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Abstract: Spinal cord injury (SCI) is an insult to the spinal cord resulting in a change, either temporary or permanent, 
in its normal motor or sensory function, but the mechanism of neuron loss after spinal cord injury is still unclear. 
Long non-coding RNAs (lncRNAs) can play an important role in regulating cell physiological activities through com-
petitively binding to miRNAs. However, there is still a lack of research on the effect of lncRNAs on SCI. In this study, 
we selected SCI gene expression data and miRNA expression data from the NCBI database for differential expres-
sion analysis, and predicted miRNA target genes. Subsequently, biological analysis of gene expression and miRNA 
changes was performed on a rat SCI model. The results showed that the expression level of lncRNA-MEG increased 
significantly in rat SCI model. Subsequently, we found that lncRNA-MEG can promote the expression level of PDCD4 
by inhibiting miR-21-5p, which leads to neuronal cell apoptosis. Furthermore, knocking down of lncRNA-MEG with 
shRNA can reverse the effect of miR-21-5p and inhibit the effect of PDCD4 to reduce the expression of apoptosis-
related proteins. Furthermore, we found lncRNA-MEG can regulate PDCD4 expression through miR-21-5p by target-
ing 3’UTR of PDCD4 in the OGD cell model. In summary, we first discovered lncRNA-MEG regulates neuronal cell 
apoptosis through miR-21-5p by targeting PDCD4 in SCI.
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Introduction

Spinal cord injury (SCI) is mainly caused by 
direct damage to spinal cord tissue and cells 
caused by external forces. In addition, tumors, 
viral infections, vascular disease, spondylosis, 
secondary fractures caused by osteoporosis, 
and development-related diseases can also 
cause SCI [1-3]. When a spinal cord injury 
occurs, it can cause temporary or permanent 
damage to the spinal cord, resulting in loss of 
motor and sensory functions in the patient 
[4-6]. At present, the global incidence of spinal 
cord injury is about 10.4-83 cases/million/year 
[7]. In previous studies, researchers have found 
that the damage process of SCI is very com-
plex, mainly including primary mechanical inju-
ry and secondary injury. Among them, mechani-
cal damage caused directly by external forces 
will directly damage neuronal cells in the first 
time. Later, including vascular injury, edema, 
ischemia, changes in electrolytes, free radical 

generation, and delayed apoptosis of cells will 
cause the patient’s nervous system to be 
injured again [8-10]. Because the process of 
SCI injury is so complicated, the detailed mech-
anism of SCI is still undefined, which leads to 
the lack of appropriate methods for SCI 
treatment.

Some studies have shown that astrocytes in the 
nervous system will undergo a series of molecu-
lar, morphological and functional changes when 
SCI occurs [11-13]. The expression levels of 
glial fibrillary acidic protein and various cyto-
kines in cells are significantly increased, there-
by promoting the regeneration of nerve cells 
[14-17]. However, the target gene marker for 
SCI is ambiguous. Nowadays, researchers have 
found that non-coding RNA (ncRNA) can regu-
late gene expression in many biological pro-
cesses [18]. MiR-137 attenuates spinal cord 
injury by modulating NEUROD4 through reduc-
ing inflammation and oxidative stress [19]. MiR-
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21-5p can participate in the repair process 
after neuronal cell injury. In this case, ncRNA 
may be a potential target for SCI. Therefore, 
more and more researchers have turned their 
attention to ncRNAs, hoping to discover the 
molecular mechanism of SCI progress.

In addition to miRNA, with the continuous de- 
velopment of genome sequencing technology, 
researchers have found that one type of ncRNA, 
lncRNA, also plays a very important role in the 
life process [20]. In previous research, 
researchers found that lncRNA can inhibit the 
transcription of genes encoding proteins by 
interfering with the binding of transcription fac-
tors to gene promoters or inducing histone 
modifications, thereby affecting the production 
of proteins and thus changing biological effects 
[21]. At the same time, lncRNA also has a regu-
latory mechanism for competing endogenous 
RNA [22]. That is, lncRNA can regulate the tran-
scription and translation of coding genes 
through RNA-RNA interactions, and then affect 
biological processes. In 2015, researchers dis-
covered that lncRNA uc.217 can promote the 
growth of dorsal neuron cells and promote the 
recovery of neural networks during peripheral 
nerve injury [23]. However, lncRNA related to 
the SCI process has not yet been found yet. 
Therefore, it is necessary to further study the 
role and mechanism of lncRNA in the SCI 
process.

In this study, we focused on the role of lncRNA 
in the SCI process. We first analyzed miRNAs in 
rats that may be related to the SCI process 
through biological information. Then we con-
structed a SCI rat model and performed qPCR 
on miRNAs predicted to be associated with SCI, 
with the hope to provide more insights for the 
researches of spinal cord injury.

Materials and methods

Cell culture 

VSC4.1 cells were cultured in DMEM (Gibco, 
C11995500BT) and supplemented with 10% 
fetal calf serum (Lonsera, S711-001S), and 1% 
penicillin/streptomycin (Gibco) in a 37°C incu-
bator containing 5% CO2.

For transfection, VSC4.1 cells in 24-well plates 
were transfected with the indicated plasmids 
(500 ng/well), or small interfering RNA (siRNA) 

at the indicated final concentrations in the cul-
ture medium using Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA). After transfec-
tion for 72 h, cells were harvested for qPCR or 
immunoblotting.

Oxygen and glucose deprivation (OGD) model 
constructing 

VSC4.1 were cultured using fetal bovine serum 
(FBS) and no-glucose Dulbecco’s modified 
Eagle’s medium (DMEM) with 5% CO2 and 1% 
O2 at 37°C for 6 hours after the cells having 
been washed with phosphate-buffered saline 
three times. After oxygen-glucose deprivation, 
the medium was changed with normal medium 
containing high-glucose DMEM, 10% FBS 1% 
penicillin/streptomycin in a 37°C incubator 
containing 5% CO2 for 24 hours. 

Prediction of miRNA changes in rat SCI

From the NCBI database, gene expression data 
(GSE45006) and miRNA expression data 
(GSE19890) of rats with a spinal cord injury 
time of 7 days and their control group were 
selected. After downloading the above-men-
tioned original sequencing files from NCBI, we 
analyzed them through R software. The differ-
ential expression analysis was performed using 
the limma package, the marl package and the 
limma package to analyze the heat map of the 
expression differences during SCI, and the tar-
get genes of the selected miRNA were predict-
ed using the three databases of miRDB, miR-
TarBase and TargetScan to obtain candidate 
miRNAs that were up-regulated or down-regu-
lated and their corresponding potential target 
genes. The genes in the other set of data were 
matched. Network maps of successfully aligned 
genes and their miRNAs.

Construction of rat SCI model

All animal experiments were approved by the 
ethics committee and all animals were main-
tained and used in accordance with the guide-
lines of the Institutional Animal Care and Use 
Committee of Shanghai Changzheng Hospital. 
Ten 7-week-old male rats were randomly divid-
ed into a control group and an injury group, with 
5 in each group. T10 thoracic segment was 
exposed and damaged with a heavy hammer by 
surgery, resulting in moderate spinal cord injury 
[24-26]. The BBB (Basso, Beattie, and 
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Bresnahan) score was used to assess motor 
function changes of the hind limbs [27], and a 
sample of injured spinal cord tissue was col-
lected 1 week later by cervical vertebra 
luxation.

ShRNA vector construction

Individual shRNA constructs targeting lncRNA-
MEG were cloned into pLKO.1-EGFP-Puro. The 
primer sequence is as follows: Forword: 5’- 
CCGGTCATAGAGTCAAAGTATGAGCTTTTCAAG- 
AGAAAGCTCATACTTTGACTCTATTTTTTG-3’; Rev- 
erse: 5’-AATTCAAAAAATAGAGTCAAAGTATGAGC- 
TTTCTCTTGAAAAGCTCATACTTTGACTCTATGA.

Spinal cord in situ lentivirus injection

After the rat SCI model was constructed, we 
randomly divided SCI rats into a control group 
and a lentivirus injection group (5 rats in each 
group), and we used a 10 uL syringe to suck the 
lentiviral suspension (1 × 10/ml), fix it on the 
stereo injection rack, and connect the electric 
microinjection drive pump. We chose the injec-
tion point at the edge of the injury site, and con-
trol the injection speed at 30 ul/min through 
the electric microinjection drive pump. After the 
injection, slowly pull out the syringe and suture 
the wound. The random control group was 
injected with PBS.

HE staining

Seven days after the rat model was construct-
ed, the rats were sacrificed, and the spinal cord 
tissue was removed, fixed and embedded in 
wax. Place the paraffin block on a microtome 
and cut the paraffin into 4-10 um thick slices. 
We used the adhesive to place the slice on a 
thin sheet, placed it on a baking sheet, absorb 
excess moisture with filter paper, and put it in 
an oven at 35 degrees overnight. Treat with 
xylene twice for 15 minutes and 5 minutes, 
wash it with 50% xylene + 50% ethanol, and 
then use 100%, 95%, 85%, 70%, 50% ethanol 
and water in order. The sections were stained in 
hematoxylin for about 20 minutes and rinsed 
with tap water for about 15 minutes to make 
the sections blue. The sections were discolored 
in a 1% hydrochloric acid ethanol solution, and 
rinsed in water. The sections were placed in 
50%, 70%, and 80% ethanol for 5 minutes 
each, and then stained with 0.5% mono-red 
ethanol solution for 3 minutes. The sections 

were washed in 95% ethanol, and then placed 
in absolute ethanol for 5 minutes, and the filter 
paper was used to absorb excess ethanol. 
Cover the slide and place it under a microscope 
to observe and take pictures.

RNA extraction and qPCR

Total RNA was isolated from VSC4.1 cells or rat 
spinal cord tissue by Trizol method A reverse 
transcription reaction was performed at a final 
volume of 20 μL containing 1 μg total RNA and 
4 μL 5 × PrimeScript RT Master Mix (Yeasen, 
China) with random primer or specific primers 
for miRNA. Afterwards, quantitative PCR was 
performed on a 10 μL mixture of 2 μL of reverse 
transcription product that was diluted by 20 
times, 0.8 μL forward/reverse primer mixture 
for a final concentration of 0.4 μM, 5 μL 2 × 
SYBR Premix Ex TaqII (Yeasen, China), and 
DNase-free water added to reach the final vol-
ume. Reactions were performed using the fol-
lowing protocol: 95°C for 30 seconds and 
cycles of 95°C for 5 seconds and 60°C for 30 
seconds for 40 cycles, followed by a dissocia-
tion stage. The primers used are listed in Table 
S1. Gene expression was normalized to the 
level of the house-keeping gene β-actin. 
Relative expression was calculated using the 
formula of 2-ΔΔCt.

Cell proliferation by CCK-8 assay

Five thousand cells were added to each well of 
96-well plates, and each group was repeated 
three times. It was measured five more times 
every 24 hours. To measure the OD value, 10% 
CCK8 solution was added to fresh culture medi-
um. The OD 450 nanometer value was mea-
sured after standing in an incubator at 37°C for 
1 hour.

Tunel staining

The paraffin-embedded tissue samples were 
deparaffinized with xylene and different gradi-
ents of ethanol. Then 100 μL of proteinase K 
solution with a concentration of 20 n incuwas 
added into the tissue sample and the sample 
was incubated for 20 min at room temperature. 
Then we washed the tissue sample with PBS 
two times and placed the tissue sample in a 
staining jar containing FITC--12-dUTP Labling 
Mix (1 ug/ml), incubated for 5 min at room tem-
perature in the dark, then washed with PBS 
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three times. Finally, we analyzed the sample 
under a fluorescence microscope and took 
pictures.

Luciferase reporter assay

To examine the targeting sequence of miR-21-
5p on 3’UTR of PDCD4, 500 ng WT or mutant 
pMIR-CMV vector or control pMIR-CMV was 
transfected to VSC4.1 cells using Hieff Trans™ 
Liposomal Transfection Reagent (Yeasen, Sh- 
anghai, China) according to the manufacturer’s 
instructions. Seventy two hours post transfec-
tion; the cells were harvested and lysed. Then 
the collected supernatant was subjected to 
detect luciferase activity using Dual-Luciferase 
Reporter Assay system (Promega). Each experi-
ment was performed in triplicate.

Western blot

A total of 1 × 106 cells were preseeded in 10-cm 
dish and cultured 24 h. Then cells were har-
vested, lysed, and subject to SDS PAGE, then 
transferred on PVDF membrane, followed by 
the incubation with anti-Bax antibody (abcam, 
ab32503, 1:1000) anti-Bcl-2 antibody (abcam, 
ab19495, 1:1000), anti-Caspase-3 antibody 
(abcam, ab13847, 1:1000) and goat anti-Rab-
bit IgG (HRP) (abcam, ab6721, 1:5000). Mem- 
branes were visualized using the Immun-Star 
WesternC Chemiluminescence Kit (Bio-Rad) 
and images were captured using a ChemiDoc 
XRS + System and processed using ImageLab 
software (Bio-Rad).

Statistical analysis

All the experiments were repeated at least 
three times independently. Data are expressed 
as means ± SD. The difference between 2 
groups was analyzed using Student’s T-test and 
the comparison among multiple groups was 
analyzed using one-way ANOVA test followed by 
post hoc test. Statistical significance was indi-
cated at *P < 0.05, **P < 0.01 or ***P < 
0.001.

Results

Biological analysis of gene expression level 
and miRNA expression level in rat SCI

In order to investigate the possible changes of 
miRNA during SCI in rats, we used the limma 
package for differential expression analysis, 
2189 up-regulated genes and 2656 down-reg-

ulated genes were obtained (Figure 1A) from 
the NCBI database the gene expression data 
(GSE45006) and miRNA expression data (GS- 
E19890) of rats with a spinal cord injury time of 
7 days. At the same time, we also performed 
differential expression analysis using the array 
package and limma package to obtain 20 up-
regulated miRNAs and 30 down-regulated  
miRNAs (Figure 1B). After that, we combined 
the data of differentially expressed genes and 
differentially expressed miRNAs to perform 
screening and comparison in the three data-
bases, miRDB, miRTarBase, and TargetScan, 
and found that there were 17 up-regulated miR-
NAs and 29 down-regulated miRNAs with a con-
sistent change in miRNA and target genes 
(Figure 1C, 1D).

Validation of miRNA expression level in rat SCI 
model

In order to verify the data analyzed from high 
throughput sequencing, we constructed a SCI 
rat model as mentioned earlier. We first verified 
the success of the rat SCI model by BBB and HE 
staining (Figure 2A, 2B) and we found that the 
SCI rat model we constructed was successful.

On the seventh day of model construction, we 
sacrificed the rats and collected rat spinal cord 
tissue. We selected 10 up- and down-regulated 
candidate miRNAs for verification by qPCR. The 
results showed that the expression level of miR-
124-3p, miR184, miR215, and miR-300-3 
increased significantly, whilemiR-211-3p, miR-
129-5p and miR-21-5p were significantly re- 
duced (Figure 2C, 2D). Among them, the chan- 
ge of miR-21-5p was the most significant, so we 
focused our attention on miR-21-5p. Through 
bioinformatics prediction, we found that 
lncRNA-MEG may be an effector of miR-21-5p. 
Therefore, we examined the expression level of 
lncRNA-MEG in SCI rat models and control rats. 
The results showed that the expression of 
lncRNA-MEG was significantly increased in the 
SCI rat model (Figure 2E).

lncRNA-MEG inhibit neuronal apoptosis 
through miR-21-5p in SCI rats

To analyzing the role of lncRNA-MEG for SCI, we 
first screened siRNAs that could knockdown of 
lncRNA-MEG in VSC4.1 cells. After transiently 
transfecting siRNAs to VSC4.1 cells for 72 h, we 
detected the expression level of lncRNA-MEG 
by qPCR. The results indicated that siRNA-2 sh- 
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Figure 1. Bioinformatics analysis of miRNA expression level in SCI rats. Gene expression data (GSE45006) and miRNA expression data (GSE19890) of rats and their 
control group were obtained from the NCBI database. (A, B) Heat map illustrating the expression level of protein coding gene (left) and miRNA (right) by the limma 
package (A), the array package and the limma package (B) in SCI. Red represents upwards and green represents downwards. (C, D) Screening comparisons were 
performed in three databases, miRDB, miRTarBase, and TargetScan, to analyze the candidate miRNAs that were up-regulated (C) and down-regulated (D) consistent 
with their potential target genes.
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Figure 2. Verification of candidate ncRNA in SCI rat model. (A, B) Evaluation of rat SCI model construction process. 
(A) Before and after the rat model was established, the BBB score was used to evaluate the exercise ability of the 
rats. No. 1 to No. 5 are control group and No. 6 to No. 10 are SCI model group. (B) 7 days after the rat SCI model was 
established, rat spinal cord tissue was collected and analyzed by HE staining. All HE stained pictures were magni-
fied 200 times. (C-E) Seven days after the rat SCI model was established, total RNA from rat spinal cord tissue was 
reverse transcripted with specific primers, and analyzed by qPCR. The expression level of predicted up-regulated 
miRNA (C), down-regulated miRNA (D) and lncRNA-MEG (E) are normalized to U6. Each data represented the mean 
± SD of three independent experiments and were analyzed with T-test. *P < 0.05, **P < 0.01, ***P < 0.001. 
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owed the best effect (Figure 
3A). Therefore, we used the 
siRNA-2 sequence to const- 
ruct shRNA lentiviral vectors 
for subsequent experiments. 

We injected the shRNA-lnc- 
RNA-MEG and control lentivi-
rus into SCI rat spinal cord tis-
sue in situ. After 7 days, the 
rats were sacrificed and the 
spinal cord tissue was colle- 
cted. We first detected the 
expression levels of lncRNA-
MEG and miR-21-5p in the SCI 
rats by qPCR. The results sh- 
owed that compared with the 
control group, the expression 
of lncRNA-MEG after shRNA-
lncRNA-MEG lentivirus injec-
tion decreased significantly, 
while the expression of miR-
21-5p increased significantly 
(Figure 3B, 3C). After that, we 
performed tunnel staining to 
the spinal cord tissues, and 
the results showed that the 
number of apoptotic cells af- 
ter lncRNA-MEG konckdown 
was significantly reduced co- 
mpared with the control gr- 
oup. This indicates that inter-
fering with lncRNA-MEG can 
reduce the apoptosis of rat 
neuronal cells (Figure 3D). In 
order to further verify the 
apoptosis of rat spinal cord 
tissue cells, we detected the 
expression level of apoptosis-
related proteins BCL2, BAX, 
and cleaved-caspase3 by we- 
stern blot. The results show- 
ed that after knockdown of 
lncRNA-MEG, the expression 
level of apoptosis-related pro-
tein BCL2 significantly increa- 
sed, while the expression of 
BAX, and cleaved-caspase3 
significantly decreased in the 
spinal cord neural tissue cells 
in SCI rats (Figure 3E). These 
results indicate that knock-
down lncRNA-MEG can indeed 
inhibit neuronal apoptosis 
during SCI.

Figure 3. lncRNA-MEG inhibit neuronal apoptosis through miR-21-5p in SCI 
rats. (A) Screen for siRNAs that effectively inhibit lncRNA-MEG in VSC4.1 
cells. VSC4.1 cells were transiently transfected with different siRNAs, and 
the relative knockdown of lncRNA-MEG was detected by qPCR. The relative 
changes were normalized for the mock group. Each data point represents 
the mean ± SD of three independent experiments and was analyzed with 
T-test. *P < 0.05, **P < 0.01. (B, C) In the SCI rat model, the spinal cord 
tissues of rats were collected for detection after 7 days. No. 1 to No. 5 are 
control group and No. 6 to No. 10 are SCI model group. The expression of 
lncRNA-MEG (B) and miR-21-5p (C) in different groups of rats were analyzed 
by qPCR. (D) Apoptosis in rat spinal cord group was identified by Tunnel stain-
ing. Blue represents DAPI and red represents apoptotic cells. (E) The levels 
of indicated proteins were measured with western Blot after lncRNA-MEG 
knocking down with shRNA lentivirus in SCI rat spinal cord tissues. 
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lncRNA-MEG affects the expression level of 
PDCD4 by inhibiting miR-21-5p

In previous studies, researchers have found 
that miR-21-5p can inhibit cell apoptosis by 
inhibiting PDCD4 expression in tongue squa-
mous cell carcinoma [28]. However, it is un- 
known whether there are similar effects in the 
SCI process. Therefore, we decided to investi-
gate the expression of PDCD4 in the spinal cord 
in SCI rats. We first detected PDCD4 expres-
sion in spinal cord tissue in control rats and  
SCI rats by qPCR. The results showed that com-
pared with the control group, the mRNA expres-
sion level of PDCD4 in SCI rats increased sig-
nificantly, matching with the expression level of 
miR-21-5p was significantly decreased (Figures 
2C and 4A). After that, we further detected the 
mRNA expression level of PDCD4 in SCI rats 
after lncRNA-MEG knockdown. The results sh- 
owed that, miR-21-5p significantly increased in 
SCI rats after knockdown of lncRNA-MEG, while 
mRNA and protein levels of PDCD4 decreased 
significantly (Figures 3C and 4B). These results 
suggested that during the process of SCI in 
rats, the expression level of lncRNA-MEG in 
injured rat neuronal cells increased, leading to 
a decrease in the expression level of miR-21-
5p, which in turn led to an increase in the 
expression level of PDCD4, thereby promoting 
apoptosis of neuronal cells.

Effect of lncRNA-MEG on SCI process of rat 
neuron cells

In addition to animal models, we further ex- 
plored the role of lncRNA-MEG in SCI models of 

sed significantly in the OGD model group, while 
the expression level of miR-21-5p decreased 
significantly. In the lncRNA-MEG knockdown 
OGD model group, the mRNA levels of lncRNA 
and PDCD4 decreased significantly compared 
with the OGD model group alone, but were still 
higher than the control group. The expression 
level of miR-21-5p was higher than that of the 
control group and the OGD group alone (Figure 
5A-C). These results indicate that the lncRNA-
MEG, miR-21-5p, and PDCD4 axes are an 
important factor in the SCI process of OGD 
simulation.

In addition to changes in RNA levels, we also 
detected PDCD4 and the expression of apopto-
sis-related proteins during SCI simulations in 
OGD, such as BCL2, BAX, and cleaved-cas-
pase3. The results showed that at the protein 
level, compared with the control group, the 
expression levels of PDCD4, BAX, and cleaved-
caspase3 in the cells of the OGD model group 
increased significantly, while the expression 
levels of Bcl-2 decreased significantly. In addi-
tion, the expression level of PDCD4, BAX, and 
cleaved-caspase3 was significantly lower in the 
OGD model of lncRNA-MEG knockdown than in 
the OGD model group, but still higher than the 
control group, and the expression level of Bcl2 
was also significantly lower than OGD group 
(Figure 5D).

lncRNA-MEG affects the expression level of 
PDCD4 by inhibiting miR-21-5p

MiRNAs are usually able to interact with the 
3’UTR region of the target mRNA, thereby af- 

Figure 4. lncRNA-MEG affects the expression level of PDCD4. A. The expres-
sion level of PDCD4 in SCI rats and control rats was detected by qPCR. No. 
1 to No. 3 are control group and No. 4 to No. 6 are SCI model group. B. The 
expression level of PDCD4 in SCI rats after knocking down of lncRNA-MEG 
with shRNA lentivirus was detected by qPCR. No. 1 to No. 5 are control group 
and No. 6 to No. 10 are SCI model group. Each data represented the mean 
± SD of three independent experiments and were analyzed with one-way 
ANOVA-test. *P < 0.05, **P < 0.01, ***P < 0.001.

neuron cell. To simulate the 
SCI process, we used rat neu-
ron VSC4.1 cells to construct 
an oxygen and glucose de- 
privation (OGD) model. After 
constructing the cell model, 
we further explored the effect 
of lncRNA-MEG through infec-
tion with shRNA-lncRNA-MEG 
lentivirus. Just like the rat 
model, we first examined the 
expression of lncRNA-MEG, 
miR-21-5p, and PDCD4 mRNA 
in different groups by qCPR. 
The results showed that com-
pared with the control group, 
the expression levels of lnc- 
RNA-MEG and PDCD4 increa- 
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fecting the expression of the candidate gene.  
In previous studies, miR-21-5p was able to tar-
get with PTEN and Smad7 in the physiological 
process of cancer, and promote the prolifera-
tion of cancer cells [29, 30]. Through bioinfor-
matics prediction, we found that 3’UTR of 
PDCD4 may be a potential target of miR-21-5p 
(Figure 6A). Previous results have also shown 
that the expression level ofmiR-21-5p can 
affect the expression level of PDCD4, but 
whether miR-21-5p directly affects PDCD4 in 
neuronal cells is unknown. Therefore, we ana-
lyzed the interaction between miR-21-5p and 
PDCD4 through a luciferase reporter assay.  
We transiently transfected a siRNA inhibitor tar-
geting miR-21-5p and a plasmid with a 3’UTR 
region of PDCD4 to VSC4.1 cells and detected 
the luciferase activity. The results showed that 
the level of the luciferase reporter gene with 
the 3’UTR of WT-type PDCD4 was higher when 
miR-21-5p was blocked by siRNA inhibitor com-
pared to the group without, and there are sig-
nificant statistical differences. But there was 

Discussion

In recent years, with the continuous improve-
ment of SCI animal models, the research on SCI 
has made great progress. Researchers have 
conducted in-depth research on molecular me- 
chanisms such as neuronal apoptosis and pro-
liferation during SCI [21, 31, 32]. Neverthe- 
less, the various treatment strategies propos- 
ed based on the molecular mechanism of SCI 
still cannot solve the dilemma of SCI treatment 
well. Therefore, it is necessary to further study 
the molecular mechanism of SCI.

With the continuous development of next-gen-
eration sequencing and non-coding RNA re- 
search, more and more researches have focus- 
ed on the role of non-coding RNA in the process 
of SCI. Several research groups have reported 
the correlation between multiple miRNAs and 
SCI [33-35]. However, the detailed molecular 
mechanism of lncRNA on SCI has not been 
reported.

Figure 5. lncRNA-MEG affects the expression level of PDCD4 by inhibiting 
miR-21-5p in OGD Cell Model. The expression levels of lncRNA-MEG (A), 
miR-21-5p (B), and PDCD4 (C) in control group, OGD model group, and OGD 
model injection with shRNA-lncRNA-MEG lentiviral group were analyzed by 
qPCR in the OGD cell model. (D) The indicated protein expression levels were 
measured with western Blot in control group, OGD model group, and OGD 
model injection shRNA-lncRNA-MEG lentivirus group. Each data represented 
the mean ± SD of three independent experiments and were analyzed with 
T-test. *P < 0.05, **P < 0.01, ***P < 0.001. 

no statistical difference com-
pared with mutant 3’UTR re- 
gion of PDCD4 group. This 
suggested that miR-21-5p co- 
uld inhibit PDCD4 expression 
by targeting the 3’UTR re- 
gion of PDCD4 (Figure 6B). 
Afterwards, we further verifi- 
ed the effect of lncRNA-MEG 
on the 3’UTR of PDCD4 in an 
OGD cell model. Before we 
construct the OGD cell mod- 
el, we transfected the 3’UTR 
plasmid of wild-type PDCD4 
into VSC4.1 cells. Then the 
expression levels of lucifer-
ase reporter gene in different 
treatment groups were de- 
tected. As a result, we found 
that compared with the un- 
treated group, the expression 
level of luciferase in the OGD 
model group increased signi- 
ficantly, while in the lncRNA-
MEG knockdown group, the 
expression level of lucifera- 
se was significantly reduced 
(Figure 6C). This is consis- 
tent with our hypothesis that 
lncRNA-MEG affects PDCD4 
expression by regulating miR- 
21-5p.
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In this study, we first analyzed the expression 
level of protein coding gene and miRNA in the 
SCI rat model from NCBI database through  
bioinformatics, and combined the two data- 
bse to predict target miRNAs that may be relat-
ed to the SCI process. For the predicted candi-
date miRNAs, we performed single-point verifi-
cation by constructing a SCI rat model. The 
results show that some of our predicted candi-
date miRNAs have consistent changes in the 
rat SCI model. For the most significant change  
of miR-21-5p, we further found that lncRNA-
MEG has a competition with miR-21-5p. There- 
fore, we speculated that during the SCI pro-
cess, lncRNA-MEG may promote the apoptosis 
of rat nerve cells by inhibiting miR-21-5p. 
Therefore, we explored the role of lncRNA-MEG 
in SCI rat model. As a result, we found that 
knocking down lncRNA-MEG can increase the 
expression of miR-21-5p, and by reducing Bax 
and cleaved Caspase-3, increasing Bcl-2 ex- 
pression and inhibiting neuronal apoptosis. In 
further cell model experiments, we simulated 
the process of SCI through OGD models. It was 
found that lncRNA-MEG can also inhibit PDCD4 
expression through miR-21-5p, and after knock-
ing down lncRNA-MEG, the expression level of 

5p inhibits PDCD4 while 3’UTR leading to the 
inhibition of neuronal cell apoptosis and cell 
proliferation promotion, it is not clear which sig-
nal pathway involved in. Secondly, the results 
we have obtained are based on rat models and 
rat nerve cells, it is not mentioned whether 
human lncRNA-MEG have similar effects, which 
is worthy of further investigation. Finally, among 
the lncRNA-MEG, miR-21-5p, and PDCD4 axes, 
which step is more suitable to become the tar-
get of SCI treatment also needs our further 
research.

In summary, we found for the first time that 
lncRNA-MEG can affect the expression of 
PDCD4 through miR-21-5p, and then affect  
the apoptosis of neurons during SCI in rats. 
Therefore, lncRNA-MEG, miR-21-5p, and PD- 
CD4 axis may be a key target for SCI treat- 
ment.
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Figure 6. lncRNA-MEG affects the expression level of PDCD4 by inhibiting 
miR-21-5p. A. The predicted miR-21-5p binding sites on the 3’UTR of PDCD4. 
B. Luciferase activity in VSC4.1 cells co-transfected with siRNA targeting miR-
21-5p and luciferase reporters containing wild-type or mutant type 3’-UTR of 
PDCD4. C. In the OGD model, the effect of shRNA-lncRNA-MEG on 3’UTR of 
PDCD4. Each data represented the mean ± SD of three independent experi-
ments and were analyzed with T-test. *P < 0.05, **P < 0.01, ***P < 0.001.

Bax and cleaved caspase3 
decreased significantly, while 
the expression of Bcl-2 in- 
creased significantly. Further- 
more, we validated lncRNA-
MEG regulated the expression 
level of miR-21-5p and inhibit 
cell apoptosis in the OGD 
model by knocking down ln- 
cRNA-MEG. Finally, in order to 
confirm the binding target of 
miR-21-5p and PDCD4 and 
the effect of knocking down 
lncRNA-MEG on PDCD4 dur-
ing SCI, we performed a lu- 
ciferase reporter experiment. 
The results showed that miR-
21-5p can target directly to 
the 3’UTR region of PDCD4, 
and that the knockdown of 
lncRNA-MEG can also inhibit 
the transcriptional activity of 
PDCD4 during SCI.

Nevertheless, there are some 
problems in our experiments 
that need further investiga-
tion. First, although miR-21-
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Table S1. Primer for qPCR
Name Primer
Rat-miR-369-3P-F AGATCGACCGTGTTATATTC
Rat-miR-369-3P-R GAACATGTCTGCGTATCTC
Rat-miR-128-3P-F CGGGGCCGTAGCACTGTC
Rat-miR-128-3P-R GAACATGTCTGCGTATCTC
Rat-miR-124-3P-F CGTGTTCACAGCGGACCTTG
Rat-miR-124-3P-R GAACATGTCTGCGTATCTC
Rat-miR-376-3P-F GTGGATATTCCTTCTATGTTT
Rat-miR-376-3P-R GAACATGTCTGCGTATCTC
Rat-miR-381-3P-F AGCGAGGTTGCCCTTTGTAT
Rat-miR-381-3P-R GAACATGTCTGCGTATCTC
Rat-miR-494-3P-F AGGTTGTCCGTGTTGTCTTC
Rat-miR-494-3P-R GAACATGTCTGCGTATCTC
Rat-miR-434-3P-F AGCTCGACTCATGGTTTGAAC
Rat-miR-434-3P-R GAACATGTCTGCGTATCTC
Rat-miR-184-F TGGACGGAGAACTGATAAGG
Rat-miR-184-R GAACATGTCTGCGTATCTC
Rat-miR-215-F ATGACCTATGATTTGACAGAC
Rat-miR-215-R GAACATGTCTGCGTATCTC
Rat-miR-182-F GGCAATGGTAGAACTCACA
Rat-miR-182-R GAACATGTCTGCGTATCTC
Rat-miR-183-5P-F TATGGCACTGGTAGAATTCAC
Rat-miR-183-5P-R GAACATGTCTGCGTATCTC
Rat-miR-125a-5P-F TCCCTGAGACCCTTTAACCT
Rat-miR-125a-5P-R GAACATGTCTGCGTATCTC
Rat-miR-340-5P-F TTATAAAGCAATGAGACTGATT
Rat-miR-340-5P-R GAACATGTCTGCGTATCTC
Rat-miR-300-3P-F TGAAGAGAGGTTATCCTTTG
Rat-miR-300-3P-R GAACATGTCTGCGTATCTC
Rat-miR-369-5P-F AGATCGACCGTGTTATATTC
Rat-miR-369-5P-R GAACATGTCTGCGTATCTC
Rat-miR-300-5P-F AACCCGTAGATCCGAACTTG
Rat-miR-300-5P-R GAACATGTCTGCGTATCTC
Rat-miR-542-3P-F CTCGGGGATCATCATGTCAC
Rat-miR-542-3P-R GAACATGTCTGCGTATCTC
Rat-miR-221-3P-F ACCTGGCATACAATGTAGA
Rat-miR-221-3P-R GAACATGTCTGCGTATCTC
Rat-miR-22-3P-F AGTTCTTCAGTGGCAAGCT
Rat-miR-22-3P-R GAACATGTCTGCGTATCTC
Rat-miR-17-5P-F CAAAGTGCTTACAGTGCAGGT
Rat-miR-17-5P-R GAACATGTCTGCGTATCTC
Rat-miR-34c-5P-F AGGCAGTGTAGTTAGCTGATT
Rat-miR-34c-5P-R GAACATGTCTGCGTATCTC
Rat-miR-34b-5P-F AGGCAGTGTAATTAGCTGAT
Rat-miR-34b-5P-R GAACATGTCTGCGTATCTC
Rat-miR-129-5P-F CTTTTTGCGGTCTGGGCTTG
Rat-miR-129-5P-R GAACATGTCTGCGTATCTC
Rat-miR-20a-5P-F AAAGTGCTTATAGTGCAGG
Rat-miR-20a-5P-R GAACATGTCTGCGTATCTC
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Rat-miR-193a-3P-F TCTTTGCGGGCGAGATG
Rat-miR-193a-3P-R GAACATGTCTGCGTATCTC
Rat-miR-140-3P-F CAGTGGTTTTACCCTATGGT
Rat-miR-140-3P-R GAACATGTCTGCGTATCTC
Rat-miR-186-5P-F CAAAGAATTCTCCTTTTGGGC
Rat-miR-186-5P-R GAACATGTCTGCGTATCTC
Rat-miR-339-5P-F TCCCTGTCCTCCAGGAGCTC
Rat-miR-339-5P-R GAACATGTCTGCGTATCTC
Rat-miR-322-5P-F AGCAGCAATTCATGTTTTGG
Rat-miR-322-5P-R GAACATGTCTGCGTATCTC
Rat-miR-23a-3P-F GGGGTTCCTGGGGATGGG
Rat-miR-23a-3P-R GAACATGTCTGCGTATCTC
Rat-miR-27a-3P-F AGGGCTTAGCTGCTTGTGAG
Rat-miR-27a-3P-R GAACATGTCTGCGTATCTC
Rat-miR-21-5P-F AGCTTATCAGACTGATGTTG
Rat-miR-21-5P-R GAACATGTCTGCGTATCTC
Rat-miR-146a-5P-F TGAGAACTGAATTCCATGGG
Rat-miR-146a-5p-R GAACATGTCTGCGTATCTC
Rat-miR-146b-5p-F TGAGAACTGAATTCCATAGGC
Rat-miR-146b-5P-R GAACATGTCTGCGTATCTC
Rat-lncRNA-MEG3-F CTGCCCATCTACACCTCACG
Rat-lncRNA-MEG3-R CTCTCCGCCGTCTGCGCTAGGGGCT
Human-lncRNA-MEG3-F GCATTAAGCCCTGACCTTTG
Human-lncRNA-MEG3-F TCCAGTTTGCTAGCAGGTGA
Human-mir-21-5p-F GCTTATCAGACTGATGTTG
Human-mir-21-5p-R GAACATGTCTGCGTATCTC
Human-PDCD4-F ACTGTGCCAACCAGTCCAAAGG
Human-PDCD4-R CCTCCACATCATACACCTGTCC


