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Abstract: Inflammatory response and apoptosis play an important role in progression of spinal cord injury (SCI). 
Recently, aberrant microRNAs (miRNAs) have emerged as a key regulator in SCI. However, it remains unknown 
whether and how miRNAs mediated the inflammatory response after SCI. The aim of this study was to evaluate the 
potential role of miRNAs in SCI and elucidate underlying molecular mechanisms. First, we analyzed the microRNA 
expression profile in spinal cords from rats following SCI, using miRNA microarray. Interestingly, miR-182-5p was one 
of miRNAs most significantly downregulated in SCI. It has been reported as an inflammation suppressor in different 
organ injury models. Here, we used a cell model to verify the regulatory function and mechanism of miR-182-5p on 
inflammatory response in SCI. Overexpression of miR-182-5p attenuated H2O2-induced inflammation as reflected by 
reduction in proinflammatory cytokines in C8-D1A cells. Meanwhile, enhanced miR-182-5p expression significantly 
suppressed H2O2-induced apoptosis. Toll-like receptor 4 (TLR4), an important regulator of nuclear factor kappa-B 
(NF-κB) signaling pathway, was identified as a novel target of miR-182-5p in C8-D1A cells. Furthermore, overex-
pression of TLR4 reversed inhibitory effects of miR-182-5p overexpression on inflammation and apoptosis. More 
importantly, we found that miR-182-5p blocked phosphorylation of nuclear p65 and promoted phosphorylation of 
IκB-α in H2O2-treated C8-D1A cells. Our results confirm that miR-182-5p alleviates inflammation and apoptosis via 
inactivation of TLR4/NF-κB pathway in an H2O2-induced cell model. Our findings suggest that miR-182-5p may be a 
potential therapeutic target of SCI in the future. 
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Introduction

Spinal cord injury (SCI) is a damaging condition 
leading to the loss of sensory and motor func-
tions [1, 2]. In the USA, approximately 12,000 
new cases with SCI per year have been report-
ed with nearly $40.5 billion per year in costs. 
[3]. Despite improvements in medical care, 
treatment of SCI has remained a serious chal-
lenge. Given the key role of inflammatory res- 
ponse in secondary injury, targeting the reduc-
tion of secondary inflammation holds promising 
potential for SCI patients. Several studies have 
proven that prevention of inflammation could 
promote neuronal recovery after SCI in rats 
[4-6]. However, detailed mechanisms of such 
inflammatory response in SCI are not fully 
understood.

microRNAs (miRNAs) are a class of 21-23 nucle-
otides long small non-coding RNA molecules 
that function as regulatory molecules in many 
biological processes such as cell growth, apop-
tosis, cell-cycle, and even the pathogenesis of 
several diseases by specifically binding to com-
plementary sequences at 3’-UTR of their target 
genes [7-9]. An increasing number of studies 
have been carried out to characterize miRNA 
expression and function in SCI. For example, Hu 
et al. identified changes in miRNA profiles in spi-
nal tissue of SCI rats and found that miR-21 
was downregulated and played an important 
role in limiting secondary cell death following 
SCI [10]. Zhu et al. showed that miR-449a inhib-
ited expression of neuronal markers nestin, 
NeuN, and CGRP and promoted cellular apo- 
ptosis and inflammation in SCI rats [11]. How- 
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ever, studies on miRNA after SCI are limited, 
especially concerning their effect on inflam- 
mation.

In the present study, we performed microarray 
analysis to investigate expression profiles of 
miRNAs in SCI rats. We selected miR-182-5p to 
further explore its function and mechanism in 
regulating production of inflammatory factors 
and apoptosis using an SCI cell model. This 
study should improve awareness of miR-182-
5p regulation after SCI and inform future direc-
tion of treatments for patients with SCI.

Materials and methods

Experimental animals 

A total of 12 female Sprague-Dawley (SD) rats 
(220-250 g) were purchased from the Animal 
Center of the Chinese Academy of Sciences 
(Shanghai, China). All animal procedures were 
conducted in accordance with guidelines and 
were reviewed and approved by the Institution- 
al Animal Care and Use Committee of the Sixth 
People’s Hospital Affiliated to Shanghai Jiao- 
tong University. All rats were randomly divided 
into 2 groups: Sham group (n = 6) and SCI group 
(n = 6). All animals were housed in individual 
cages in a temperature- and light cycle-con-
trolled environment with free access to food 
and water.

Establishment of contusion SCI model

Rats were intraperitoneally injected with 10% 
chloral hydrate (400 mg/kg). A rat model of 
contusion was established by heavy impact 
according to the method established by Zhang 
et al. [12]. Briefly, the skin was incised along 
the midline of the back after sterilization and 
the vertebral column was exposed. A laminec-
tomy was performed at the T9 level. A 10 g 2 
cm-diameter metal rod was vertically dropped 
from a 25 mm height to impact the exposed 
spinal cord and to cause SCI. Sham groups 
received the same surgical procedure but sus-
tained no impact injury. 

Microarray analysis

Total RNA was harvested from spinal cord after 
SCI using miRNeasy mini kit (Qiagen), following 
manufacturer protocol. RNA quality and quan-
tity were determined using Nanodrop 2000 
spectrophotometer (Thermo Scientific, Wal- 

tham, MA, USA). Total RNA was labeled using 
miRCURY™ Hy3™/Hy5™ power labeling kit 
(Exiqon Inc., Woburn, MA, USA) and hybridized 
on miRCURY™ LNA Array (v18.0) (Exiqon, Co- 
penhagen, Denmark). After washing and stain-
ing, the arrays were scanned in an Agilent 
G2565BA Microarray Scanner System (Agilent 
Technologies, Santa Clara, CA, USA). Scanned 
images were then imported into GenePix Pro 
6.0 software (Axon) for grid alignment and data 
extraction. Three numbers of replicates were 
conducted in each group. Observations with 
adjusted p-values ≥ 0.05 were removed and 
excluded from further analysis. A heat map of 
the 55 microRNAs most obvious differences 
was created using a method of hierarchical 
clustering by GeneSpring GX, version 7.3 
(Agilent Technologies, California, United Stag- 
es). 

Quantitative real-time PCR analysis

For miRNA, total RNA was isolated from spinal 
cord tissues and cells using miRNeasy mini kit 
(Qiagen), following manufacturer protocol. 
cDNA was synthesized using miRNA specific 
stem-loop primers (Applied Biosystems, Foster 
City, CA, USA). For mRNA, total RNA was isolat-
ed from cancer cells using TRIzol®. Reverse 
transcription was performed according to the 
instructions of PrimeScript RT Kit (Takara 
Biotechnology Ltd., Liaoning, China). qRT-PCR 
assays were carried out using SYBR Green 
Master Mixture (Roche) reagent on a 7500 Fast 
Real-Time PCR System (Applied Biosystems, 
USA). Primer sequences were as follows: miR-
182-5p, forward 5’-GGCTCAAGAATCTACATTT- 
CAACAG-3’ and reverse 5’-ACACACCCCCACTA- 
CAGGGCTCT-3’; TLR4, forward 5’-AGTTGATC- 
TACCAAGCCTTGAGT-3’ and reverse 5’-GCTG- 
GTTGTCCCAAAATCACTTT-3’; U6 forward: 5’- 
GCTTCGGCAGCACATATACTAAAAT-3’, reverse: 5’- 
CGCTTCACGAATTTGCGTGTCAT-3’. GAPDH, for-
ward 5’-CTGGGCTACACTGAGCACC-3’, and re- 
verse 5’-AAGTGGTCGTTGAGGGCAATG-3’. Ex- 
pression of miR-182-5p and TLR4 was normal-
ized to U6 and GAPDH, separately, and relative 
expression was calculated by comparative CT 
(2-ΔΔCT) method. 

Cell culture and treatment

Murine astrocyte C8-D1A (Cat No. CRL-2541) 
was purchased from ATCC and cultured in 
DMEM (Abcam, Cambridge, MA) media supple-
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mented with 10% fetal bovine serum (FBS, 
Gibco, Rockville, MD) and 1% pen-strep at 37°C 
in a humidified atmosphere with 5% CO2. For 
H2O2 intervention, a final concentration of 10 
μM H2O2 (Sigma, St. Louis, MO, USA) was added 
into the cultured C8-D1A cells for 12 hours, 
according to a previous study.

Cell transfection

miR-182-5p mimics, miR-182-5p inhibitor, and 
negative control were obtained from Ribobio 
(Guangzhou, China). For enforced expression of 
TLR4 in C8-D1A cells, open reading frame 
region of human TLR4 gene was amplified and 
inserted into the pcDNA3.1 eukaryotic expres-
sion vector (Invitrogen, USA). Before transfec-
tion, C8-D1A cells were cultured in a 6-well cul-
ture plate at a density of 2×105 cells per well for 
24 hours. miR-182-5p mimics, miR-182-5p 
inhibitor, and negative control or 2 μg/ml TLR4 
plasmid was then transfected into C8-D1A cells 
with the use of Lipofectamine 2000 (Invitrogen), 
according to the manufacturer instructions, for 
24 hours. Then, 200 μM H2O2 exposure was 
performed.

Cell apoptosis

After 48 hours of H2O2 treatment, cells were 
collected and then stained with 5 μL Annexin 
V-FITC and 5 μL PI (BD Biosciences, USA). 
Subsequently, cell apoptosis was analyzed by 
flow cytometry (Becton Dickinson, USA). Anne- 
xin V-positive cell population was considered as 
apoptotic cells.

Enzyme-linked immunosorbent assay

To determine the release of inflammatory cy- 
tokines, cell supernatants were removed and 
levels of tumor necrosis factor (TNF) α, inter- 
leukin (IL) 1β, and interleukin (IL) 6 were mea-
sured with use of the Valukine ELISA kit (R&D 
Systems), according to manufacturer instruc- 
tions. 

Luciferase reporter assay

The 3’-UTR sequence of TLR4, together with a 
corresponding mutated sequence, was synthe-
sized. They were then embedded into the pmiR-
GLO vector (Promega, Madison, WI, USA), 
named wt-TLR4 3’-UTR and mt-TLR4 3’-UTR, 
respectively. For luciferase reporter assay, 

HEK293T cells were transfected with wt-TLR4 
3’-UTR or mt-TLR4 3’-UTR and miR-182-5p mim-
ics, miR-182-5p inhibitor, or their correspond-
ing negative controls. Cells were collected 48 
hours after transfection and assayed with 
Luciferase Reporter Assay System (Promega 
Corporation, Madison, Wisconsin, USA). To cor-
rect efficiencies of transfection and gathering, 
Renilla luciferase expressed by pRL-TK was co-
transfected as an internal control. Tests were 
repeated in triplicate.

Western blotting assay

Cells were harvested after intervention treat-
ment and cellular proteins were extracted us- 
ing RIPA lysis buffer. Protein concentration  
was determined using BCA Protein Assay Kit 
(Beyotime Biotechnology, China). 20-40 μg pro-
teins of each sample were separated via 10% 
SDS-PAGE and then transferred to a PVDF 
membrane (Millipore Corporation, Billerica, MA, 
USA). The membrane was blocked with 10% 
skimmed milk (in PBS, PH 7.2, containing 0.1% 
Tween-20) for 1 hour at room temperature. 
Primary antibodies against cleaved caspase 3, 
total caspase 3, TLR4, nuclear p-p65, p-IκBα 
(1:2000, Cell Signaling Technology, Danvers, 
USA), and β-actin (1:2000, Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) were incu-
bated with the membranes at 4°C overnight. 
Detection was by peroxidase-conjugated sec-
ondary antibodies (1:2000, Abcam, Cambridge, 
UK)) and chemiluminescence (Milipore Cor- 
poration). Densitometry analysis was per-
formed using Image J software.

Statistical analysis

Statistical analysis was performed using SPSS 
15.0 (SPSS, Chicago, IL, USA). Quantitative 
data are presented as mean ± standard devia-
tion (SD). Comparison between data was calcu-
lated using Student’s t-test and one-way vari-
ance analysis. Differences were considered 
statistically significant when P values < 0.05.

Results

microRNA-182-5p was downregulated in spi-
nal cord in rats after SCI 

To profile expression of miRNAs after SCI, we 
first established the animal model of SCI, in 
accordance with previously described meth-
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ods, and then performed a microarray in spinal 
cord after SCI [10]. Our data show that 24 miR-
NAs were downregulated and 31 miRNAs were 
upregulated compared with the sham group 
(Figure 1A). Among them, miR-182-5p was one 
of the most downregulated miRNAs. It has pre-
viously been shown to reduce inflammatory 
response in various injury models [13, 14], 
therefore, we focused on miR-182-5p in SCI for 
further study. Subsequently, we measured 
expression of miR-182-5p in spinal cord tissue 
of 6 SCI rats by qRT-PCR. Our results showed 
that miR-182-5p was significantly reduced in 
SCI group compared with sham group (Figure 
1B). In an SCI model, activation of the NF-κB 
pathway has been demonstrated to mediate 
inflammatory cells and apoptosis [15]. Thus, we 
tested protein expression levels of phosphory-
lated p65 (p-p65), an important mediator of 
NF-κB activation, using Western blot. Consistent 
with a previous study [4], we observed that 

p-p65 protein levels were remarkably elevated 
in injured spinal cords of two SCI rats (Figure 
1C). These results indicate that miR-182-5p 
might be involved in development of SCI 
through NF-κB pathway.

Elevation of miR-182-5p attenuated hydrogen 
peroxide induced apoptosis in C8-D1A cells

To explore the roles of miR-182-5p in SCI, 
C8-D1A cells, the most abundant cells in the 
central nervous system (CNS) [16], were applied 
for construction of a cell model of SCI under 
H2O2 simulation [5]. First, we detected expres-
sion of miR-182-5p in C8-D1A cells under dif-
ferent concentrations of H2O2 stimulation. Re- 
sults showed that expression of miR-182-5p 
was significantly reduced in a dose dependent 
manner (Figure 2A). We found that a concen-
tration of 200 μM significantly changed miR-
182-5p levels and caused mild cell damage 

Figure 1. miR-182-5p is downregulated in rats after spinal cord injury (SCI). A. Heat map of miRNA profiles repre-
sented the significantly regulated miRNAs. The color code in the heat maps is linear with green as the lowest and red 
as the highest. miRNAs that were upregulated are shown in green to red, whereas miRNAs that were downregulated 
are shown from red to green. B. miR-182-5p expression was validated by qRT-PCR in rats after SCI (n = 6). P < 0.01 
vs. Sham group. C. Expression of p-p65 in SCI rats was measured by Western Blot. (n = 2). Data represents the 
mean ± SD of three independent experiments. **P < 0.01 vs. Sham group.
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after treatment. Therefore, we chose this con-
centration for further study. 

Apoptosis is a prominent characteristic in the 
spinal cord after SCI [17]. Thus, we investigated 
the effects of miR-182-5p on cell apoptosis. 
miR-182-5p mimics were transfected into 
C8-D1A cells and expression levels of miR-182-
5p in C8-D1A cells was significantly increased 
after transfection (Figure 2B). Then, we exam-
ined the alteration of apoptosis of miR-182-5p 
mimics transfected C8-D1A cells after H2O2 
stimulation. Results of flow cytometry showed 
that H2O2 treatment obviously promoted apop-
tosis of C8-D1A cells. However, overexpression 
of miR-182-5p significantly suppressed H2O2 
and induced apoptosis in C8-D1A cells (Figure 
2C). Expression of cleaved-caspase 3, an exe-
cutioner caspase that indicates the level of cel-
lular apoptosis [18], was examined using 
Western blotting analysis. Markedly increased 
expression of cleaved-caspase 3 was found in 
H2O2 treated C8-D1A cells. In line with results 
of flow cytometry, overexpression of miR-182-

5p attenuated H2O2 and induced expression of 
cleaved-caspase 3 and exhibited effective anti-
apoptotic effects (Figure 2D). These results 
suggest that overexpression of miR-182-5p 
inhibits apoptosis in H2O2-treated C8-D1A cells.

Overexpression of miR-182-5p attenuated 
H2O2-induced inflammatory responses in C8-
D1A cells

Among all mechanisms of secondary injury of 
SCI, inflammation is the most important 
because it can directly or indirectly control the 
sequelae [5, 6]. Previous studies have demon-
strated that miR-182-5p has an anti-inflamma-
tion property in many types of injury models 
[13, 19]. Thus, we assumed that miR-182-5p 
has a similar mechanism in SCI. Secretion of 
pro-inflammatory cytokines including tumor 
necrosis factor-α (TNF-α), interleukin (IL)-1β, 
and IL-6 were determined using ELISA. As 
shown in Figure 3A-C, we found that H2O2 
enhanced secretion of TNF-α, IL-1β and IL-6, 
whereas overexpression of miR-182-5p signifi-

Figure 2. Overexpression of miR-182-5p suppressed apoptosis in H2O2 treated C8-D1A cells. A. Expression level of 
miR-182-5p in C8-D1A cells was elevated by transfection of miR-182-5p mimics in H2O2 treated C8-D1A cells as 
measured by qRT-PCR. Data represents the mean ± SD of three independent experiments. *P < 0.05, **P < 0.01 
vs. untreated group. B. Transfection of miR-182-5p mimics significantly increased expression level of miR-182-5p 
in C8-D1A cells. Data represent the mean ± SD of three independent experiments. **P < 0.01 vs. control group. C. 
Apoptosis was detected by flow cytometry in H2O2 treated C8-D1A cells after transfection with miR-182-5p mimics. 
Data represent the mean ± SD of three independent experiments. **P < 0.01 vs. control group. ##P < 0.01 vs. H2O2 
alone group. D. Protein expression levels of cleaved-caspase 3 and total caspase 3 were detected by Western blot 
in H2O2 treated C8-D1A cells after transfection with miR-182-5p mimics.
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cantly reduced production of TNF-α, IL-1β, and 
IL-6. These data suggest that overexpression of 
miR-182-5p attenuates inflammatory respons-
es in H2O2-treated C8-D1A cells.

TLR4 was a direct target of miR-182-5p

To further elucidate underlying molecular 
mechanisms involved in the anti-inflammation 
role of miR-182-5p in SCI, we searched miRan-
da and TargetScan 7.1 databases for proposed 
target genes of miR-182-5p. We also retrieved 
previous reports of target genes of miR-182-5p. 
Toll-Like Receptor 4 (TLR4) was validated as a 
target of miR-182-5p that is related to inflam-
matory responses [13]. As suggested in Figure 
4A, 4B, the complementary sequence of miR-
182-5p was found in 3’-UTR of TLR4 mRNA. To 
confirm that miR-182-5p could interact with 
3’-UTR of TLR4 through the complementary 
sequence, luciferase reporter assay was per-
formed. These results showed that overexpres-
sion of miR-182-5p significantly decreased, 
while knockdown of miR-182-5p increased the 
luciferase activity of TLR4 with wt 3’-UTR, it did 
not influence that of TLR4 with mutant 3’-UTR 
(Figure 4C). Then, we performed qRT-PCR and 
Western blotting assays to examine whether 
miR-182-5p could modulate expression of TLR4 
in C8-D1A cells. Results showed that overex-
pression of miR-182-5p in C8-D1A cells signifi-
cantly reduced expression of TLR4, whereas 
knockdown of miR-182-5p increased its expres-
sion at mRNA and protein levels (Figure 4D, 
4E). Furthermore, we also investigated whether 
miR-182-5p regulates expression of TLR4 in an 
SCI cell model. As expected, H2O2 enhanced 
expression of TLR4 while overexpression of 
miR-182-5p reduced the inhibitory effect of 
H2O2 on TLR4 expression. Knockdown of miR-

182-5p enhanced the promoting effect of H2O2 
on TLR4 expression. All data indicate that miR-
182-5p may exert anti-inflammatory effects 
through suppressing expression of TLR4.

Overexpression of miR-182-5p attenuated 
H2O2-induced inflammatory response and 
apoptosis by targeting TLR4

To further clarify whether TLR4 mediates the 
functional effects of miR-182-5p on H2O2-
treated C8-D1A cells, TLR4 expression vector 
and miR-182-5p mimics were co-transfected 
into C8-D1A cells followed by H2O2 treatment. 
Then, the condition of apoptosis and degree of 
inflammatory response were assessed again. 
As shown in Figure 5A, we found that apoptosis 
suppressed by overexpression of miR-182-5p 
in H2O2-treated C8-D1A cells was reversed by 
elevation of TLR4. Similarly, secretion of pro-
inflammatory cytokines TNF-α, IL-1β, and IL-6 
was suppressed by elevation of miR-182-5p 
while inhibitory effect was rescued by TLR4 
overexpression (Figure 5B-D). All data strongly 
confirms that effects of miR-182-5p on inflam-
matory response and apoptosis are achieved 
through the target TLR4.

Overexpression of miR-182-5p blocked TLR4/
NF-κB pathway in H2O2-treated C8-D1A cells

As we know, NF-κB is a key regulator involved in 
the inflammatory process. Our results show 
that miR-182-5p inhibits H2O2-induced activa-
tion of TLR4, which can directly affect the NF-κB 
pathway [20, 21]. Therefore, we hypothesize 
that miR-182-5p regulates NF-κB pathway in an 
SCI cell model. To further confirm that miR-182-
5p restricts inflammatory responses by target-
ing the TLR4-mediated NF-κB signaling path-

Figure 3. Overexpression of miR-182-5p attenuated H2O2-induced inflammation response. C8-D1A cells were trans-
fected with miR-182-5p mimics for 48 hours and then exposed to 200 μM H2O2 for 10 h. TNF-α (A), IL-6 (B), and IL-1β 
(C) levels were measured by ELISA assay. Data represents the mean ± SD of three independent experiments. **P < 
0.01 vs. control group. ##P < 0.01 vs. H2O2 alone group.
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way, we measured protein expression levels of 
phosphorylated NF-κB p65 (p-p65) and phos-
phorylated IκBα (p-IκBα) by Western blotting. 
These results showed that there was a signifi-
cant increase in phosphorylated p65 level and 
a decrease of p-IκBα in the H2O2 group com-
pared to that in the control groups (Figure 6A, 
6B). These values, however, were reversed by 
miR-182-5p in C8-D1A cells (Figure 6A, 6B). 
Moreover, the inhibitory effect of miR-182-5p 
was liberated when TLR4 was overexpressed in 

H2O2-treated C8-D1A cells (Figure 6A, 6B). 
These results indicate that miR-182-5p inhibits 
H2O2 induced inflammatory responses by atten-
uating release of pro-inflammatory cytokines 
through inhibition of TLR4/NF-κB activation. 

Discussion

In our present study, we found that miR-182-5p 
was significantly downregulated in a rat SCI 
model. Notably, overexpression of miR-182-5p 

Figure 4. TLR4 is a direct target of miR-182-5p. A, B. The putative binding site of miR-182-5p and TLR4 is shown. 
C. Luciferase assay of HEK293 cells co-transfected with firefly luciferase constructs containing the TLR4 wild-type 
or mutated 3’-UTRs and miR-182-5p mimics, mimics NC, miR-182-5p inhibitor or inhibitor NC, as indicated (n = 3). 
Data represents the mean ± SD of three independent experiments. **P < 0.01 vs. mimics NC, ##P < 0.01 vs. inhibitor 
NC. D, E. Expression of TLR4 mRNA and protein after transfection with miR-182-5p mimic or miR-182-5p inhibitor 
was measured by qRT-PCR and Western blot. Data represents the mean ± SD of three independent experiments. 
**P < 0.01 vs. inhibitor NC, ##P < 0.01 vs. mimics NC. F. C8-D1A cells were transfected with miR-182-5p mimics or 
miR-182-5p inhibitor for 48 hours and then exposed to 200 μM H2O2 for 10 h. TLR4 expression was assessed by 
qRT-PCR. Data represents the mean ± SD of three independent experiments. *P < 0.05, **P < 0.01 vs. control group. 
##P < 0.01 vs. H2O2 + mimics NC group. &&P < 0.01 vs. H2O2 + inhibitor NC group. 
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inhibited apoptosis and inflammation induced 
by H2O2 in C8-D1A cells. Moreover, TLR4 was 
proven to be a direct target of miR-182-5p and 
overexpressed TLR4 reversed inhibitory effects 
of miR-182-5p on apoptosis and inflammation 
in H2O2 treated C8-D1A cells. Furthermore, we 
demonstrated that miR-182-5p exerted its anti-
inflammation role through modulation of TLR4/
NF-κB pathway. Therefore, miR-182-5p may 
serve as a potential future therapeutic target 
for SCI.

downregulated miRNA following SCI and upreg-
ulation of miR-494 by agomir improved func-
tional recovery, reduced tissue damage, and 
inhibited apoptotic cells in a rat model of SCI 
[27]. Gao et al. demonstrated that miR-137 
inhibited inflammatory response and apopto- 
sis after spinal cord injury by targeting MK2 [5]. 
Therefore, clarification of the role of microRNA 
in SCI is very important and may generate a 
potential therapeutic strategy for SCI. In this 
study, we identified a large number of miRNAs 

Figure 5. TLR4 overexpression abrogates the inhibitory effects of miR-182-5p mimics on H2O2 treated C8-D1A cells. 
C8-D1A cells were co-transfected with miR-182-5p mimics and pcDNA-TLR4 for 48 h and then exposed to 200 μM 
H2O2 for 10 h. A. Apoptosis was detected by flow cytometry. B-D. TNF-α, IL-6, and IL-1β levels in were measured by 
ELISA assay. Data represents the mean ± SD of three independent experiments. **P < 0.01 vs. H2O2 alone group, 
##P < 0.01 vs. H2O2 + miR-182-5p mimics group.

Figure 6. Overexpression of miR-182-5p blocked TLR4/NF-κB pathway in SCI 
cell model. C8-D1A cells were co-transfected with miR-182-5p mimics and 
pcDNA-TLR4 vector for 48 hours and then exposed to 200 μM H2O2 for 10 h. 
A. The levels of TLR4, nuclear p-p65, and p-IκB-α were measured by Western 
blot. B. The bands were semi-quantitatively analyzed by using Image J soft-
ware, normalized to β-actin density. Data represents the mean ± SD of three 
independent experiments. *P < 0.05, **P < 0.01 vs. H2O2 alone group. ##P < 
0.01 vs. H2O2 + miR-182-5p mimics group.

Mounting evidence has con-
firmed that miRNAs are rich  
in the central nervous system 
(CNS) and play a major role in 
several pathological process-
es and pathological states 
such as brain tumors, neuro-
degenerative disease, and 
brain injury [22-24]. Recently, 
several studies have shown 
that miRNAs were altered af- 
ter SCI and these alterations 
were associated with second-
ary injury responses including 
oxidative stress, inflamma-
tion, and apoptosis [25, 26]. 
For example, Zhu et al. found 
that miR-494 was the most 
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that were significantly deregulated after SCI 
using miRNA microarray, suggesting that these 
miRNAs may play key roles in SCI.

For downregulated miRNAs, miR-182-5p was 
one of the most downregulated and has also 
been reported to play different roles in inflam-
matory diseases. For example, miR-182-5p 
ameliorated liver ischemia-reperfusion injury 
through inhibition of inflammatory reaction 
[13]. Another study from Blaya et al. showed 
that miR-182 was increased in biliary cells in 
mice fed with 3,5-diethoxycarbonyl-1,4-dihy-
drocollidine (DDC) diet and inhibition of miR-
182 in DDC-fed mice reduced liver damage and 
inflammatory response [14]. Therefore, it is rea-
sonable to speculate that miR-182-5p may play 
an important role in inflammatory processes of 
SCI. In the present study, we explored the func-
tion of miR-182-5p in SCI cell models on the 
basis of its impact on inflammatory reaction. 
We first validated that miR-182-5p expression 
was dramatically inhibited upon H2O2 stimula-
tion in a dose-dependent manner. Sequentially, 
we found that overexpression of miR-182-5p 
not only inhibited apoptosis but also suppre- 
ssed inflammation response induced by H2O2  
in C8-D1A cells. These data indicate that miR-
182-5p could inhibit inflammation response in 
an SCI cell model. 

Recently, TLR4 has been found in both CNS glia 
and neurons and its activation has attracted 
significant attention in studies regarding the 
pathophysiology of SCI. For example, genetic 
ablation of TLR4 significantly reduced histologi-
cal damage to the spinal cord and improved 
motor function in a mouse model of SCI [28]. 
Interestingly, TLR4 has been found to be a 
direct target of miR-182-5p in liver ischemia-
reperfusion injury [13], prompting us to inve- 
stigate interaction between miR-182-5p and 
TLR4 in SCI. In this study, we demonstrated 
that TLR4 was a direct target of miR-182-5p in 
C8-D1A cells. More importantly, we found that 
overexpression of TLR4 reversed inhibitory ef- 
fects of miR-182-5p on inflammation response 
and apoptosis in H2O2 treated C8-D1A cells. 
These results suggest that miR-182-5p may 
have a protection effect and anti-inflammatory 
property in SCI via suppressing TLR4 expres-
sion. However, these possible molecular mech-
anisms require further research to be fully 
understood.

It is well known that activation of TLR4 triggers 
nuclear translation of NF-κB, thus, initiating 

production of pro-inflammatory cytokines in- 
cluding TNF-α and IL-6 [29-31]. For example, He 
et al. found that L-3-n-butylphthalide (NBP) 
treatment improved tissue repair and attenu-
ated inflammatory responses in an SCI rat 
model via inhibition of TLR4/NF-κB pathway 
[32]. To further explore the anti-inflammatory 
mechanism of miR-182-5p in an SCI cell model, 
expression levels of TLR4, p-p65, and IκB-α 
were determined. We found that treatment with 
H2O2 increased expression of TLR4 and p-p65 
but decreased expression of IκB-α, indicating 
that H2O2 could promote activation of NF-κB 
signaling pathway in C8-D1A cells. Moreover, 
overexpression of miR-182-5p markedly atten-
uated NF-κB activation induced by H2O2. Still, 
TLR4 could partially rescue the inhibition of 
NF-κB signaling mediated by miR-182-5p. The- 
se results confirm that the anti-inflammatory 
activity of miR-182-5p in an SCI cell model is 
through inhibition of TLR4/NF-κB mediated pro-
inflammatory signaling cascades.

In conclusion, our present study demonstrated 
that levels of miR-182-5p were significantly 
downregulated in SCI rats and overexpression 
of miR-182-5p protected against C8-D1A cell 
injury through a mechanism involving suppres-
sion of inflammation by modulating TLR4/NF- 
κB pathway. These data indicate that miR-182-
5p/TLR4/NF-κB axis may be a promising strat-
egy for targeted SCI therapies.
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