfused with normal saline until the effluent was 
clarified. After perfusion with 200 mL 4% parafor-
maldehyde, spinal cord tissue of the injured segment 
was taken for embedding. HE staining was per-
formed along the longitudinal section of the spinal 
cord. Meanwhile, the area of each slice cavity was 
multiplied by the interval thickness (50 μm) to esti-
mate the volume of the spinal cavity and averaged. 
The intact tissue was estimated by subtracting the 
volume of the cavity from the total volume.

Behavioral Observation
On the 4th, 14th, 21st, and 28th day after model 

transplantation, Basso Beattie Bresnahan (BBB) 
scores were evaluated by two experimental per-
sonnel. Both of them were familiar with the 
scoring criteria but blind to the specific group17. 
Grading processes were as follows: the rats were 
placed on a test bench, and the scores were ob-
tained after 10 minutes of independent observa-
tion. After each scoring, the average of the two 
scores was taken as the final result and recorded 
for statistical analysis.

Collagen Gel Test
HUVEC endothelial cells were embedded in 

collagen gel and seeded into 24-well plates. The 
collagen was polymerized by placing it in an in-
cubator for 15 minutes. Subsequently, the same 
amount of MSCs with different treatments was 
added to a chamber, followed by continuous cul-

ture in an incubator. The medium was changed 
daily. The culture images were photographed, and 
the angiogenesis of HUVEC was finally quantified.

Cell Counting Kit-8 (CCK-8) Assay
Cell proliferation was detected using CCK8 

kit (Dojindo, Kumamoto, Japan). The suspension 
of MSCs was prepared, and 1×104 cells per well 
were seeded into 96-well plates. After 24 h of cul-
ture, the reaction was terminated and the medium 
was discarded. 10 μL CCK8 solution were added 
in each well and incubated for 4 h. The absor-
bance of each well at the wavelength of 450 nm 
was measured using a microplate reader.

Luciferase Reporter Gene Assay
Potential binding sites for VEGF-A and miR-

17-5p were predicted by bioinformatics software 
(Starbase v2.0). The predicted binding sequence 
of miR-17-5p on VEGF-A was cloned by PCR and 
inserted into the luciferase reporter vector to es-
tablish the reporter vector VEGF-A-wt. After mu-
tation of the binding site, relevant mutant reporter 
plasmid VEGF-A-Mut was established. Subse-
quently, VEGF-A-wt, VEGF-A-Mut (500 ng) and 
the miR-17-5p overexpression plasmid (100 nmo-
l/L) were co-transfected into cells according to the 
instructions of Lipofectamine 3000 (Invitrogen, 
Carlsbad, CA, USA). 48 h after transfection, the 
cells were collected. Finally, luciferase activity of 
each group was detected by Luciferase assay kit.

Total RNA Extraction and Real-Time 
Quantitative Polymerase Chain Reaction 
(qRT-PCR)

Collected cells were washed with PBS twice, 
then TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA) was added. After extraction with chlo-
roform, the aqueous phase was transferred to a 
new tube. The RNA in the aqueous phase was 
precipitated with isopropanol, washed with 75% 
ethanol and dried at room temperature. After dis-
solving with diethyl pyrocarbonate (DEPC) wa-
ter, extracted RNAs were placed in a -20°C re-
frigerator for subsequent use. Extracted RNA was 
reverse transcribed into cDNA according to the 
instructions. QRT-PCR was performed using the 
SYBR® Green Master Mix (TaKaRa, Otsu, Shi-
ga, Japan). The specific reaction conditions were 
as follows: pre-denaturation at 95°C for 15 min, 
denaturation at 94°C for 15 s, 55°C for 30 s, ex-
tension at 72°C for 30 s, for a total of 40 cycles. 
Fluorescence was collected at 75-80°C and final-
ly analyzed at 65-95°C for melting curve anal-
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ysis. Primers used in this study were: GAPDH 
(F: 5’-TGAGATCAACGTGTTCCAGTG-3’, R: 
5’-ACCAGATGAAATGTGCCCC-3’), VEGF-A 
(F: 5’-CTGTACCTCCACCATGCCAA-3’, 
5’-GCTGCGCTGATAGACATCCA-3’), GDNF 
(F: 5’-AGAGGGGCAAAAATCGGGG-3’, R: 
5’-CCGCTGCAATATCGAAAGATCA-3’), 
GFP (F: 5’-AATCGGTTCTAAACGAGAG-3’, 
R: 5’-ACAATCATAGCCTGCACGCTGC-3’), 
U6 (F: 5’-AACGCTTCACGAATTTGCGT-3’, 
R: 5’-CCAAGCTTATGACAGCCATCATC-3’) 
microRNA-17-5p (F: 5’-TCATAGGCAAATG-
GATGAAAATGG-3’, R: 5’-ATGTGTTCTGTG-
CATCTAGGG-3’).

Western Blot
Total protein of each group was lysed us-

ing RIPA lysate (Beyotime, Shanghai, China). 
Subsequently, the protein concentration was de-
termined using the bicinchoninic acid (BCA) 
method (Pierce, Rockford, IL, USA). After elec-
trophoresis in sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE), the 
proteins were transferred onto polyvinylidene 
difluoride (PVDF) membranes. After blocking 
with 5% skimmed milk at room temperature for 
2 h, the membranes were incubated with prima-
ry antibodies (1:1 000 dilution) at 4°C overnight. 
The next day, the membranes were washed with 
Tris-buffered saline and Tween 20 (TBST), and 
incubated with the corresponding secondary anti-
body (1:3 000 dilution) at room temperature for 2 
h. Immunoreactive bands were visualized by the 
enhanced chemiluminescence (ECL) method.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 18.0 (SPSS Inc., Chicago, IL, USA) were 
used for all statistical analysis. Measurement data 
were expressed as mean ± standard deviation. 
t-test was performed to analyze the difference be-
tween groups. p≤0.05 was considered statistically 
different.

Results

MiR-17-5p Could Bind to VEGF-A 
Previous investigations16 have demonstrated 

that miR-17-5p is up-regulated in the SCI mod-
el and may promote the development of SCI. We 
then used bioinformatics to predict the target gene 
of miR-17-5p, and found that there was a miR-17-

5p binding site on VEGF-A mRNA (Figure 1A). 
This suggested that miR-17-5p might regulate 
VEGF-A expression. Luciferase reporter gene as-
say results showed that the luciferase activity was 
significantly reduced in the VEGFA-WT 3’ UTR 
group. However, there was no significant differ-
ence in VEGFA-MUT 3’UTR luciferase activi-
ty (Figure 1B). To further verify the regulatory 
effect of miR-17-5p on VEGF-A expression, we 
detected the mRNA and protein expression levels 
of VEGF-A after overexpression of miR-17-5p in 
cells. Results indicated that there was no signif-
icant change in mRNA level (Figure 1C), while 
the protein expression of VEGF-A was remark-
ably down-regulated. Meanwhile, the protein 
level of VEGF-A was significantly up-regulated 
after knockdown of miR-17-5p (Figure 1D). These 
results indicated that miR-17-5p could target to 
VEGF-A and inhibit VEGF-A expression.

Knockdown of miR-17-5p 
Promoted VEGF-A Expression 
and Enhanced Angiogenesis

Results found that the mRNA expression 
of VEGF-A was not significantly altered after 
knockdown of miR-17-5p in cells. In addition to 
VEGF-A, we also examined the effect of miR-17-
5p on GDNF expression. Results demonstrated 
that knockdown of miR-17-5p and VEGF-A had 
little effect on the mRNA expression of GDNF 
(Figure 2A). Meanwhile, we inhibited miR-17-5p 
expression in cells, and detected the protein ex-
pression of VEGF-A and GDNF. Western blot 
demonstrated that VEGF-A and GDNF were both 
remarkably increased when compared with the 
control group. Knockdown of VEGF-A in cells re-
versed the increased level of VEGF-A and GDNF 
induced by miR-17-5p down-regulation (Figure 
2B). Multiple studies have found that VEGF-A 
plays an important role in cell proliferation. In 
the present study, we found that the viability of 
MSCs was significantly increased after miR-17-
5p knockdown, which could be offset by inhib-
iting VEGF-A expression (Figure 2C). Addition-
ally, collagen gel assay was performed to test the 
angiogenesis ability of MSCs in HUVEC cells. 
Results indicated that the angiogenesis ability of 
MSCs in the miR-17-5p-inhibited group was sig-
nificantly up-regulated. Meanwhile, low expres-
sion of VEGF-A also counteracted the promoting 
effect (Figure 2D). The above results suggested 
that knockdown of miR-17-5p promoted the ex-
pression of VEGF-A and the angiogenesis ability 
of MSCs.
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Knockdown of miR-17-5p Had No Effect 
on the Treatment of SCI by MSCs

We further explored whether miR-17-5p and 
VEGF-A had therapeutic effects in SCI. We es-
tablished a spinal cord continuation model in 
nude mice and injected different groups of MSCs 
for treatment. Samples were collected 28 days 
later, and histological evaluation was performed. 
Results showed that the proportion of intact tis-
sues was significantly increased after injection 
of MSCs alone. Meanwhile, the proportion of in-
tact spinal cord tissue in the miR-17-5p inhibitor 
group was further increased when compared with 
the miR-17-5p NC group. However, knockdown 
of VEGF-A had no significant effect on the pro-
portion of intact spinal cord tissue (Figure 3A). In 
contrast, the volume of spinal cord cavity in the 
miR-17-5p inhibitor group was significantly lower 
than that of the miR-17-5p NC group. Knocking 

down VEGF-A had no significant effect on cavity 
volume (Figure 3B). In addition, significant dys-
kinesia occurred in both lower extremities of rats 
after modeling. The results demonstrated that the 
scores of rats injected with miR-17-5p inhibitor 
were remarkably higher than those injected with 
MSCs alone. Knockdown of VEGF-A had no 
significant effect on the motor function of lower 
limbs in rats (Figure 3C). These results suggest-
ed that knockdown of miR-17-5p had no signifi-
cant effect on the treatment of SCI mediated by 
VEGF-A up-regulation.

Survival and Spread of Transplanted 
MSCs In Vivo

To understand the survival and spread of trans-
planted MSCs, we extracted the mRNA of spinal 
cord in rats at different time points after MSCs in-
jection, and detected the expression level of GFP. 

A

C

B

D

Figure 1. MiR-17-5p could target VEGF-A. A, The binding site of miR-17-5p on VEGF-A mRNA predicted by bioinformat-
ics website. B, After co-transfection with wild-type VEGF-A and miR-17-5p mimics in MSCs, fluorescence was quenched. 
C, Overexpression of miR-17-5p did not change the mRNA expression of VEGF-A in MSCs. D, The protein expression of 
VEGF-A in MSCs was decreased after overexpression of miR-17-5p, while was increased after knockdown of miR-17-5p.
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GFP is a transgene existing in transplanted MSCs, 
which does present in host cells. Compared with 
D0 (sampled immediately after transplantation), 
no significant decrease or increase was found 
in GFP expression in D2, D7, D14, and D28 spi-
nal cord tissues of the three groups injected with 
MSCs. These indicated that MSCs survived well 
in vivo and underwent limited proliferation during 
the experiment (Figure 4). The above findings all 
demonstrated that up-regulation of VEGF-A after 
miR-17-5p inhibition did not impair the therapeutic 
potential of MSCs in the treatment of SCI in rats.

Discussion

SCI is currently recognized as one of the re-
fractory diseases. With the characteristics of high 
incidence, disability, cost and low mortality, SCI 
seriously threatens human health. Therefore, the 
treatment of SCI has become a world issue17,18. 
As one kind of stem cells in early mesodermal 
development, MSCs have the ability to differ-
entiate into various cells originating from the 
mesoderm, such as osteoblasts, chondroblasts, 
myocytes and adipocytes19. Under the action of 

A

C

B

D

Figure 2. Knockdown of miR-17-5p increased VEGF-A expression and promoted angiogenesis in MSCs. A, Knockdown of 
miR-17-5p did not affect the mRNA expression of VEGF-A, but decreased the mRNA expression of VEGF-A. Various treat-
ments had little effect on the mRNA expression of GDNF. B, After knockdown of miR-17-5p, the protein expression of VEGF-A 
and GDNF were significantly increased in MSCs cells. C, CCK-8 assay showed that the viability of MSCs was increased after 
knocking down miR-17-5p. D, HUVEC collagen gel assay found that the angiogenic ability of MSCs was increased after knock-
down of miR-17-5p. Meanwhile, this ability was attenuated after knocking down VEGF-A at the same time. 
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A B

C

Figure 3. Knockdown of miR-17-5p did not affect MSCs treatment of SCI. A, The proportion of intact tissue and reduced 
lumen volume were detected in rats of different model groups. B, After injection of MSCs alone, the proportion of intact 
tissues was increased. The number of completed tissues in the MSCs treated group after knockdown of miR-17-5p was sig-
nificantly higher than that of the MSCs alone group. The reduced cavity volume had a reverse trend with the proportion of 
intact tissue. C, The BBB score results were consistent with the results of the proportion of the full organization.

Figure 4. Survival and spread of trans-
planted MSCs in vivo. The mRNA was 
extracted from the spinal cord of mice at 
different times after injection with MSCs. 
The expression of GFP was detected. 
GFP was present in transplanted MSCs 
cells but was not present in host cells. 
There was no significant difference in 
GFP expression between different days.
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appropriate inducing factors, MSCs can differen-
tiate into neural cells and other tissue cells, which 
also express specific markers. MSCs have now 
become stem cells possessing broad application 
prospects20. Currently, phase I clinical trials of 
MSCs for the treatment of SCI have been success-
fully carried out. In addition, previous clinical 
trials have demonstrated that it is safe to implant 
autologous MSCs in an orderly manner21. At pres-
ent, researches22, 23 have illustrated that a variety 
of miRNAs are involved in the regulation of SCI 
development, including the pathophysiological 
process and the recovery process. For example, 
miR-219 plays an important role in the regula-
tion of astrocyte proliferation, oxidative stress, 
and inflammatory response. Meanwhile, miR-219 
can cause lipid accumulation in the white matter 
of the brain through activating its downstream 
gene ELOVL7. This suggests that up-regulation 
of miR-219 may attenuate SCI24. Meanwhile, 
up-regulation of miR-126 can reduce the axonal 
apoptosis rate and enhance the recovery of mo-
tor function through targeting PIK3R2 and the 
growth factor-related regulatory gene SPRED125, 

26. Previous works16 have shown that miR-17-5p is 
up-regulated in a SCI model. Vascular endothelial 
growth factor can stimulate the functional recov-
ery of rats after traumatic SCI27. Numerous in-
vestigations28, 29 have demonstrated that VEGF-A 
is beneficial for the recovery after SCI, in which 
angiogenesis plays a vital role. GDNF is consid-
ered as an important survival factor for motor 
neurons, thereby serving its important clinical 
value for the treatment of SCI30. We found that 
miR-17-5p could target VEGF-A and regulate the 
protein expressions of VEGF-A and GDNF. Inhi-
bition of miR-17-5p could strikingly increase the 
viability and angiogenic ability of MSCs through 
regulating VEGF-A. We also demonstrated that 
the increased level of VEGF-A mediated by low-
ly-expressed miR-17-5p had no inhibitory effect 
on the therapeutic potential of MSCs for SCI. 
Moreover, inhibiting VEGF-A expression showed 
no evident influence on the repair of SCI caused 
by lowly-expressed miR-17-5p.

Conclusions

We found that the inhibition of miR-17-5p can 
enhance the ability of MSCs to promote angio-
genesis by regulating VEGF-A expression. More-
over, this has no connection with the repair of SCI 
promoted by VEGF-A.

Conflict of Interests
The authors declare that they have no conflict of interest.

References

  1) van der Scheer JW, hutchinSon MJ, PaulSon t, Martin 
GK, GooSey-tolfrey vl. Reliability and validity of 
subjective measures of aerobic intensity in adults 
with spinal cord injury: a systematic review. PM R 
2018; 10: 194-207.

  2) ParK eS, ahn JM, Jeon SM, cho hJ, chunG KM, 
cho Jy, youn dh. Proteomic analysis of the dorsal 
spinal cord in the mouse model of spared nerve 
injury-induced neuropathic pain. J Biomed Res 
2017; 31: 494-502.

  3) hede K. Emergency medicine: the need for speed. 
Nature 2013; 503: S14-S15.

  4) Batchelor Pe, Kerr nf, Gatt aM, aleKSoSKa e, cox 
Sf, GhaSeM-Zadeh a, WillS te, hoWellS dW. Hypo-
thermia prior to decompression: buying time for 
treatment of acute spinal cord injury. J Neurotrau-
ma 2010; 27: 1357-1368.

  5) BracKen MB, ShePard MJ, collinS Wf, holford 
tr, younG W, BaSKin dS, eiSenBerG hM, flaMM e, 
leo-SuMMerS l, Maroon J, et al. A randomized, con-
trolled trial of methylprednisolone or naloxone in 
the treatment of acute spinal-cord injury. Results 
of the second national acute spinal cord injury 
study. N Engl J Med 1990; 322: 1405-1411.

  6) Koda M, niShio y, KaMada t, SoMeya y, oKaWa 
a, Mori c, yoShinaGa K, oKada S, Moriya h, ya-
MaZaKi M. Granulocyte colony-stimulating factor 
(G-CSF) mobilizes bone marrow-derived cells 
into injured spinal cord and promotes functional 
recovery after compression-induced spinal cord 
injury in mice. Brain Res 2007; 1149: 223-231.

  7) Mendonca Mv, larocca tf, de freitaS SB, villarreal cf, 
Silva lf, MatoS ac, novaeS Ma, Bahia cM, de oliveira 
MMa, Kaneto cM, furtado SB, SaMPaio GP, SoareS 
MB, doS Sr. Safety and neurological assessments 
after autologous transplantation of bone marrow 
mesenchymal stem cells in subjects with chronic 
spinal cord injury. Stem Cell Res Ther 2014; 5: 126.

  8) DeZaWa M, taKahaShi i, eSaKi M, taKano M, SaWada 
h. Sciatic nerve regeneration in rats induced by 
transplantation of in vitro differentiated bone-marrow 
stromal cells. Eur J Neurosci 2001; 14: 1771-1776.

  9) colter dc, claSS r, diGirolaMo cM, ProcKoP dJ. 
Rapid expansion of recycling stem cells in cul-
tures of plastic-adherent cells from human bone 
marrow. Proc Natl Acad Sci U S A 2000; 97: 
3213-3218.

 10) lu P, JoneS ll, Snyder ey, tuSZynSKi Mh. Neural stem 
cells constitutively secrete neurotrophic factors and 
promote extensive host axonal growth after spinal 
cord injury. Exp Neurol 2003; 181: 115-129.

 11) deZaWa M, Kanno h, hoShino M, cho h, MatSu-
Moto n, itoKaZu y, taJiMa n, yaMada h, SaWada 
h, iShiKaWa h, MiMura t, Kitada M, SuZuKi y, ide c. 
Specific induction of neuronal cells from bone 
marrow stromal cells and application for autol-
ogous transplantation. J Clin Invest 2004; 113: 
1701-1710.



MiR-17-5p is involved in the repair of spinal cord injury

3907

 12) hofStetter cP, SchWarZ eJ, heSS d, WidenfalK J, el 
Ma, ProcKoP dJ, olSon l. Marrow stromal cells 
form guiding strands in the injured spinal cord 
and promote recovery. Proc Natl Acad Sci U S A 
2002; 99: 2199-2204.

 13) hendricKSon dG, hoGan dJ, MccullouGh hl, 
MyerS JW, herSchlaG d, ferrell Je, BroWn Po. 
Concordant regulation of translation and mRNA 
abundance for hundreds of targets of a human 
microRNA. PLoS Biol 2009; 7: e1000238.

 14) Jee MK, JunG JS, iM yB, JunG SJ, KanG SK. Silencing 
of miR20a is crucial for Ngn1-mediated neuro-
protection in injured spinal cord. Hum Gene Ther 
2012; 23: 508-520.

 15) yu yM, GiBBS KM, davila J, caMPBell n, SunG S, 
todorova ti, otSuKa S, SaBaaWy he, hart rP, 
Schachner M. MicroRNA miR-133b is essential for 
functional recovery after spinal cord injury in adult 
zebrafish. Eur J Neurosci 2011; 33: 1587-1597.

 16) honG P, JianG M, li h. Functional requirement of 
dicer1 and miR-17-5p in reactive astrocyte prolif-
eration after spinal cord injury in the mouse. Glia 
2014; 62: 2044-2060.

 17) Wei GJ, an G, Shi ZW, WanG Kf, Guan y, WanG 
yS, han B, yu eM, li Pf, donG dM, WanG lP, tenG 
ZW, Zhao dl. Suppression of MicroRNA-383 en-
hances therapeutic potential of human bone-mar-
row-derived mesenchymal stem cells in treating 
spinal cord injury via GDNF. Cell Physiol Biochem 
2017; 41: 1435-1444.

 18) dai J, xu lJ, han Gd, Sun hl, Zhu Gt, JianG ht, 
yu Gy, tanG xM. MiR-137 attenuates spinal cord 
injury by modulating NEUROD4 through reducing 
inflammation and oxidative stress. Eur Rev Med 
Pharmacol Sci 2018; 22: 1884-1890.

 19) JianG y, JahaGirdar Bn, reinhardt rl, SchWartZ re, 
Keene cd, ortiZ-GonZaleZ xr, reyeS M, lenviK t, 
lund t, BlacKStad M, du J, aldrich S, liSBerG a, loW 
Wc, larGaeSPada da, verfaillie cM. Pluripotency 
of mesenchymal stem cells derived from adult 
marrow. Nature 2002; 418: 41-49.

 20) toBaldini e, Porta a, BulGheroni M, PeciS M, Mu-
ratori M, Bevilacqua M, Montano n. Increased 
complexity of short-term heart rate variability 
in hyperthyroid patients during orthostatic chal-
lenge. Conf Proc IEEE Eng Med Biol Soc 2008; 
2008: 1988-1991.

 21) horWitZ eM, ProcKoP dJ, fitZPatricK la, Koo WW, 
Gordon Pl, neel M, SuSSMan M, orchard P, Marx 
Jc, PyeritZ re, Brenner MK. Transplantability and 
therapeutic effects of bone marrow-derived mes-
enchymal cells in children with osteogenesis im-
perfecta. Nat Med 1999; 5: 309-313.

 22) li P, tenG Zq, liu cM. Extrinsic and intrinsic 
regulation of axon regeneration by MicroRNAs 
after spinal cord injury. Neural Plast 2016; 2016: 
1279051.

 23) liu y, han n, li q, li Z. Bioinformatics analysis 
of microRNA time-course expression in brown rat 
(Rattus norvegicus): spinal cord injury self-repair. 
Spine (Phila Pa 1976) 2016; 41: 97-103.

 24) liu G, detloff Mr, Miller Kn, Santi l, houle Jd. 
Exercise modulates microRNAs that affect the 
PTEN/mTOR pathway in rats after spinal cord 
injury. Exp Neurol 2012; 233: 447-456.

 25) alaM MM, o’neill la. MicroRNAs and the resolu-
tion phase of inflammation in macrophages. Eur 
J Immunol 2011; 41: 2482-2485.

 26) hu J, ZenG l, huanG J, WanG G, lu h. miR-126 
promotes angiogenesis and attenuates inflam-
mation after contusion spinal cord injury in rats. 
Brain Res 2015; 1608: 191-202.

 27) PovySheva t, ShMarov M, loGunov d, naroditSKy 
B, ShulMan i, oGurcov S, KoleSniKov P, iSlaMov r, 
chelyShev y. Post-spinal cord injury astrocyte-me-
diated functional recovery in rats after intraspinal 
injection of the recombinant adenoviral vectors 
Ad5-VEGF and Ad5-ANG. J Neurosurg Spine 
2017; 27: 105-115.

 28) xu Zx, ZhanG lq, WanG cS, chen rS, li GS, Guo 
y, xu Wh. Acellular spinal cord scaffold implanta-
tion promotes vascular remodeling with sustained 
delivery of VEGF in a rat spinal cord hemisection 
model. Curr Neurovasc Res 2017; 14: 274-289.

 29) lian Jh, Pennant Wa, hyunG lM, Su S, ah Kh, 
lu lM, Soo oJ, cho J, nyun KK, heuM yd, ha y. 
Neural stem cells modified by a hypoxia-induc-
ible VEGF gene expression system improve cell 
viability under hypoxic conditions and spinal cord 
injury. Spine (Phila Pa 1976) 2011; 36: 857-864.

 30) Barati S, hurtado Pr, ZhanG Sh, tinSley r, ferGuSon 
ia, ruSh ra. GDNF gene delivery via the p75(N-
TR) receptor rescues injured motor neurons. Exp 
Neurol 2006; 202: 179-188.


