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Instruction

Peripheral nervous system includes nerve components 
other than cranial and spinal cord, including trunk nerves 
of the body surface system and motor system1. Peripheral 
nerve is particularly vulnerable2, caused by penetrating 
injury, laceration, stretching, ischemia, or compression3, 
which will produce inflammation in the injury site, to 

accelerate the nerve degeneration4. Peripheral nerve injury 
can lead to distal neurodegeneration5 and motor or sensory 
impairment6, which is a common clinical problem of trauma, 
tumor, and treat injury. Different from the central nerve, 
peripheral nerve can regenerate and achieve certain function 
recovery after injury7, which can promote the repair of nerve 
function completed in a variety of ways. For example, giving 
neurotrophic factors can stimulate nerve regeneration, while 
it does not ensure the complete repair of nerve function, which 
also needs to be completed by promoting axon regeneration 
and myelin regeneration together8. However, there is still an 
unmet demand for new treatments or adjuvant strategies 
to promote the recovery of function in patients with nerve 
injuries9, therefore, new technologies must be developed to 
restore function for more patients10. MicroRNA (miRNA) is 
important for the epigenetic regulation of genes. Studies have 
shown that miRNA plays an important role in the growth of the 
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Objective: To investigate the effects and mechanisms of microRNA 206 (miRNA-206) on neurological recovery through 
Notch receptor 3 (Notch3). Methods: The sciatic functional index (SFI), nerve conduction velocity (NCV), tricipital muscle 
wet weight (TWW) and cross-sectional area of the muscular fiber, and grip strength of posterior limbs were detected by 
establishing a model of the sciatic nerve to evaluate the effect of sciatic nerve injury model. miRNA-206 expression in the 
model was detected by real-time quantitative polymerase chain reaction (qRT-PCR), to regulate the effects of miRNA-206 
on the proliferation of gastrocnemius myocytes by Cell Counting Kit-8 (CCK-8). Results: SFI of the model established by 
immediate epineurium suture after sciatic nerve resection was in the range of -150% to -100% and TWW, the average 
area of gastrocnemius myocytes, the NCV, and the grasping power of the hind limbs in the model were all lower than 
those in the normal group. And in the model, TWW, the average area of gastrocnemius myocytes, NCV, and grip strength 
of posterior limbs were lower in the normal group, which verified the successful establishment of the model. Conclusion: 
Over-expression of miRNA-206 can down-regulate Notch3 expression, and then stimulate brain-derived neurotrophic 
factor (BDNF) activity to promote the repair and functional recovery of sciatic nerve injury.

Keywords: miRNA-206, Nerve Function Recovery, Notch3, Sciatic Nerve Injury

The authors have no conflict of interest.

Corresponding author: Hongwei Gao, Ward 2, Department of Orthopedics, 
The Third Affiliated Hospital of Qiqihar Medical University, 27 Taishun 
Street, Tiefeng District, Qiqihar 161000, Heilongjiang Province, China
E-mail: ghwgzh@163.com

Edited by: G. Lyritis
Accepted 2 November 2022

Journal of Musculoskeletal
and Neuronal InteractionsJ Musculoskelet Neuronal Interact 2023; 23(1):109-121

P
ub

lis
he

d 
un

de
r 

C
re

at
iv

e 
C

om
m

on
 L

ic
en

se
 C

C
 B

Y
-N

C
-S

A
 4

.0
 (A

tt
ri

bu
ti

on
-N

on
 C

om
m

er
ci

al
-S

ha
re

A
lik

e)



110www.ismni.org

M. Wang et al.: MiRNA-206 affects the recovery of neural function by targeting Notch3

nervous system. Studies have also reported that miRNA-206 
plays an important role in the developmental differentiation of 
skeletal muscles. For example, early miRNA-206 expression 
may delay the development of spinal muscular atrophy 
(SMA) neurodegenerative disease11, and miR-206 is a new 
potential therapeutic target for the treatment of skeletal 
muscle atrophy caused by early denervation12. However, 
the molecular mechanism of miRNA-206 in the recovery of 
sciatic function remains unclear.

In addition, many signaling molecular pathways are 
also involved in the repair of the sciatic nerve, and ERK 
signaling pathway plays a clear role in the recovery of 
neural function. For example, ERK1/2 pathway is crucial 
for myelination and myelin maintenance13, acetyl-11-keto-
β-lactate acid (AKBA) can improve the phosphorylation of 
ERK signaling pathway to promote the repair of rat sciatic 
nerve injury14, JNK pathway is rapidly activated after 
nerve injury and is involved in the expression of myelin 
gene15, and taurine can improve the injury in the sciatic 
nerve axons in diabetic rats by activating the PI3K/Akt/
mTOR signaling pathway16. The inhibitory effect of STAT3 
on the recovery of nerve function is also relatively clear. 
For example, the inactivation of STAT3/IL-6 signaling 
alleviates muscle atrophy and fibrosis in denervated 
mice17, and highly expressed neurotrophic factors (NFs) 
can promote the regeneration and repair of nerves by 
inhibiting the activation of JAK2/STAT3 signaling18, and 
the activation of JAK2/STAT3 signaling can accelerate 
the proliferation and differentiation of myocytes and 
alleviate muscle atrophy19. The role of Notch signaling 

pathway in neural function remains to be explored in more 
experimental data. Literature shows that Notch signaling 
down-regulates and inhibits myelination during the 
process of myelination. There are reports also showing 
that the addition of Notch activator (Jagged1) to injured 
rat nerves can enhance nerve repair, therefore, the 
relationship between Notch and nerve repair remains to 
be confirmed by more studies. The pathways involved in 
the repair of the sciatic nerve are summarized in Figure 1. 

Nerve repair problem has been a need to find more 
treatments in the field of regenerative medicine, therefore, 
it is important to develop new therapeutic strategies to 
improve peripheral nerve repair after injury, especially those 
that can be targeted by detecting molecular changes. This 
study aimed to elucidate the relationship between miR-206 
and sciatic nerve repair, and the molecular mechanism of 
miR-206 by targeting Notch3 on nerve repair.

Materials and Methods 

Laboratory animals

In this study, a total of 24 male Sprague Dawley (SD) rats 
were purchased from Shanghai Lab Animal Research Center, 
and raised in the light and dark cycle environment with 12 
h:12 h, with the conditions as follows: the feeding temperature 
of 20-22°C, and the indoor air humidity of 50%. Laboratory 
animals were free access to normal rodent food and acidified 
sterile water during raising, and were experimented after a 
week of adaptive feeding. 

Figure 1. Map of signaling pathways in the repair of sciatic nerve
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Methods

Experimental grouping

In this study, 24 SD rats were randomly divided into four 
groups, including Sham group (had preoperative anesthesia, 
no nerve dissection was performed), Denervation group 
(model group, the sciatic nerve was disconnected by surgery), 
nerve partial anastomosis group (PAG group, the sciatic 
nerve was disconnected by surgery and partially sutured), 
and nerve anastomosis group (AG group, the sciatic nerve 
was disconnected by surgery and fully sutured).

Surgical operation

After rats were anesthetized by intraperitoneal injection 
of 1% pentobarbital sodium 40 mg/kg, the anesthetized 
rats were fixed on the operating table and then disinfected 
and clipped. Longitudinal incisions were made on the 
dorsal side of thigh. After skin incision, biceps femoris 
and quadriceps femoris muscles were exposed. The 
muscle space was separated, and the sciatic nerve was 
dissociated for 15~20 mm (for transection), which was cut 
off to establish the injury model. Suture was performed 
according to the suture techniques of Devkota et al20. The 
wound healing was observed within 1 to 2 weeks after 
surgery, and the nerve function and dynamics were tested 
for 8 weeks. 10mg of soleus muscle tissue was taken for 
the detection of relative expression of miRNA-206 and 
Notch3. 

Determination of sciatic functional index (SFI)

SFI is an important evaluation criterion to clarify 
the correlation between biomechanical function and 
histomorphology in the rat model of sciatic nerve injury. The 
specific operation referred to those of Wang et al.21, in which 
a black box was made for a footprint testing device, with a 
blank piece of paper placed at the bottom of the black box. 
The postoperative rat was dipped its metapedes in inkpad 
and placed in the black box to drive the rat from one end to 
the other. 3-4 footprints were made on each foot, and the 
following parameters were measured: 1) the distance from 
the heel to the third toe (print length; PL); 2) the distance 
from the first toe to the fifth toe (toe stretch; TS); and 3) the 
distance from the second toe to the fourth toe (intermediate 
toe stretch; ITS). SFI was calculated according to the 
following formula: SFI= -38.3 ((EPL−NPL)/NPL) + 109.5 
((ETS−NTS)/NTS)+13.3 (EITS−NITS)/NITS) - 8.8, where E is 
the experimental side and N is the normal side. SFI value= 
0±11% represents complete normal nerve function, and SFI 
value= -100% represents complete loss of nerve function.

Determination of nerve conduction velocity (NCV)

At 8 weeks after surgery, anesthesia (40 mg/kg) was given 
by intraperitoneal injection of 1% Pentobarbital Sodium, and 
the growth of nerve tissue in rats was observed through the 
original incision. NCV was detected by using the BL-420A 
biomechanical experimental system through the superior 

and inferior aspects of the thin free nerve anastomosis and 
the distal nerve. Electrode placement and determination 
parameters were performed referring to the operation of 
Devkota et al20.

Determination of tricipital muscle wet weight (TWW)

The triceps were excised intact up to the Achilles tendon 
and weighed wet (mg). The maintenance rate of TWW was 
derived by comparison between operative side and healthy 
muscles, maintenance rate of TWW = (Right TWW/Left TWW) 
* 100%.

Detection of cross-sectional area of muscular fiber

Bilateral middle gastrocnemius muscles were cut and fixed 
in 10% neutral formaldehyde, which was routinely embedded 
in paraffin and stained with H&E 24 hours later. Four clearer 
fields were randomly selected and 10 muscle fibers with 
clear and complete outlines were selected in each field, to 
measure the cross-sectional area with the Image-Pro Plus 
6.0 software. The mean cross-sectional area of 40 muscle 
fibers was the cross-sectional area of single muscular fiber.

Grip strength test of rats

Rats’ hind limbs were placed on a T-shaped bar for grip 
testing (BIOGS3, BIOGRIPBR, Bioseb, Vitrolles, France). 
The grip response of hind limbs was induced by suspending 
the forelimbs of rats with one hand and pulling the tailback 
with the other hand. The strength applied to the T-bar was 
recorded on the instrument by the grip strength sensor, 
and the mean of three tests was used to evaluate the grip 
strength change of rats’ hind limbs.

qRT-PCR for miRNA-206 in soleus muscles

Soleus muscle specimens on the operative side were 
temporarily stored in liquid nitrogen, and after all tissues 
were removed, they were stored in a -80°C refrigerator 
for long-term storage. RNA was extracted from the tissues 
with Trizol Total RNA Reagent (Shanghai Sangon Biotech, 
China, B511311-0100), and cDNA was synthesized with 
PrimeScriptTM RT Master Mix (TaKaRa, Japan, DRR036A) 
and amplified by qRT-PCR. Reaction system: cDNA 10μL, 
2μL of each of the upstream and downstream primers, 
66μL of ddH

2
O, and 20μL Of SYBR Green1. Reaction 

procedures: 95°C for 5min, 94°C for 15s, 55°C for 30s, 
for a total of 40 cycles, followed by 72°C for 30s and 
4°C for 30min. The primer sequences of miRNA-206: 
Sense: 5′-ATCCAGTGCGTGTCGTG-3′; Anti-sense 
5′-TGCTTGGAATGTAAGGAAG-3′. The primer sequences of 
U6: Sense: 5′-GCTTCGGCAGCACATATACTAAAAT-3′; Anti-
sense: 5′-CGCTTCACGAATTTGCGTGTCAT-3′.

Isolation and culture of gastrocnemius myocytes

Male SD rats with different degrees of nerve detachment 
were selected. The gastrocnemius muscle tissues were cut by 
micromanipulation, and the gastrocnemius myocytes were 
isolated and expanded in culture according to the operation of 
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DeRuiter, Gao et al22,23. After removing the fascia, the tissues 
were cut into tissue blocks which were approximately 0.5 
mm with scissors, which were then transferred to containers 
containing trypsin and collagenase for digestion. After 
digestion, the serum was immediately added to terminate 
the digestion, and the undigested tissues were separated 
by centrifugation. The supernatant was transferred to the 
culture flask, and the remaining tissue continued to digest. 
All the above operations were repeated for separating cells. 
Individual cells were isolated and purified according to the 
differential adherent method, and the cells were used for 
subsequent experiments when the density was diluted to 
3x105/ml when the cells were passaged to 3 passages.

Cell transfection

Lipofectamine 2000 (Invitrogen, CA, USA), the reagent for 
transfection, and opti-MEM (Invitrogen, CA, USA), the plasmid 
incubation solution, were all purchased from companies. 
miRNA-206 mimics (UGGAAUGUAAGGAAGUGUGUGG), 
Notch3 mimics (UGGGGGGACAGGAUGAGAGGCUGU) and 
the corresponding controls were designed and synthesized 
by the company (Invitrogen, CA, USA). When the density 

was about 75%, the medium was replaced with serum-free 
medium, and 8 μl of Lipofectamine 2000, 117 μl of plasmid 
medium opti-MEM, and 10 μl of vectors were mixed at room 
temperature for 20min. The plasmids were slowly transfected 
into cells, mixed, and then placed in an incubator for further 
culture. At 4.5 h after transfection, the medium was replaced 
with normal 15% FBS and subsequent experiments were 
performed.

Western blotting

Referring to the isolation and extraction techniques from 
Li et al.24, total protein was extracted from sciatic nerve 
tissue segments and cells with the protein cell lysis buffer. 
The lysis products were centrifuged at 12,000 rpm at 4°C 
for 20 min. After determining the protein concentration, 
the samples were separated by 8% polyacrylamide gel 
electrophoresis. The protein was then retransferred to PVDF 
membrane (Millipore, MA, USA, IPFL00010), and then closed 
with 5% skim milk and incubated with the following primary 
antibodies at 4°C: Mouse anti-Notch3 (1:1000, Millipore, MA, 
USA, APREST76106), Mouse anti-BNDF (1:1000, Sigma-
Aldrich, USA, GF029) and Rabbit anti-GAPDH (1:1000, 

Figure 2. Index detection on the establishment of the rat model of sciatic nerve transection. Note: A: Statistics of SFI in rats of the four 
groups 8 weeks after surgery; B-E: Determination of TWW, average area of gastrocnemius myocytes, nerve electrophysiology and grip 
strength test of hind limbs. Sham: Nerve exposed group not operated; Model: Denervation group; PAG: Nerve partial anastomosis group; 
AG: Nerve anastomosis group. SFI at 0 ± 11% represents the function was completely normal; -100% or below represents a complete 
loss of nerve function. *P<0.05; **P<0.01, N=5.
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Millipore, MA, USA, G5262).
The protein was incubated with secondary antibodies 

including Goat anti-rabbit IgG-HRP (1:5000, Millipore, MA, 
USA, AP112P) and Goat anti-mouse IgG-HRP (1:5000, 
Millipore, MA, USA, AP126P) at 37°C for 1 h. Finally, 
protein expression was detected with ECL Western Blotting 
Substrate Kit (Abnova, KA3725) and chemiluminescence 
imaging system (Fusion Solo system, Villber Lourmat). All 
experiments were performed three times.

Dual-luciferase reporter gene assay

The target genes for miRNA-206 were predicted with 
Starbase V2.0 online database, as well as the potential 
binding site sequences for both miRNA-206 and the target 
gene Notch3. The relationship between known genes 
and target genes was detected with the dual-luciferase 
reporter gene. The untranslated regions of the two types 
of known genes were first amplified by PCR, namely, wild-
type (WT) and mutant (MUT). Subsequently, both types of 

untranslated regions were integrated onto psiCHECK-2. 
After the successful construction of vectors, WT, MUT and 
target genes (mimics) or NC (ctrl) were co-transformed 
into isolated nerve gastrocnemius myocytes with Liposome 
2000. After 48 hours of co-incubation, the activity could 
be detected with the Dual-Glo® dual-luciferase reporter 
gene assay system.

Statistical analysis

Cell statistics and protein grayscale scanning were 
conducted with Image J (1.4.3.67 Broken symmetry 
software), and all the data were analyzed with Prism 
GraphPad 7.0 (GraphPad Software, La Jolla, CA, USA). 
All the variables in the experiment were expressed as 
mean ± standard deviation (SD), and one-way ANOVA was 
conducted to compare the mean difference between two 
or more samples. P<0.05 was considered statistically 
significant.

Figure 3. qRT-PCR for miRNA-206 expression in tissues of middle soleus muscle. Note: A: Statistics of average area of gastrocnemius 
muscle tissues of each group; B: qRT-PCR for miRNA-206 expression; C, qRT-PCR for the effect of adding miRNA-206 mimic; D: CCK-
28 for the effect of miRNA-206 on the proliferation of gastrocnemius myocytes. Sham: Nerve exposed group not operated; Model: 
Denervation group; PAG: Nerve partial anastomosis group; AG: Nerve anastomosis group. *P<0.05; **P<0.01, N=5. 
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Results

Index detection on the establishment of the rat model of 
sciatic nerve transection

The rat models of sciatic nerve transection at different 
degrees established by the suture-occluded method did not 
die. The degree of sciatic nerve transection was observed at 
4-8 weeks after surgery. As shown in Figure 2A, comparing 
this to 0 weeks, SFI of the Sham group during the 4-8 weeks 
of molding was in the range of -50% to 0%, indicating 
normal nerve function. SFI of the model group during the 
0-8 weeks was in the range of -150% to 100%, indicating a 
complete loss of neural function. SFI of the partial neurologic 
anastomoses rats in the PAG group gradually increased 
between -120% and -90% over time, indicating that the 
nerve function was gradually recovering from 0 to 8 weeks 
after surgery. SFI of the complete anastomotic rats in the 
AG group gradually increased between -100% and 0% 
from 0 to 8 weeks after surgery. The final SFI was at a time 
close to the Sham group around Week 8, indicating that the 
neural function has returned to normal. Through the SFI 
measurement of sciatic nerve, the nerve transection model 
was relatively successful, which could be used in subsequent 
experiments.

TWW, average area of gastrocnemius myocytes, NCV 
and grip strength test of hind limbs of SD rats in the four 
groups were detected to assess the sciatic function. The 
difference in the results was obvious, and the relevant data 
are shown in Figure 2B-E. SFI in the model, PAG and AG 
groups all showed abnormalities compared with the Sham 
group, and SFI in the model group was significantly lower 
by 100%, indicating a complete loss of neural function. 
Also, according to the results of the four indicators, 
including TWW, average area of gastrocnemius myocytes, 
NCV and grip strength test of hind limbs, model, PAG and 
AG groups showed reduced TWW, decreased average area 
of gastrocnemius myocytes, and lower NCV, and smaller 
grip strength of hind limbs compared to the Sham group, 
and the damaging effect in the model group was obvious. 
According to the detection data, the establishment of the 
nerve transection model was consistent with the normal 
occurrence of nerve transection in the body, indicating 
that the model was relatively well established.

miRNA-206 expression in tissues of middle soleus muscle 
and regulation

The differences in the average area of gastrocnemius 
myocytes between various tissues were more obvious 

Figure 4. Effects of miRNA-206 on BDNF expression and neural function. Note: A: Western blotting for the effect of miRNA-206 on 
BDNF expression; B: qRT-PCR for the effect of miRNA-206 on BDNF expression; C-E: Detection on TWW, average area of gastrocnemius 
myocytes and nerve electrophysiology. miRNA-206 over-expression control group: miRNA-206-ctrl; miRNA-206 over-expression 
group: miRNA-206 mimic; Sham: Nerve exposed group not operated; Model: Denervation group; PAG: Nerve partial anastomosis group; 
AG: Nerve anastomosis group. *P<0.05; **P<0.01, N=5.
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under different nerve transection (Figure 3A, *P<0.05; 
**P<0.01), therefore, isolation of tissues can be performed 
with reference to this result. The results are shown in Figure 
3B, miRNA-206 expression in the middle soleus muscle was 
different in different groups, which was the highest in the 
Sham group, gradually decreased as the nerve transection 
kept going (Figure 3B, *P<0.05; **P<0.01), and was the 
lowest in the model group, suggesting that miRNA-206 
expression may be related to neural integrity and neural 
function, and the different expression of miRNA-206 in 
transected and normal nerves may be related to the recovery 
of neural function.

To further investigate the role of miRNA-206 on 
neurological recovery, miRNA-206 mimic and miRNA-206 
ctrl were added into gastrocnemius myocytes of different 
treatment groups. The results showed that miRNA-206 
expression of miRNA-206 mimic in the gastrocnemius 
myocytes of the model group increased compared to the 
control (miRNA-206-ctrl) group (Figure 3C, *P <0.05), 
indicating that miRNA-206 mimic can be used to regulate 
miRNA-206 expression in the gastrocnemius myocytes 
of the denervation group. Meanwhile, the gastrocnemius 
myocytes of the denervation group were cultured and added 
with miRNA-206 mimic and miRNA-206 ctrl to detect the 
changes in proliferation, and the results are shown in Figure 
2D. miRNA-206 mimic treatment gastrocnemius myocytes 
showed a significantly higher proliferation than the control 

group (miRNA-206 ctrl) (Figure 3D, **P<0.01), suggesting 
that regulating miRNA-206 expression can affect the 
proliferation of denervated gastrocnemius muscles and that 
adding miRNA-206 mimic can promote the proliferation of 
denervated gastrocnemius myocytes.

Detection of the effect of miRNA-206 on BDNF expression 
and neural function

The neurotrophic factor BDNF plays an important 
role in the recovery of neural function. Therefore, it was 
determined by Western blotting, with the results shown 
in Figure 4A, which showed less BDNF expression in 
gastrocnemius myocytes of the model group (ctrl, *P<0.05). 
However, the protein expression of BDNF significantly 
increased after using miRNA-206 mimic (miRNA-206-
mimic, **P<0.01). Similarly, qRT-PCR showed that 
adding miRNA-206 mimic promoted BDNF expression in 
gastrocnemius myocytes (Figure 4B, **P<0.01), indicating 
that increasing miRNA-206 expression in denervated 
gastrocnemius myocytes can stimulate the activity of 
BDNF expression, which then contributes to the recovery of 
neural function. On this basis, miRNA-206 was regulated 
to detect the changes in three indicators related to neural 
function, as shown in Figure 4C-E. The over-expression of 
miRNA-206 (miRNA-206 mimic) significantly increased 
TWW of the model group compared with controls (miRNA-
206-ctrl) (Figure 4C, **P<0.01), and the average area 

Figure 5. Prediction of target molecule for miRNA-206. Note: A, Starbase V2.0 online database prediction for the binding site of 
mirNA-206 at the 3’UTR of Notch3; B, Dual luciferase reporter gene assay for the regulation of miRNA-206 on Notch3; C, qRT-PCR for 
the regulation of miRNA-206 on Notch3. Notch3 wild type: Notch3-3′UTR WT; Notch3 mutant: Notch3-3’UTR Mut; *P<0.05; **P <0.01, 
N=5.
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of gastrocnemius myocytes and NCV in the model group 
were also increased by miRNA-206 mimic (Figure 4D, E, 
**P<0.01), which confirmed that increasing miRNA-206 
can improve the performance of neural function and 
promotes its recovery.

Prediction of target molecule for miRNA-206

The effect of miRNA-206 on the recovery of sciatic function 
has been preliminarily verified. To probe deeply into the 
specific mechanism of miRNA-206 on the recovery of sciatic 
function, Starbase V2.0 bioinformatic analysis demonstrated 
that Notch3 is a direct target gene of miRNA-206 in 
the sciatic nerve of rats (Figure 5A). To further test the 
regulatory relationship between miRNA-206 and Notch3, 
dual-luciferase reporter results showed that compared with 
the control group (miRNA-206-ctrl), over-expression of miR-
206 (miRNA-206 mimic) decreased the luciferase activity 
of Notch3-3′UTR WT without inhibiting Notch3-3′UTR Mut 
(Figure 5B, *P<0.05). Notch3 is the target of miRNA-206 
in denervation cells, and miRNA-206 can be targeted to 
regulate mRNA activity of Notch3 (Figure 5C, *P<0.05). 

Notch3 expression and its effect on BDNF expression

The role of miRNA-206 on nerve repair has been confirmed, 
and miRNA-206 in turn can target Notch3. Therefore, we 
speculated that miRNA-206 repairs the transected sciatic 
nerve by targeting Notch3. To this end, Notch3 expression 
in the middle soleus muscle was detected in this study. The 
results are shown in Figure 6A. In the normal tissues of the 
Sham group, the protein expression of Notch3 was lower, 
which gradually increased as the nerves were gradually 
transected, and was the highest in tissues in the model group 
(Figure 6A, **P<0.01). Meanwhile, qRT-PCR results were 
consistent with this. mRNA of Notch3 was lower in the normal 
tissues of the Sham group, and Notch3 expression gradually 
increased as the nerves were gradually transected (Figure 
6B, **P<0.01). Thus, it was speculated that Notch3 may be 
involved in the recovery of neural function.

Notch3 in different transected nerve tissues has different 
expression trends. To further verify the effect of Notch3 
on nerve function, the effect of Notch3 over-expression on 
BDNF expression was detected by Western blotting, with 
the results as shown in Figure 6C, 6D. In the transected 
gastrocnemius myocytes, BDNF expression in transected 
nerve cells was reduced by Notch3 over-expression (Notch3 

Figure 6. Western blotting for expressions of Notch3 and BDNF. Note: A, Protein expression of Notch3 in different transected nerve 
groups; B, mRNA expression of Notch3 in different transected nerve groups; C, Detection on Notch3 for BDNF protein expression; D, 
Detection on Notch3 for mRNA expression of BDNF. Notch3 over-expression control group: Notch3-ctrl; Notch3 over-expression group: 
Notch3 mimic; Sham: Nerve exposed group not operated; Model: Denervation group; PAG: Nerve partial anastomosis group; AG: Nerve 
anastomosis group. *P<0.05; **P <0.01, N=5. 
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mimic) compared with control group (Notch3-ctrl) (**P<0.01), 
indicating that the over-expression of Notch3 inhibits 
neurotrophic factor expression and thus is not conducive to 
the recovery of neural function, which further verified the 
relationship between Notch3 and neurological recovery.

Effects of miRNA-206 targeting Notch3 on the recovery of 
neural function

In conclusion of the demonstration of the above-mentioned 
effects on miRNA-206 and Notch3 on the recovery of neural 
function and the verification of miRNA-206 targeting Notch3 
in denervation, it was speculated that miRNA-206 may affect 
the recovery of neural function by targeted and regulating 
Notch3 expression. To test this conjecture, miR-206 mimic 
was added simultaneously with Notch3 mimic to a component 
of gastrocnemius myocytes, further verifying the regulatory 
relationship and its effect on the neurotrophic factor BDNF 
expression. The results are shown in Figure 7A-D. Upon over-
expression of miRNA-206 in gastrocnemius myocytes of the 
model group, Notch3 was inhibited, and BDNF expression 
was up-regulated. When over-expressing Notch3, BDNF 
expression was significantly suppressed. Meanwhile, when 
miRNA-206 and Notch3 were over-expressed, the regulation 
of BDNF by miRNA-206 was blocked due to the up-regulation 
of Notch3, which was due to the over-expression of Notch3. 
Even if Notch3 was over-expressed, Notch3 was targeted and 
regulated by miRNA-206, and over-expression of miRNA-206 
inhibits Notch3 expression. At the same time, the expression 

changes of Notch3 and BDNF when overexpressing 
miRNA-206 in denervated gastrocnemius myocytes were 
detected by qRT-PCR. And the results are shown in Figure 
7B. Compared with the control group (miRNA-206-ctrl), 
over-expression of miRNA-206 inhibited Notch3 expression, 
while the expression of BDNF was up-regulated. This result 
indicated that miRNA-206 may activate the BDNF activity 
by specifically inhibiting Notch3 expression to restore the 
neural function.

Discussion

Sciatic nerve injury disorders are the most common 
neurological problem25,26, with complications including 
numbness in the legs and loss of motor control. Although 
conservative treatments can alleviate minor trauma neural 
function may not restore after severe trauma27, which will 
lead to a significant decline in patients’ quality of life26. 
In the meantime, the peripheral nerve injury is the main 
cause of permanent disability and is often accompanied by 
other skeletal muscle damage28. Human peripheral nerve 
has a high regenerative and repair capacity after trauma29, 
however, a variety of problems during nerve repair may 
lead to impaired neurological recovery, for example, the 
regeneration and proliferation rate of nerve cells is slow 
and the expression level of neurotrophic factors is low30,31. 
To this end, the various factors affecting neurological 
recovery are deeply studied, to find treatments that can 

Figure 7. miRNA-206 targeting Notch3 affects the recovery of neural function. Note: A: Western blotting for miRNA-206 regulating 
BDNF expression by Notch3; B-D: qRT-PCR for miRNA-206 regulating BDNF expression by Notch3; miRNA-206 over-expression control 
group: miRNA-206-ctrl, miRNA-206 over-expression group: miR-206 mimic; *P<0.05; **P <0.01, N=5.
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accelerate neurological recovery. 
Repair methods for nerves include ultra-micro suture 

technique32, reverse autologous transplantation (RA) 
surgical technology33, local and intravenous injection of 
mesenchymal stem cells to stimulate nerve regeneration34, 
etc., with different effects, therefore, the level of treatments 
needs to be further improved. Given the complexity and 
controversy of in vivo operation in studies on the recovery of 
sciatic function, the construction of nerve transection model 
in vitro can highly mimic the in vivo nerve injury situation35. 
In this study, the rat models of sciatic nerve transection at 
different degrees were established by the suture-occluded 
method for experiments. However, because the nerve is long 
and cylindrical, dislocation of suture, axon growth error and 
unsatisfactory repair are easy to occur during the repair 
of epineural suture, and it is visible that the technology 
still has limitations, which needs to be further improved. 
Nonetheless, the neurophysiological models provided by 
rodents are still accepted as transformation models, which 
can also provide better research methods for neural repair. 
microRNAs (miRNAs) is a non-coding RNA molecule of about 
22 nucleotides, which has a crucial role in many biological 
processes36. And the regeneration and survival of neuronal 
cells during nerve repair can be achieved by regulating miRNA 
expression37. MicroRNAs are involved in nerve injury38. 
For example, miR-142a-5p is activated in the denervated 
gastrocnemius muscle39, and direct injection of miR-30c 
stimulates myelin formation, and promotes the regenerative 
of peripheral nerves40. Most miRNAs are highly conserved, 
cell-specific, and have a strong capacity to regulate cell 
proliferation and apoptosis41. Among them, miR-206 plays 
a key role in regulating the proliferation, apoptosis, invasion 
and migration of cells42,43. While miRNA-206 highly expresses 
in skeletal muscles44, miRNA-206 protects the denervated 
muscles from atrophic12. The expression characteristics 
of miRNA-206 vary among different species. In this study, 
miRNA-206 was lower in completely transected tissues 
and cells than in nerve-exposed tissues and cells. However, 
it has been shown that miR-206 expression in patients with 
amyotrophic lateral sclerosis (ALS) increased45, suggesting 
that the difference of miRNA-206 in different samples may 
differ in species and patients. In addition, it was found that 
miRNA-206 over-expression could regulate miRNA-206 
expression in denervated gastrocnemius myocytes, further 
demonstrating that miRNA-206 expression is regulated 
in neurotrauma, which is also the first time to find that 
miRNA-206 expression can be regulated in the sciatic 
nerve, suggesting that it may have a role on neurological 
recovery. Studies in agreement with our conjecture show 
that effective regeneration of neuromuscular synapses after 
acute nerve injury requires miRNA-20611, and miR-206 may 
exert some of its partial neuroprotective effects, to alleviate 
the severity of spinal muscular atrophy (SMA)46. These 
studies are consistent with the findings of the present study, 
showing the importance of miRNA-206 for the treatment 
and prevention of neurological diseases. Neurotrophic 
factors are a family of proteins, which can regulate neuronal 

survival, synaptic function and neurotransmitter release, 
and initiate the plasticity and growth of axons within the 
adult central and peripheral nervous system47. BDNF 
belongs to the neurotrophic factor family synthesized in the 
central and peripheral nervous system48. It has been shown 
that the accelerated BDNF expression can stimulate the 
increase of cAMP levels, and accelerated the up-regulation of 
growth-related genes, tubulin, actin and growth-associated 
protein43 (GAP-43)49. BDNF can be used for the regenerative 
of the peripheral axons after injury50. In the present study, 
the over-expression of miRNA-206 was found to stimulate 
BDNF expression in the denervated cells, this implies that the 
over-expression of miRNA-206 can increase the expression 
of neurotrophic factors and contribute to the recovery of 
neural function. In addition, some studies have shown that 
miRNA-206 specifically regulates BDNF expression in 
sensory neurons51, and there is evidence that miRNA-206 
participates in the pathogenesis of AD by inhibiting BDNF 
expression in the brain52. All of these studies suggest a 
possible relationship between miRNA-206 with neurotrophic 
factors and neural function. The effect of miRNA-206 on 
sciatic function was confirmed by examining the assessment 
of SFI, TWW, the average area of gastrocnemius myocytes, 
and nerve electrophysiology, Moreover, Notch3 was found as 
a target molecule of miRNA-206, and miRNA-206 expression 
can affect the luciferase activity of Notch3, regulating Notch3 
expression. There is a study showing that Notch3 is a direct 
target gene of miRNA-206 in mice, which inhibits Notch3 
expression by binding to the 3′UTR of Notch353. This report is 
consistent with the findings of this study. In the occurrence of 
disease, Notch3 and miRNA-206 cooperate to regulate each 
other, while the regulatory mechanism of signaling pathways 
between the two needs to be explored. Besides, Notch3 
expression was found to be higher in the denervation group 
possibly due to the expression of inflammatory cytokines 
associated with Notch354, as it has been shown that Notch3 
can control the developmental process of inflammation by 
increasing p65 phosphorylation with p38 MAP kinase55. 
And the over-expression of Notch3 inhibited the activity of 
BDNF, indicating that Notch3 expression is detrimental to the 
recovery of neural function. It has been demonstrated that 
BDNF expression activates inhibition of Notch3 activity by 
over-expressing miRNA-206, thus causing the expression 
of neurotrophic factors to promote the recovery of neural 
function. Neurotrophic factors are not only modulated by 
miRNA, they in turn regulate miRNA expression56. Our 
results suggested that the over-expression of miRNA-206 
promotes BDNF expression. In contrast, BDNF expression 
during promoting the recovery of neural function will also 
promote more miRNA-206 expression and gradually restore 
neural function. It has been reported in the literature that 
BDNF is a direct target gene of miR-206 in neurons cultured 
in vitro and, in the hippocampus, in vivo, and miR-206 can 
regulate BDNF expression which is involved in the treatment 
of depression57. And Notch3 and BDNF can be co-enriched 
in breast cancer58. The above studies suggest that the miR-
206, Notch3 and BDNF may be mutually regulated in the 
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development of the disease, suggesting that the mechanism is 
that miR-206 can regulate Notch signaling pathway to affect 
BDNF expression and further influence the development of 
the disease. However, the specific relationship between the 
three remains to be further confirmed. This study merely 
addressed the relationship between miR-206 and Notch3 
in the denervation, while it was not demonstrated how both 
specifically affect neurological recovery, and whether there 
is no difference between miR-206 and normal individuals, 
which also requires in-depth inquiry at the individual level.

Finally, this study provided evidence that miRNA-206 
expression is less abundant in sciatic nerve trauma of rats, 
and that over-expressing miRNA-206 can stimulate BDNF 
expression and help to restore nerve function-related kinetic 
indicators. During this regulatory process, miRNA-206 can 
promote BDNF expression by targeting Notch3, promoting 
BDNF expression to further promote the repair and functional 
recovery of sciatic nerve injury (Figure 8). This study provided 
new insights into the treatments for sciatic nerve injury and 
the recovery of peripheral nerve function, and the specific 
mechanism of miRNA-206 in the repair and regeneration of 
peripheral nerve injury needs further confirmation.

Conclusion

In conclusion, miRNA-206 can affect BDNF expression by 
regulating Notch3 activity and ultimately act in functional 
recovery of traumatic sciatic nerve.
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