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Objectives: miRNAs are a family of non-coding RNAs that affect cell growth, migration and 

apoptosis. However, little is known on the behavior of miRNAs in neurons. Hence, this work 

aimed to investigate the functions and roles of miRNA-451 in neurons induced by ischemia/

reperfusion injury.

Materials and methods: In this study, we established a 12- or 24-hour oxygen and glucose 

deprivation/reoxygenation (OGD/R) cell model. miR-451 mimic, si-CUGBP Elav-like family 

member 2 (siCELF2), oeCELF2 and the corresponding negative controls were transfected 

into the 24-hour OGD/R cells. The transfection efficiency and the relative expression of 

miR-451 and CELF2 were measured using quantitative reverse transcription PCR and Western 

blot analysis. Cell viability, apoptosis, oxidative stress and cleaved-caspase-3 expression were 

assessed using Cell Counting Kit-8, LDH, SOD, malondialdehyde, ROS assays, flow cytometry 

and Western blot analysis upon miR-451 overexpression, CELF2 silencing or overexpression 

of both. Bioinformatics analysis and the dual-luciferase reporter assay were used to examine 

the relationship between CELF2 and miR-451 in the OGD/R cells.

Results: The results showed that miR-451 was downregulated in the OGD/R cells. The 

overexpression of miR-451 increased cell viability and SOD activity, but decreased apoptosis 

rate, levels of LDH, MDA, ROS and cleaved caspase-3 expression. CELF2 silencing inhibited 

apoptosis and oxidative stress. The results suggested that CELF2 was a target of miR-451, 

and that CELF2 overexpression alleviated the inhibitory effect of miR-451 on apoptosis and 

oxidative stress of the OGD/R cells.

Conclusion: The results demonstrated that miR-451 could protect cells against OGD/R-induced 

apoptosis and oxidative stress by targeting CELF2.
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Introduction
Ischemic peripheral neuropathy is an occlusive vascular disease.1 Neurological diseases, 

such as cerebral arterial thrombosis, Alzheimer’s disease and Parkinson’s disease, have 

become a major concern of human health worldwide.2 A series of endogenous injuries 

are caused when blood is restored and perfused posterior to the ischemia, that is, the 

cerebral ischemia/reperfusion (I/R) injury.3,4 During this process, a large number of 

harmful factors such as reactive oxygen species are released to the vascular micro-

environment, damaging the cell membrane structure and mitochondrial function and 

ultimately leading to apoptosis.3,5,6 Scavenging oxygen-free radicals to inhibit such an 

apoptosis is, therefore, critical in the protection of neurons induced by I/R injury.
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miRNAs are a class of non-coding RNAs with a length 

of 22 nucleotides.7 They bind specifically to the 3′-UTR 

of the target gene to degrade or inhibit the translation of 

target mRNA, regulating the gene post-transcriptionally.8,9 

Previous studies on miRNAs mainly focused on the occur-

rence of tumors and immune diseases;10 recent studies have 

found that miRNAs are also involved in the pathogenesis of 

many central nervous system tumors and neurodegenerative 

diseases.11,12 miRNAs are closely related to ischemic neuro-

logical diseases.2 Jeyaseelan et al reported that 106 miRNAs 

were found abnormally expressed in the rats middle cerebral 

artery occlusion model.13 Ji et al showed that miR-9 and miR-

124 could be used as biomarkers to assess the degree of injury 

caused by I/R in acute ischemic stroke.14 Although miRNAs 

are closely related to I/R injury, only a few miRNAs have 

been proved to be associated with specific diseases with their 

regulatory mechanisms remaining unknown.

miR-451 is located on chromosome 17q11.2, adjacent to the 

proto-oncogene human epidermal growth factor receptor 2.15,16 

Its abnormal expression has been recently detected in breast, 

colorectal and lung cancers.17–19 However, little is known on 

the relationship between miR-451 and ischemic neuropathy 

and the corresponding regulatory mechanism.

CELF2 is a RNA-binding protein and is widely expressed 

in developmental and adult tissues of organisms.20 It could 

regulate alternative splicing of pre-mRNA and might play an 

important role in mRNA editing, shuttling and translation.21 

It was reported that the CELF2-encoding gene was located on 

chromosome 10, the deletion of which was related to the occur-

rence and development of glioma.22 Furthermore, a tissue-

specific subtype of CELF2 was found in eyes, heart, liver and 

nervous system.20 However, little is known about CELF2 in 

neural disease. Miyazaki et al reported that miR-196a enhanced 

the decay of androgen receptor mRNA through silencing 

CELF2 to inhibit spinal and bulbar muscular atrophy.23

In this work, the regulatory mechanism and the effects of 

miR-451 on I/R-damaged neurons in ischemic neuropathy, 

as well as the potential relationship between miR-451 and 

CELF2 were investigated.

Materials and methods
cell culture and the establishment of 
the oxygen and glucose deprivation/
reoxygenation (OgD/r) cells model
The PC-12 cells were purchased from the American Type 

Culture Collection (Manassas, VA, USA) and cultured in 

DMEM/Nutrient F-12 Ham (DMEM/F12; Sigma-Aldrich Co., 

St Louis, MO, USA) supplemented with 10% (v/v) FBS 

(Sigma-Aldrich Co.). In order to establish an OGD/R cell 

model, the cells were seeded in 96-well plates (5×103 cells/

well) at 37°C for 24 hours. The supernatant was removed, 

and the growth medium was replaced with the glucose-free 

and serum-free DMEM. Cells were then leftsupp in the 

hypoxic chambers with a supply of 95% N
2
 and 5% CO

2
 for 

20 minutes at a rate of 20 L/min. Subsequently, the outlet 

valve was clamped, and the chambers were incubated in a 

humidified incubator at 37°C for 12 or 24 hours. Oxygen 

supply was recovered after hypoxia OGD experiment and 

the cells were incubated at 37°C for 12 hours in a humidified 

atmosphere containing 5% CO
2
.

cell transfection
The OGD/R cells were seeded in 12-well plates (1×105 cells/

well) at 37°C. The cells were digested upon 60%–70% conflu-

ence using 0.25% pancreatin (Sigma-Aldrich Co.). miR-

451 mimic (5′-AAACCGUUACCAUUACUGAGUU-3′) 
and its negative control (NC; 5′-UCGCUUGGUGC 

AGGUCGGGAA-3′) were purchased from GenePharma 

(Shanghai, China), and Lipofectamine 3000 Reagent (Thermo 

Fisher Scientific, Waltham, MA, USA) was mixed and diluted 

at room temperature for 6 hours. siRNA CELF2 (siCELF2), 

oeCELF2 (for CELF2 silencing expression and overexpres-

sion, respectively) and their corresponding NCs were pur-

chased from GenePharma. High-glucose DMEM medium 

and the Lipo6000™ Transfection Reagent (Beyotime, 

Shanghai, China) were mixed for 20 minutes. The sequences 

were as follows: 5′-CACCTATCGTGGTGAAGTT-3′, 
5′-CACAGTATCTGGCGCTCCT-3′ and 5′-GAATG 

CACTGCACAATATT-3′. All cells were replaced after 

5–6 hours of incubation and collected after 48 hours for 

further experiments.

cell viability assay
Cells were seeded into 96-well plates (5×103 cells/well) and 

incubated at 37°C for 48 hours. The Cell Counting Kit-8 

(Beyotime) was used to detect cell viability. The pre-made 

Cell Counting Kit-8 solution (10 µL/well) was added to the 

cell culture (200 µL), which was then incubated at 37°C for 

1 hour in a humidified atmosphere containing 5% CO
2
. The 

absorbance at 450 nm was measured using Microplate Reader 

(Bio-Rad, Hercules, CA, USA).

cytotoxicity assay
Cells were seeded in 96-well plates (5×103 cells/well) and 

incubated at 37°C for 48 hours. Cytotoxicity was measured 

using the LDH Cytotoxicity Assay Kit (Beyotime). LDH 
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release regent (150 µL) was added to the cell culture plate 

with the supernatant removed by centrifugation. The cells 

were incubated at 37°C for 1 hour in a humidified atmosphere 

containing 5% CO
2
. The absorbance at 490 nm was measured 

using Microplate Reader (Bio-Rad).

sOD assay
Cells were seeded in 96-well plates (5×103 cells/well) and 

incubated at 37°C for 48 hours. SOD assay was performed 

using the Total Superoxide Dismutase Assay Kit with WST-8 

(Beyotime). Cells were washed with cold PBS, followed 

by the addition of SOD buffer solution. Protein concentra-

tion was measured using the Enhanced BCA Protein Assay 

Kit (Beyotime). The samples (20 µL) was mixed with the 

WST-8/enzyme solution (160 µL) and the reaction starting 

solution (20 µL) and then incubated at 37°C for 30 minutes. 

The absorbance at 450 nm was measured using Microplate 

Reader (Bio-Rad).

Malondialdehyde (MDa) assay
Cells were seeded in 96-well plates (5×103 cells/well) 

and incubated at 37°C for 48 hours. The MDA assay was 

performed using the Lipid Peroxidation MDA Assay Kit 

(Beyotime). Cells were lysed by cell lysis buffer (Beyotime) 

and the protein concentration was measured using the 

Enhanced BCA Protein Assay Kit (Beyotime). The samples 

(0.1 mL) was mixed with the MDA solution (0.2 mL) and 

heated for 15 minutes. The absorbance at 532 nm was mea-

sured using Microplate Reader (Bio-Rad) after the samples 

were cooled to room temperature.

rOs assay
Cells were seeded in 96-well plates (5×103 cells/well) 

and incubated at 37°C for 48 hours. The ROS assay was 

performed using the Reactive Oxygen Species Assay Kit 

(Beyotime). Cells were collected, suspended in the dichloro-

fluorescin diacetate solution (1,000× diluted) and incubated 

at 37°C for 20 minutes. Cells were washed three times with 

cell culture. The ROS were stimulated up for 20 minutes. The 

cells were then observed under a fluorescence microscope 

(Thermo Fisher Scientific), and the ROS expression was 

measured using Microplate Reader (Bio-Rad).

apoptosis assay
Cells were seeded in 96-well plates (5×103 cells/well) and 

incubated at 37°C for 48 hours. Cell apoptosis analysis was 

performed using the Annexin V-fluorescein isothiocyanate 

Apoptosis Detection Kit (Beyotime). Cells were washed with 

PBS for three times, stained in the binding buffer (200 µL) 

containing fluorescein isothiocyanate-Annexin V (10 µL) 

in the presence RNase A (50 µg/mL) and then incubated at 

room temperature for 1 hour in the dark. FACScan (Beckman 

Coulter, Fullerton, CA, USA) was used to detect differentia-

tion of apoptotic cells (Annexin-V positive).

Dual-luciferase reporter assay
Cells were seeded in 96-well plates (5×103 cells/well) and 

incubated at 37°C for 48 hours. miR-451 mimics and NC 

mimics were co-transfected with the reporter vector CELF2 

wild-type (3′UTR-WT) or CELF2 mutated-type (3′UTR-

MUT) into the OGD/R cells. Luciferase activity was mea-

sured using the Dual-Luciferase® Reporter Assay System 

Protocol (Promega Corporation, Fitchburg, WI, USA).

Quantitative reverse transcription Pcr 
(qrT-Pcr)
The total RNA of the PC-12 and the OGD/R cells was 

extracted using the Trizol Reagent (Thermo Fisher Scien-

tific). The Taqman MicroRNA Reverse Transcription Kit 

(Sigma-Aldrich Co.) and Taqman Universal Master Mix II 

(Sigma-Aldrich Co.) were used for the qRT-PCR analysis. 

GAPDH was used for normalizing CELF2 and miR-451 

levels. The PCR primer sequences of miR-451, CELF2 and 

GAPDH are shown in Table 1. Fold changes were calculated 

by using the relative quantification (2−ΔΔCt) method.24

Western blot analysis
The protein was extracted using the RIPA Lysis and Extrac-

tion Buffer (Thermo Fisher Scientific), separated by 10% 

SDS-PAGE and transferred onto polyvinylidene difluoride 

Table 1 The sequence of the primers for qrT-Pcr

hsa-mir-451 Forward 5′-acacTccagcTgggaaaccgTTaccaTTacT-3′
reverse 5′-cTggTgTcgTggagTcggcaa-3′

hsa-celF2 Forward 5′-cTggcgggaaacaaacTcTg-3′
reverse 5′-TcTaagcccTTggccTccTc-3′

gaPDh Forward 5′-gcaccgTcaaggcTgagaac-3′
reverse 5′-TggTgaagacgccagTgga-3′

Abbreviation: qrT-Pcr, quantitative reverse transcription Pcr.
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membrane. The antibodies of cleaved-caspase-3 and CELF2 

(1:1,000; Abcam, Shanghai, China) were prepared in a 5% 

blocking buffer, incubated with the membrane at 4°C overnight 

and then cultivated with the appropriate secondary antibody 

(1:2,000) marked by horseradish peroxidase at room tempera-

ture for 2 hours. The blots and antibodies were processed by the 

Bio-Rad ChemiDoc™ XRS system, followed by the addition 

of the Immobilon Western Chemiluminescent HRP Substrate 

(200 µL; EMD Millipore, Billerica, MA, USA). The signals 

were captured using the Image Lab™ Software (Bio-Rad).

statistical analysis
The results were reported as the mean±SD. Statistical analy-

ses were performed using the GraphPad Prism 6.0 statistical 

software. The P-values were calculated using the Student’s 

t-test or one-way ANOVA. A P-value of ,0.05 was consid-

ered to indicate a statistically significant result.

Results
mir-451 expression was decreased in 
OgD/r cells
To assess the expression of miR-451 in hypoxia cells, OGD/R 

cell models were established and the mRNA level of miR-

451 was measured using qRT-PCR. As shown in Figure 1, 

miR-451 expression in the OGD/R 12- and 24-hour groups 

was significantly lower than that in the normoxia group, with 

the 24-hour group being the lowest (P,0.01 or P,0.001). 

The 24-hour OGD/R cell model was thus chosen for the 

following experiments.

Overexpression of mir-451 inhibited 
apoptosis and oxidative stress in 
OgD/r cells
In order to study the effects of miR-451 on OGD/R cells, 

cell viability, apoptosis, cytotoxicity and oxidative stress 

were measured in this study. The qRT-PCR results showed 

that miR-451 mimic had been successfully transfected into 

the OGD/R cells (P,0.001; Figure 2A). It was found that 

cell viability and SOD activity were significantly reduced in 

the OGD/R cells compared to those in the normoxia cells, 

and that miR-451 overexpression notably alleviated such 

decreases (P,0.001; Figure 2B and D). On the contrary, 

the levels of LDH, MDA, ROS and apoptosis significantly 

increased when the cells were under OGD/R conditions. The 

observed increases were reversed posterior to the transfec-

tion of miR-451 mimic into the OGD/R cells (P,0.001; 

Figure 2C and E–G). As shown in Figure 2H, the results of 

Western blot indicated an increase in the phosphorylation 

level of cleaved-caspase-3 expression in the OGD/R group, 

but a decrease in the OGD/R+miR-451 group (P,0.001), 

compared with their controls. To sum up, miR-451 overex-

pression increased cell viability and reduced apoptosis and 

oxidative stress in the OGD/R cells.

celF2 was a target of mir-451
A previous study reported that miR-95-3 p suppression 

could inhibit cell proliferation by targeting CELF2 in glioma 

cells.22 CELF2 was selected as a potential target using the 

TargetScan (http://www.targetscan.org/). The OGD/R cells 

were transfected with miR-451 mimic or NC mimic to 

investigate the relationship between miR-451 expression 

and CELF2. In Figure 3A, the potential binding sequences 

between miR-451 and CELF2 were examined by bioinfor-

matics analysis. Luciferase activity remarkably decreased 

upon miR-451 overexpression in the OGD/R cells transfected 

with CELF2-WT (P,0.001), but remained the same in the 

OGD/R cells transfected with CELF2-MUT. Silencing effi-

ciency and overexpression efficiency of CELF2 are shown 

in Figure 3B. Expression levels of mRNA and protein of 

CELF2 were measured by using qRT-PCR and Western blot 

analysis. The results suggested that the expression of CELF2 

was notably upregulated in the OGD/R cells, while miR-451 

overexpression significantly inhibited such an upregulation 

(P,0.001; Figure 3C and D).

Knockdown of celF2 inhibited apoptosis 
and oxidative stress in OgD/r cells
The influence of CELF2 on the OGD/R cells was subse-

quently investigated. As shown in Figure 4A, the expression 

of CELF2 increased in the OGD/R cells, but significantly 

decreased in the OGD/R+siCELF2 group, compared with 

the OGD/R+NC group (P,0.001). The data suggested 

that CELF2 was transfected into cells successfully with 

high transfection efficiency; cell viability and SOD activity 

Figure 1 mir-451 expression was decreased in the OgD/r cells.
Notes: The relative expression of mir-451 was measured using qrT-Pcr upon 
hypoxia for 12 or 24 hours. **P,0.01, ***P,0.001.
Abbreviations: OgD/r, oxygen and glucose deprivation/reoxygenation; qrT-Pcr, 
quantitative reverse transcription Pcr.
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Figure 2 Overexpression of mir-451 inhibited apoptosis and oxidative stress in the OgD/r cells.
Notes: The OgD/r cells were transfected with mir-451 or Nc. (A) The relative expression of mir-451, (B) cell viability, (C) lDh level, (D) sOD activity, (E) MDa level, 
(F) relative rOs level, (G) apoptosis and (H) the expression of cleaved-caspase-3 were assessed using qRT-PCR, CCK-8, LDH, SOD, MDA and ROS assays, flow cytometry 
and Western blot analysis, respectively. ***P,0.001. ###P,0.001.
Abbreviations: CCK-8, Cell Counting Kit-8; FITC, fluorescein isothiocyanate; MDA, malondialdehyde; NC, negative control; OGD/R, oxygen and glucose deprivation/
reoxygenation; Pi, propidium iodide; qrT-Pcr, quantitative reverse transcription Pcr.

remarkably increased upon CELF2 silencing in the OGD/R 

cells (P,0.001; Figure 4B and D). Conversely, the levels 

of LDH, MDA, ROS, phosphorylation of cleaved-caspase-3 

expression and apoptosis significantly decreased in the 

OGD/R+siCELF2 group, compared with the OGD/R+NC 

group (P,0.001; Figure 4C and E–H). The results suggested 

that CELF2 silencing promoted cell viability and inhibited 

apoptosis and oxidative stress in the OGD/R cells.

celF2 overexpression abolished the 
inhibitory effect of mir-451 on apoptosis 
and oxidative stress of OgD/r cells
The relationship between the expression of miR-451 and 

CELF2 was further studied by assessing the influences of 

miR-451 and CELF2 overexpression on the OGD/R cells. 

In Figure 5A and C, it is found that miR-451 overexpression 
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Figure 3 celF2 was a target of mir-451 in OgD/r cells. The OgD/r cells were transfected with mir-451 mimic or Nc mimic.
Notes: (A) The potential binding sequences between celF2 and mir-451, and the relative luciferase activity were examined by bioinformatics analysis and the dual-luciferase 
reporter assay. (B) The transfection efficiency of CELF2 was examined using the Western blot analysis. (C, D) The relative expression of celF2 was measured using qrT-
Pcr and Western blot analysis. **P,0.01, ***P,0.001. ###P,0.001. #represents the comparison between the OgD/R+mir-451 group and the OgD/R+Nc group.
Abbreviations: Nc, negative control; OgD/r, oxygen and glucose deprivation/reoxygenation; qrT-Pcr, quantitative reverse transcription Pcr.

increased cell viability and SOD activity; however, they 

were both reduced when miR-451 and CELF2 were co-

transfected into the OGD/R cells (P,0.001). As shown in 

Figure 5B and D–G, the levels of LDH, MDA, ROS, expres-

sion of cleaved-caspase-3 and apoptosis rate decreased in the 

OGD/R cells transfected with miR-451. CELF2 overexpres-

sion removed the inhibitory effects (P,0.001). The results 

suggested that miR-451 reduced apoptosis and oxidative 

stress in the OGD/R cells through CELF2 knockdown.

Discussion
Previous studies showed that scavenging oxygen-free radi-

cals and inhibiting apoptosis were critical in terms of I/R-

injured neurons’ protection. In this study, it was found that the 

expression of miR-451 was downregulated in OGD/R cells. 
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Figure 4 Knockdown of celF2 inhibited apoptosis and oxidative stress in the OgD/r cells. The OgD/r cells were transfected with sicelF2 or Nc.
Notes: (A) The relative expression of celF2, (B) cell viability, (C) lDh level, (D) sOD activity, (E) MDa level, (F) relative rOs level, (G) apoptosis and (H) the expression 
of cleaved-caspase-3 were assessed using qRT-PCR, CCK-8, LDH, SOD, MDA and ROS assays, flow cytometry and Western blot analysis, respectively. ***P,0.001. 
###P,0.001.
Abbreviations: CCK-8, Cell Counting Kit-8; FITC, fluorescein isothiocyanate; MDA, malondialdehyde; NC, negative control; OGD/R, oxygen and glucose deprivation/
reoxygenation; Pi, propidium iodide; qrT-Pcr, quantitative reverse transcription Pcr.

miR-451 overexpression was found to be able to increase 

cell viability and decrease apoptosis and oxidative stress. 

Similarly, knockdown of CELF2 inhibited apoptosis and 

oxidative stress. The results also suggested that CELF2 was 

a target of miR-451 in the OGD/R cells. In addition, CELF2 

overexpression removed the inhibitory effect of miR-451 on 

apoptosis and oxidative stress of the OGD/R cells.

Godlewski et al reported that miR-451 levels were 

regulated by glucose.25 The expression level of miR-451 

was upregulated and cell proliferation was promoted upon 

glucose abundance in glioma cells. In contrast, miR-451 

expression was downregulated by glucose deficiency, 

thereby decelerating cell proliferation.25 Hence, the OGD/R 

cell models were established in vitro to mimic I/R injury in 
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Figure 5 celF2 overexpression alleviated the inhibitory effect of mir-451 on apoptosis and oxidative stress of the OgD/r cells.
Notes: The OgD/r cells were transfected with celF2 or mir-451. (A) cell viability, (B) lDh level, (C) sOD activity, (D) MDa level, (E) relative rOs level, (F) apoptosis 
and (G) the expression of cleaved-caspase-3 were assessed using the CCK-8, LDH, SOD, MDA and ROS assays, flow cytometry and Western blot analysis, respectively. 
***P,0.001. ###P,0.001.
Abbreviations: CCK-8, Cell Counting Kit-8; FITC, fluorescein isothiocyanate; MDA, malondialdehyde; NC, negative control; OGD/R, oxygen and glucose deprivation/
reoxygenation; Pi, propidium iodide.

this work. The results showed that miR-451 expression was 

downregulated in the OGD/R cells, consistent with previous 

studies. Past studies showed that miR-451 overexpression 

might inhibit cell growth, proliferation and migration in vitro 

and in vivo, accelerating the apoptosis and increasing the 

sensitivity of cell radiotherapy in several cancers.17–19 It was 

also reported that upregulation of miR-451 protected cells 

against cardiomyocyte anoxia/reoxygenation and alleviated 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Neuropsychiatric Disease and Treatment 2018:14 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2781

The role of mir-451 in neurons

loss of cardiomyocyte viability.26,27 However, our experi-

mental results showed the opposite: miR-451 overexpression 

increased OGD/R cell viability and decreased apoptosis.

LDH is an enzyme that is present in the cytoplasm and 

can be released outside the cells upon cell damage or cell 

death. Its release is often used as an indicator of cytotoxicity.28 

MDA is a byproduct of cell membrane lipid oxidation by 

ROS and a biomarker of oxidative stress of cells.29 SOD 

is the main antioxidant enzyme in cells playing a role in 

scavenging oxygen-free radicals. It can resist the damage of 

oxygen-free radicals to cells.30 Therefore, in this study, the 

levels of LDH, MDA, SOD activity and ROS in the OGD/R 

cells were examined. The results suggested that miR-451 

increased SOD activity, but decreased the levels of LDH, 

MDA and ROS. The data indicated that miR-451 could 

scavenge oxidative stress products produced by the I/R injury 

and increase the activity of antioxidant enzymes.

Considering the fact that one miRNA can regulate mul-

tiple mRNA genes and different miRNAs can co-regulate 

one mRNA gene, a complex regulatory network is formed 

between miRNAs and their target genes, which controls 

the vital activities of cells and individuals.8 CELF2 is the 

basis of conservative, developmental regulation and tissue-

specific processes in vertebrate embryos. Different tissues 

may have unique CELF2-mediated functions of nucleus and 

cytoplasm.20 Previous studies suggested that CELF2 was a 

potential tumor suppressor and played a crucial role in tumor 

initiation.31 Its expression could also affect the changes of 

splicing and development of thymic T-cells.32 Fan et al 

reported that miR-95-3 p suppression promoted apoptosis 

by targeting CELF2 in glioma cells.22 Miyazaki et al found 

that CELF2 directly acted on AR mRNA to reduce the 

total amount of abnormal androgen receptor proteins, the 

accumulation of which was the cause of spinal and bulbar 

muscular atrophy (neurodegenerative disease).23 However, 

the role of CELF2 in I/R disease was seldom studied. We, 

therefore, used TargetScan to predict the target genes of 

miR-451 and found that there was a potential relationship 

between CELF2 and miR-451. The binding sites in the 

3′UTR region of CELF2 for miR-451 were then confirmed 

by using the dual-luciferase reporter assay, suggesting that 

CELF2 was a target of miR-451 in the OGD/R cells. It 

was also found that CELF2 overexpression could promote 

apoptosis and oxidative stress and remove the inhibitory 

effect of miR-451 on apoptosis and oxidative stress of the 

OGD/R cells.

In conclusion, the results above demonstrated that 

miRNA-451 could protect the cells against I/R-induced 

apoptosis and oxidative stress by targeting CELF2. This 

study provided a theoretical basis for further investigations 

on the protection of neurons against I/R injury. Other target 

post-I/R injury miRNAs for neurological diseases will be 

explored in future studies.
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