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MiR-139-5p alleviates neural cell apoptosis induced by spinal 
cord injury through targeting TRAF3
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Spinal cord injury (SCI) is a neurological trauma that 
causes loss of locomotor function and sensory deficit. 
Previous studies showed that miRNAs play a crucial role 
in SCI. This study further evaluated the potential role of 
miR-139-5p in the neural cell apoptosis after SCI in rats. 
A rat SCI model was successfully established and miR-
139-5p expression level in SCI rats was down-regulated 
compared to the sham group (sham operation group) 
determined by qRT-PCR. MiR-139-5p overexpression via 
administration with miR-139-5p agomir improved lo-
comotor functional recovery, attenuated allodynia and 
hyperalgesia and alleviated neural cell apoptosis in SCI 
rats. In addition, TRAF3 (TNF receptor-associated fac-
tor 3) was identified to be a target of miR-139-5p by 
searching the proposed target genes in TargetScan 7.1 
database. Co-transfection of miR-139-5p agomir and 
adenovirus of TRAF3 plasmids significantly improved 
functional recovery and alleviated neural cell apoptosis. 
Therefore, TRAF3 mediated the anti-apoptosis effect of 
miR-139-5p in SCI rats and miR-139-5p could be a prom-
ising candidate for SCI therapy by alleviating neural cell 
apoptosis through targeting TRAF3.
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INTRODUCTION

Spinal cord injury (SCI) is a neurological trauma 
which causes loss of locomotor function and sensa-
tion deficit and involved in high disability and mortal-
ity (Varma et al., 2013; Silva et al., 2014; Abdullahi et al., 
2016; Kadoya et al., 2016; Ahuja et al., 2017; Bhimani et 
al., 2017; Diogo et al., 2019). Although various strategies 
such as hormonal therapy and cell transplantation have 
been adopted in SCI treatment, it is still difficult to cure 
neurological defects for improving functional recovery 
of SCI patients (Nakamura & Okano, 2013; Ludwig et 
al., 2017). Previous research suggested that the primary 
injuries are closely related to mechanical insult such as 
traffic accidents, overburden and so on. Based on the 
primary injuries, the secondary injuries including neural 
cell apoptosis, excessive inflammation, vascular infarc-
tion and excitotoxicity were usually observed and pro-
longed and complicated the clinical therapies after SCI 
(Oyinbo, 2011; Anwar et al., 2016). Moreover, previous 
study demonstrated that prevention of the secondary in-

juries contributed to the recovery of SCI rats (Anwar et 
al., 2016). Therefore, more effort in the improvement of 
secondary injuries may be a promising strategy for SCI 
therapy.

MicroRNAs (miRNAs) are identified as a class of 
18-22 nucleotides non-coding short RNAs which could 
specifically complement and bind to the 3’-UTR of the 
target gene, and participate in the regulation of cell cy-
cle, growth and apoptosis, as well as the pathogenesis of 
various diseases (Croce & Calin, 2005; Hwang & Men-
dell, 2007; Chivukula & Mendell, 2008). MiRNAs have 
been shown to play a crucial role in SCI. miR-137 inhib-
its neuronal cell apoptosis after SCI by targeting MK2 
(Gao et al., 2018). miR-221 alleviated neuronal apoptosis 
induced by spinal cord ischemia-reperfusion via regulat-
ing the expression of TNF-α (tumor necrosis factor-α) 
induced protein 2 (Zhao et al., 2018). miR-9 down-reg-
ulated the expression of monocyte chemotactic protein-
induced protein 1 (MCPIP1) and led to the suppression 
of neuronal cell apoptosis in acute spinal cord injury (Xu 
et al., 2016). miR-136 protected neurocytes against apop-
tosis by targeting tissue inhibitor of metalloproteinases-3 
in spinal cord ischemia injury model (Jin et al., 2017). 

Previouse studies showed that miR-139-5p is down-
regulated in neurons, which reduced ischemia and hy-
poxia-induced neuronal apoptosis through the inhibition 
of human growth and transformation-dependent pro-
tein (HGTD-P) expression (Qu et al., 2014). However, 
whether miR-139-5p has an effect on the SCI-induced 
neuronal apoptosis has not been reported. Thus, our 
study aimed to explore the potential role of miR-139-5p 
in the neural cell apoptosis after SCI in rats. We found 
that miR-139-5p reduced SCI-induced neural cell apop-
tosis through targeting TNF receptor-associated factor 3 
(TRAF3). Therefore, miR-139-5p could be a promising 
candidate for SCI therapy by alleviating neural cell apop-
tosis through targeting TRAF3.

MATERIALS AND METHODS

Animals. Adult male Sprague–Dawley (SD) rats (Yi-
son Bio, Shanghai, China) weighing 180–220 g (6–8 
weeks) were fed in plastic chambers with a 12 h light/
dark cycle from 8:00 am in the morning to 8:00 pm in 
the evening. All rats were raised in the same tempera-
ture-controlled room of (25°C) with adequate water and 
food. Rats were euthanized 4 weeks after SCI, and then 
their brains were removed for the following experiments. 
Then, the expression of TRAF3 was detected using, 
Western blotting and immunohistochemistry. Meanwhile, 
microRNA expression was detected by real-time PCR. 
The experimental procedures and animal care were per-
formed and approved by the Institutional Animal Care 
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and Use Committee of the fifth affiliated hospital of 
Zhengzhou University (approval NO.2017Z086).  

Establishment of SCI model. Establishment of the 
SCI model in rats was performed as described before 
(Liu et al., 2015; Liu et al., 2004). Rats were randomly 
divided into two groups (sham operation group (sham 
group) (n=6) and SCI (n=6)). The spinal cord injuries 
were then produced by moderate contusion using the 
Allen’s weight drop apparatus at thoracic vertebra level 
8. The rats were anesthetized with pentobarbital (50 mg/
kg, intraperitoneally). After anesthetization, a laminecto-
my was carried out at thoracic vertebra level 8 (T8) to 
expose the spinal cord. The spinal cord was then mod-
erately contused by a modified Allen’s weight-drop ap-
paratus (2.5 mm in diameter, 10 g weight dropped from 
a height of 12.5 mm) to produce SCI. Sham animals re-
ceived a dorsal laminectomy, then underwent a T8 lami-
nectomy only, without weight drop injury. When rats de-
veloped bilateral hindlimb twitching and tail flicking, the 
successful establishment of SCI model was confirmed. 

Administration of miR-139-5p agomir and adeno-
virus of TRAF3 plasmids. For intrathecal injection ex-
periments, drugs were delivered via intrathecal catheter. 
Then, MiR-139-5p agomir (20 nM in a total volume of 
5 μl), negative control (NC) or adenovirus of TRAF3 
plasmids (109 TU/mL in a total volume of 10 μl) were 
given after 1 h of SCI on the first day for 10 consecu-
tive days. All the rats were fasted for 12h from the food 
and fasted 4h from water before operation. The rats 
were kept warm during the operative process. Rats were 
anesthetized with intramuscular 10% Chloral Hydrate 
(3.5 mg/kg) solution (Yaksh et al., 1976; Hama et al., 
2009; Jergova et al., 2016). MiR-139-5p agomir and NC 
agomir were synthesized by GenePharma (Suzhou, Chi-
na) and adenovirus of TRAF3 plasmids was purchased 
from Genecreate (Wuhan, China). The oligonucleotide 
sequence of miR-139-5p agomir was described as before 
(5’ GACCUCUGUGCACGUGACAUCU 3’) (Qu et al., 
2014). Rats were then euthanized at indicated time and 
samples were harvested for the further analysis. 

Basso, Beattie and Bresnahan (BBB) Assay. We 
determined the locomotor function of the rats in dif-
ferent groups once a week as described before (Basso 
et al., 1995). Three independent observers evaluated the 
locomotor function according to BBB locomotor rating 
scale. It was performed by scoring ranging from 0 (indi-
cated no observable movement) to 21 (indicated normal 
movement) in each group and the average was deter-
mined as the final score. All BBB Scales of SCI Group 
are 0. Moving slowing was often found in Sham group, 
but this phenomenon returned to normal at the 4th or 
5th day after operation. BBB score of Sham group was 
significantly higher than SCI group (p<0.05). The move-
ment included hindlimb movement, joint movement, gait 
stability, and the position of the claw and tail. Observa-
tions were performed at 8–12 pm daily, and 5 min were 
required to observe each rat along with bladder empty-
ing.

Paw withdrawal threshold and thermal with-
drawal latency assessment. Mechanical allodynia was 
determined by examining the paw withdrawal thresh-
old (PWT) with electronic Von Frey filaments (North 
Coast Medical, Gilroy, CA, USA). Thermal hyperalgesia 
was assessed by testing the thermal withdrawal latency 
(PWL) with a BME-410C thermal pain stimulator (Chi-
nese Academy of Medical Sciences, Beijing, China). The 
device consists of a box placed upon 2 separate heating 
plates. Temperatures of heating plates increase at a rate 
of 5°C per second and are controlled by temperature 

controllers. When perceiving the thermal stimulus, the 
animal typically escapes to the opposite nonheated plate 
(Tabo et al., 1998; Choi et al., 2012). Each measurement 
was repeated 3 times every 15 minutes and an average 
was taken as threshold. This evaluation was conducted 
once a week after SCI surgery.

Hematoxylin-Eosin (HE) staining. Neuronal dam-
age was assessed using of HE staining. At 72 h post-
injury, the spinal cord tissue sections were harvested 
and fixed with 4% PFA (Paraformaldehyde). After 12 h, 
coronal spinal cord slices (4 μm) located at 400 μm ros-
tral to the injury epicenter were selected for analyses. 
The sections were stained with 0.5% cresyl violet acetate 
for 15 min and the staining were counted via Image-Pro 
Plus 6.0 software.

TUNEL (terminal dexynucleotidyl transferase 
(TdT)-mediated dUTP nick end labeling) staining. 
TUNEL assay kit (abcam, ab66110, USA) was used to 
determine apoptosis, according to the manufacturers’ 
directions. First, spinal cord fixed sections were heated 
to 60°C for 1 h. And then, according to the standard 
guidelines, the fixed tissue were dewaxed and rehydrated. 
The sections were incubated with an appropriate con-
centration of working liquid protease K for 15 min, at 
room temperature. After washing with PBS, tissue sec-
tions were covered with TUNEL reaction liquid at 37°C 
for 1 h followed with DAPI. The cells were recorded in 
5 random fields under a photomicroscope (200× magni-
fication; IX71 Olympus). Numbers of TUNEL positive 
cells (with green fluorescent) were counted via Image-
Pro Plus 6.0.

Dual-luciferase reporter assay. HEK-293T cells 
were purchased from BeNa Culture Collection Company 
(Kunshan, Jiangsu, China). HEK-293T cells were co-
transfected with 1 μg of the Renilla control luciferase 
vector (Promega, Madison, WI, USA) and 1 μg of the 
firefly-tagged pGL3 promoter luciferase vector (Pro-
mega) containing wild-type or mutant TRAF3 3’-UTR 
by using FuGENE in each well (Roche Molecular Bio-
chemicals). Additionally, each well was co-transfected 
with the miR-139-5p mimics or NC mimics (100 nM). 
Transfected cells were cultured for another 48 hour and 
then lysed for luciferase activity detection with a dual lu-
ciferase assay system (Promega). Results were shown as 
the relative value of firefly/Renilla. 

Cell culture. HEK293T or VSC4.1 cells were seed-
ed at a density of 5×104/cm2 in collagen coated 6-well 
plates with DMEM/Ham’s F12 medium supplemented 
with 10% fetal bovine serum and incubated at 37°C un-
der a humidified atmosphere of 5% CO2.

Real-time polymerase chain reaction (qRT-PCR). 
Samples of injured spinal cords were collected at 28 
days after SCI surgery and total RNA were extracted 
using RNA simple total RNA kit (Tiangen biotech, Bei-
jing, China) according to the manufacturer’s instructions. 
The concentration and quality of total RNA were deter-
mined by spectrophotometric determination at 260/280 
nm, and equal amounts of RNA from each sample 
were reverse-transcribed to cDNA for quantitative  
RT-PCR with the QuantMir RT KIT (System Bioscienc-
es, Mountain View, CA, USA). Real-time PCR was then 
carried out and the miR-139-5p-specific forward primer 
sequence was designed based on the miRNA sequence. 
Results were normalized to rat U6 snRNA. The cDNA 
was synthesized from 1 μg of total RNA in a 25 μl vol-
ume. Real time PCR was carried out with the reagents of 
a Sybr Green I Mix (Takara, Japan) in a 20 μl reaction 
volume (10 μl Sybr Green I Mix, 200 mM forward and 
reverse primers, 1 μl cDNA template) on an MJ Opti-
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con Monitor chromo4 instrument (Bio-Rad, USA) us-
ing the following protocol: 95°C for 20 s; 40 cycles of 
95°C for 10 s, 60°C for 20 s, 70°C for 1 s. Forward 
primer for miR-139-5p: 5′GCGGCGGTCTACAGTG-
CACGTG3′. Reverse primer for miR-139-5p: 5′ATC-
CAGTGCAGGGTCCGAGG3′ U6 forward primer, 
5-ACGCA AATTCGTGAAGCGTT-3, reverse primer, 
Uni-miR qPCR primer. 

Western blotting. The protein samples of injured spi-
nal cords were extracted with RIPA (Radio-Immunopre-
cipitation Assay) lysis buffer. The equal amount of pro-
teins from each sample were separated by SDS-PAGE 
(sodium dodecyl sulfate–polyacrylamide gel electropho-
resis) and then transferred onto nitrocellulose mem-
branes (Millipore). After the membranes blocked with 
5% skim milk in PBS, the membranes were incubated 
with primary antibodies for overnight at 4°C. Primary 
antibodies in this study including TRAF3 (SAB1406552, 
1:500), Bcl-2 (PRS3335, 1:1000), Bax (B3428, 1:500), 
Cleaved-caspase-3 (C9598, 1:500), and GAPDH (G9295, 
1:2000) were purchased from Sigma-Aldrich (St. Louis, 
MO, USA). After washing with PBST for four times (5 
minutes for each time), the membranes were incubated 
with the HRP-conjugated secondary antibodies (Beyo-
time biotechnology). Then bands were visualized using 
a ECL kit (Pierce, USA) and a Tanon analysis system 
(Biorad, USA) and quantified by ImageJ (the band inten-
sity of total proteins was normalized to loading control, 
GAPDH).

Measurement of caspase-3 activity. The tissue sam-
ples were obtained after SCI. The injury spinal cord tis-
sues were obtained and processed to tissue homogenate. 
After centrifugation at 1 000×g at 4°C for 10 min, each 
supernatant was transferred to a fresh 1.5-ml centrifuge 
tube on ice, and protein concentration was determined 
with a BCA assay kit (Thermo Scientific, USA).  Cas-

pase-3 activity was measured spectrophotometrically 
by using caspase-3 activity assay kit (G015, Nanjing Ji-
ancheng, Nanjing) in the supernatant according to the 
corresponding kit instructions.

Statistical analysis. All results in the present study 
were presented as the mean ± standard deviation (SD). 
Data were analyzed using either a one-way ANOVA 
with Bonferroni’s correction for comparison of multiple 
groups or an independent Student’s t-test for compari-
son of two groups. The software GraphPad Prism 6.0 
was used for data analysis. p<0.05 was considered as sta-
tistical significant.

RESULTS

MiR-139-5p was down-regulated in SCI rats

The SD rat SCI model was established by moderate 
contusion of spinal cord. BBB scores at 0, 7, 14, 21 and 
28 days after injury were examined to assess locomotor 
function recovery. The BBB scores in the SCI group 
were significantly decreased compared with the sham 
group (sham operation group) after SCI and gradually 
elevated throughout the experimental process (Fig. 1A). 
The expression of miR-139-5p was detected by qRT-
PCR and the results showed that miR-139-5p level was 
significantly decreased in SCI group (Fig. 1B). Mechani-
cal allodynia and thermal hyperalgesia presented as PWT 
and PWL were then further examined. Our data showed 
that PWT and PWL were remarkably decreased in the 
SCI group at different time point during the complete-
ly experimental period. This suggested that SCI caused 
significant decrease in mechanical allodynia and thermal 
hyperalgesia (Fig. 1C and 1D). HE staining showed that 
the Sham group has no spinal cord loss and syringo-

Figure 1. Increased expression of miR-139-5p in SCI rats. 
(A) The BBB scores at 0, 7, 14, 21 and 28 days after SCI. (B) Decreased miR-139-5p expression in SCI rats. (C) PWT were detected. (D) PWL 
were tested at 0, 7, 14, 21 and 28 days after SCI. N=5, **p<0.01 or ***p<0.001 refers to the comparison between sham group and SCI 
group. (E) HE staining of spinal cord sections located at 400 μm rostral to the injury epicenter. N=5 in each group. Scale bar=200 μm. 
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mymal formation, while the HE staining of SCI group 
was lighter and tissue structure was disordered compared 
with that of Sham rats (Fig. 1E). These results demon-
strated that the rat SCI model was successfully estab-
lished and miR-139-5p was down-regulated in SCI rats.

MiR-139-5p overexpression alleviates neural cell 
apoptosis after SCI 

To clarify the effect of miR-139-5p on spinal cord 
injuries, SCI rats were treated with miR-139-5p agomir 
or NC agomir for miR-139-5p overexpression by local 
intrathecal injection into the cord. qRT-PCR results 
indicated high efficacy of miR-139-5p overexpression 
by agomir injection (Fig. 2A). The BBB scores were 
significantly increased in miR-139-5p agomir group. 
This result suggested up-regulation of miR-139-5p 
significantly improved locomotor functional recovery 
(Fig. 2B). Moreover, PWT and PWL were also sig-
nificantly elevated suggesting that miR-139-5p ago-
mir overexpression attenuated allodynia (pain due to 
a stimulus that does not usually provoke pain) and 
hyperalgesia (increased pain from a stimulus that usu-

ally provokes pain) caused by SCI in rats (Fig. 2C). 
The effect of miR-139-5p on neural cell apoptosis was 
then examined. Caspase-3 activity was dramatically in-
creased due to spinal cord injuries and then profound-
ly decreased after miR-139-5p agomir treatment (Fig. 
2D-E). In addition, the expression of Bcl-2 was mark-
edly decreased in the SCI group whereas increased 
in miR-139-5p agomir group, and the expression of 
Bax and caspase-3 showed consistent results (Fig. 2F). 
These data suggested that overexpression of miR-139-
5p improved spinal cord injuries by alleviating neural 
cell apoptosis. 

TRAF3 is a target of miR-139-5p

105 potential target genes of miR-139-5p were ex-
amined by searching of TargetScan 7.1 database and 
filtered through the DAVID website. In this study, 
we specifically chose TRAF3 as a target of miR-139-
5p based on two principles. The protein is related 
to apoptosis and has not been reported. In addition, 
TRAF3 was selected by literature review. The com-
plementary sequence of miR-139-5p was observed in 

Figure 2. MiR-139-5p overexpression improved locomotor functional recovery, attenuated allodynia and hyperalgesia and alleviated 
neural cell apoptosis in SCI rats. 
(A) Up-regulated miR-139-5p expression by miR-139-5p agomir. (B) The BBB scores at indicated time. (C) PWT and PWL were detected at 
0, 7, 14, 21 and 28 days after SCI. (D) Elevation of miR-139-5p significantly suppressed apoptosis in SCI rat models as detected by TUNEL 
staining. All experiments were repeated in triplicate and all data were shown as mean ± S.D. (N=6, each group). (E) Caspase-3 activity 
in various groups. (F) Bcl-2, Bax and Cleaved caspase-3 level. N=6, **p<0.01 and ***p<0.001 refer to the group compared with the sham 
group. ##p<0.01 refers to the group compared with the group of SCI + NC agomir.



Vol. 67       363MiR-139-5p alleviates neural cell apoptosis

3’-UTR of TRAF3 mRNA. Our data showed that lu-
ciferase activity of TRAF3 of wild-type (WT) 3’-UTR 
was significantly decreased upon overexpression of 
miR-139-5p whereas mutant 3’-UTR of TRAF3 was 
not influenced (Fig. 3A). Furthermore, the TRAF3 
protein expression was detected by Western blotting 
in VSC4.1 cells treated with NC mimic, miR-139-5p 
mimic, NC inhibitor or miR-139-5p inhibitor. These 
results showed that overexpression of miR-139-5p de-
creased the expression of TRAF3 while miR-139-5p 
knockdown up-regulated the expression of TRAF3 

(Fig. 3B). These data demonstrated that TRAF3 is a 
target of miR-139-5p. 

MiR-139-5p alleviates neural cell apoptosis by targeting 
TRAF3

Since TRAF3 was proved to be  the target of miR-
139-5p, SCI rats were administrated with miR-139-5p 
agomir and adenovirus of TRAF3 plasmids to check 
whether TRAF3 mediated the anti-apoptosis effect of 
miR-139-5p in SCI rats. qRT-PCR results suggested high 
efficacy of TRAF3 overexpression (Fig. 4A). The BBB 

Figure 3. TRAF3 is a target of miR-139-5p. 
(A) The putative binding site of miR-139-5p and TRAF3 (left); Luciferase activity of TRAF3 with wild-type or mutated 3’-UTR in HEK-293T 
cells (right). (B) The TRAF3 protein expression in VSC4.1 cells with various treatments. **p<0.01 and ***p<0.001 refers to the comparison 
between groups transfected with miR-139-5p control and mimic.

Figure 4. MiR-139-5p alleviates neural cell apoptosis by targeting TRAF3. 
(A) TRAF3 overexpression in SCI rats. (B) The BBB scores at indicated time. (C) PWT and PWL were detected at 0, 7, 14, 21 and 28 days 
after SCI. (D) Caspase-3 activity in various groups. (E) TRAF3, Bcl-2, Bax and Cleaved caspase-3 level. N=6, each group. *P<0.01, **P<0.01 
and ***P<0.001 refer to the group compared with the group of NC agomir + control.  #p<0.01 and # #p<0.01 refer to the group com-
pared with the group of miR-139-5p agomir + control.
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scores indicated a significant increase in locomotor func-
tional recovery by miR-139-5p overexpression. However, 
this effect was abolished by overexpression of TRAF3 
(Fig. 4B). Furthermore, PWT and PWL were also sig-
nificantly increased by overexpression of miR-139-5p by 
agomir and the effect was reversed by TRAF3 overex-
pression in the group of miR-139-5p agomir + TRAF3 
(Fig. 4C). Caspase-3 activity was significantly decreased 
due to miR-139-5p overexpression whereas TRAF3 over-
expression increased caspase-3 activity (Fig. 4D). Similar-
ly, the effects of miR-139-5p on the TRAF3, Bcl-2, Bax 
and cleaved caspase-3 expression were observed, indicat-
ing that TRAF3 acts as a mediator involved in the anti-
apoptosis effect of miR-139-5p in SCI rats (Fig. 4E). 
These results suggested that miR-139-5p reduced neural 
cell apoptosis by targeting TRAF3.

DISCUSSION

Spinal cord injury (SCI) is characterized by high disa-
bility and mortality due to the complicated nature of this 
disease despite various treatment strategies have been 
developed (Branco et al., 2007; Silva et al., 2014; Ahuja 
et al., 2017; Ghali & Neuroscience 2017). Numerous evi-
dences have suggested that the pathogenesis of SCI is 
associated with a variety of miRNAs including miR-137 
(Gao et al., 2018), miR-221 (Zhao et al., 2018), miR-9 
(Xu et al., 2016), and miR-136 (Jin et al., 2017). In our 
study, miR-139-5p was confirmed to be related to SCI 
with decreased expression in SCI rat  model. MiR-139-
5p overexpression improved locomotor functional recov-
ery, attenuated allodynia and hyperalgesia and alleviated 
neural cell apoptosis in SCI rats. In addition, TRAF3 
was shown to be a target of miR-139-5p by searching in 
the TargetScan 7.1 database and further studies verified 
that TRAF3 mediated the anti-apoptosis effect of miR-
139-5p in SCI rats. 

The role of miR-139-5p in the regulation of apop-
tosis in several cell types has been reported  (Zhang et 
al., 2014; Huang et al., 2017). Other studies showed that 
miR-139-5p induced apoptosis in uterine leiomyoma cells 
(Chen et al., 2016), primary lung cancer cells (Sun et al., 
2015), airway smooth muscle cells (Zhang et al., 2017) 
and diabetic rat pancreatic cells (Li et al., 2017). There-
fore, miR-139-5p was considered as a pro-apoptotic fac-
tor in the pathogenesis of several diseases. However, 
emerging evidence reveals the role of miR-139-5p as a 
context-dependent regulatory factor which acts as either 
a pro-apoptotic or an anti-apoptotic factor. For instance, 
miR-139-5p was found to be an anti-apoptotic factor in 
hypoxia–ischemia brain damage by inhibiting the neural 
cell apoptosis (Qu et al., 2014). In our study, miR-139-
5p was also observed to have an anti-apoptotic effect on 
neural cell apoptosis in rats after SCI which further sub-
stantiate the anti-apoptotic role of miR-139-5p. 

TNF receptor associated factor 3 (TRAF3) has been 
identified as a member of the TRAF family of intracel-
lular signaling proteins (Saha & Cheng 2006; He et al., 
2007; Yi et al., 2014). Studies suggested that TRAF3 me-
diated apoptosis in several cell types. Increased expres-
sion of TRAF3 enhanced CD40 ligand (CD154)-induced 
human urothelial cell apoptosis by activating the c-Jun 
N-terminal kinase (JNK)/activator protein-1 (AP-1) 
pathway (Georgopoulos et al., 2006). TRAF3 also plays 
the pro-apoptotic effect via phosphorylation of ASK-1 
and MKK4 followed by JNK activation (Dunnill et al., 
2017). TRAF3 serves as a target of miR-322 to enhance 
the high glucose-induced apoptosis of neural stem cells 

(Gu et al., 2015). Furthermore, Ya Wu and others (Wu 
et al., 2014) established an acute SCI model and revealed 
that TRAF3 was remarkably up-regulated after SCI (Wu 
et al., 2014). In the present study, TRAF3 was found to 
be the target of miR-139-5p and functional studies sug-
gested that TRAF3 mediated the anti-apoptotic effect of 
miR-139-5p in SCI rats. 

Since accumulated evidences have revealed that the 
secondary injuries after SCI prolonged and complicat-
ed the clinical therapies (Oyinbo 2011), it is a promis-
ing strategy to focus on alleviating the secondary inju-
ries such as cell apoptosis after SCI. In our study, the 
anti-apoptotic effect of miR-139-5p was verified in SCI 
rats. Furthermore, we found that the expression of miR-
139-5p was elevated in SCI rats. Meanwhile, our results 
suggested that upregulation of miR-139-5p could inhibit 
the expression of TRAF3, suggesting that miR-139-5p 
maybe a marker of apoptosis after SCI. Moreover, we 
verified that TRAF3 was a direct target of miR-139-5p 
through a constructed luciferase assay. Furthermore, we 
elucidated that miR-139-5p alleviated neural cell apopto-
sis by targeting TRAF3. Finally, by using a rat model, 
we demonstrated the protective effect of miR-139-5p on 
apoptosis after spinal cord injury. Our findings revealed 
that miR-139-5p inhibited apoptosis after spinal cord in-
jury via the targeting of TRAF3. The outcomes of the 
present study might indicate a new therapeutic target for 
treatment of SCI. .
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