
Journal Pre-proofs

miR-211-5p alleviates focal cerebral ischemia-reperfusion injury in rats by
down-regulating the expression of COX2

Zhe Peng, Miaomiao Li, Xiaodan Tan, Pu Xiang, Hong Wang, Ying Luo,
Yang Yang, Haifeng Huang, Zhihao Chen, Hui Xia, Yuke Li, Jiahua Zhang,
Chao Gu, Maozhu Liu, Qiong Wang, Mengyuan Chen, Junqing Yang

PII: S0006-2952(20)30211-2
DOI: https://doi.org/10.1016/j.bcp.2020.113983
Reference: BCP 113983

To appear in: Biochemical Pharmacology

Received Date: 17 February 2020
Accepted Date: 15 April 2020

Please cite this article as: Z. Peng, M. Li, X. Tan, P. Xiang, H. Wang, Y. Luo, Y. Yang, H. Huang, Z. Chen, H.
Xia, Y. Li, J. Zhang, C. Gu, M. Liu, Q. Wang, M. Chen, J. Yang, miR-211-5p alleviates focal cerebral ischemia-
reperfusion injury in rats by down-regulating the expression of COX2, Biochemical Pharmacology (2020), doi:
https://doi.org/10.1016/j.bcp.2020.113983

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition of a cover
page and metadata, and formatting for readability, but it is not yet the definitive version of record. This version
will undergo additional copyediting, typesetting and review before it is published in its final form, but we are
providing this version to give early visibility of the article. Please note that, during the production process, errors
may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier Inc.

https://doi.org/10.1016/j.bcp.2020.113983
https://doi.org/10.1016/j.bcp.2020.113983


miR-211-5p alleviates focal cerebral ischemia-reperfusion 

injury in rats by down-regulating the expression of COX2  

Zhe Peng 1 a, Miaomiao Li 1 a, Xiaodan Tan 1, Pu Xiang 1, Hong Wang 1, Ying 

Luo 1, Yang Yang 1, Haifeng Huang 1, Zhihao Chen 1, Hui Xia 1, Yuke Li 1, 

Jiahua Zhang 1, Chao Gu 1, Maozhu Liu 1, Qiong Wang 1, Mengyuan Chen 1, and 

Junqing Yang 1 * 

1 College of Pharmacy, Chongqing Medical University, Chongqing Key Laboratory of 

Biochemistry and Molecular Pharmacology, 

Chongqing 400016, China 

*Correspondence to: Junqing Yang, email: cqyangjq@cqmu.edu.cn 

aCo-first authors 

Abstract 

The present study was to investigate the role of microRNA (miR)-211-5p on cerebral 

ischemia-reperfusion injury (CIRI) and clarify its underlying mechanisms. Middle 

cerebral artery occlusion/reperfusion (MCAO/R) was operated on male Sprague 

Dawley (SD) rats, oxygen-glucose deprivation/reperfusion (OGD/R) was conducted 

on pheochromocytoma-12 (PC12) cells. Here, we found that miR-211-5p and 

Cyclooxygenase (COX2) expressions were altered in the plasma, cortex and 

hippocampus of MCAO/R-treated rats, as well as in the OGD/R-treaded PC12 cells. 

In vivo, overexpression of miR-211-5p resulted in decrease of infarct volumes, 

neurological deficit scores and histopathological damage. In vitro, miR-211-5p 

overexpression significantly decreased cell apoptosis and Lactate dehydrogenase 

(LDH) release rate, increased cell viability. Furthermore, our data showed that 

miR-211-5p overexpression markedly reduced the expressions of COX2 mRNA and 

protein, and the contents of Prostaglandin D2 (PGD2), PGE2, Tumor necrosis factor-α 
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(TNF-α) and Interleukin-1β (IL-1β). In addition, inhibition of COX2 significantly 

rescued the effects of miR-211-5p inhibitor. At last, dual luciferase experimental data 

showed that miR-211-5p regulated the mRNA stability of COX2 by directly binding 

to the 3'-untranslated region (3'-UTR) of COX2. In conclusion, our data suggested the 

neuroprotective effects of miR-211-5p on CIRI by targeting COX2. 
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Abbreviations 

COX-2  Cyclooxygenase-2 

CNS Central nerve system 

CIRI cerebral ischemia-reperfusion injury 

MTT  Thiazolyl Blue Tetrazolium Bromide 

LDH  Lactate dehydrogenase 

3'-UTR   3'-Untranslated region 

TTC  2,3,5-Triphenyltetrazolium chloride 

HE   Hematoxylin and eosin 

OGD/R Oxygen and glucose deprivation/reperfusion 

MCAO/R  Middle cerebral artery occlusion/reperfusion 

miRNA  MicroRNA 

SD  Standard deviation 

PGs Prostaglandins 

1. Introduction 

Stroke is a kind of cerebral blood circulation disorder, which is one of the 



leading causes of long-term neurological disability. It has high morbidity, high 

disability, high mortality [1, 2]. Stroke has been the leading cause of death in recent 

years in China [3], constituting almost one-third of the total number of deaths from 

stroke worldwide [4]. Furthermore, the burden of stroke has increased over the past 

30 years, especially in rural areas [5].  

Ischemic stroke occupies approximately 75%-85% of all strokes [2], which is a 

pathological condition characterized by an initial restriction of blood supply to brain, 

The treatment is usually to restore perfusion and reoxygenation in clinically.However, 

reoxygenation and restoration of blood flow is frequently associated with 

exacerbation of tissue injury and profound inflammatory response, called cerebral 

ischemia-reperfusion injury (CIRI) [6]. Due to its mechanism is still unclear, there are 

great difficulties in the treatment and prognosis of stroke in clinical [7]. Studies have 

shown that inflammation/immune response plays a key role in the pathogenesis of 

cerebral ischemia- reperfusion injury, which acts a dual role in promoting tissue 

damage and repair. Therefore, inhibiting neuroinflammation induced by cerebral 

ischemic stroke is becoming an attractive strategy in stroke therapy [8]. During the 

reperfusion, energy depletion, intracellular calcium Ca2+ overload, excitotoxicity and 

inflammation responses in the ischemic area lead to massive cells necrosis [9], which 

results in the production of a large number of inflammatory factors and inflammatory 

mediators such as IL-1β, TNF-α, IL-6, IL-10, NF-κB and TGF-β [10]. At the same 

time, cells necrosis causes a large release of cell membrane phospholipids, resulting in 

accumulation of arachidonic acid (AA) and activation of the downstream 



inflammatory pathway. Cyclooxygenase (COX) metabolic pathway plays a most 

important role in inflammation, that catalyze prostaglandins (PGs) by AA to aggravate 

the inflammatory response cycle. It has been reported that the expression of COX 

precede the appearance of inflammatory factors in neurons and glial cells after brain 

injury, and further promote the transformation of microglia and the release of a large 

amount of inflammatory factors and inflammatory mediators [11]. Therefore, 

activation of COX expression and increased levels of inflammatory factor may be 

closely related to cerebral ischemia-reperfusion injury. 

COX is mainly classified into COX1, COX2 and COX3. Bela et al found that COX3 

mRNA levels were higher in major brain arteries and microvessels, which indicated 

that the expression pattern of COX3 mRNA in the central nervous system (CNS) of 

rats is mainly related to the vascular density in a given area [12]. However, COX1 and 

COX2 are both constitutively expressed in the CNS. Human brain autopsy found that 

the expression of COX1 was weak in control brain tissue neurons, but high expression 

in microglia. In the acute phase of focal ischemic injury, the expression of COX2 was 

up-regulated in microglia and neurons, and decreased in the subacute phase. These 

COX2-immunoreactive neurons accumulated in the peri-infarct regions, but were 

absent from the distant regions [11]. Our last study has shown that COX2 was 

overexpressed in the cortex of T2DM rat [13]. In addition, we also found that the 

expression of COX2 in the hippocampus of rats with global cerebral 

ischemia-reperfusion increased significantly in a time-dependent manner: increased 

30 min after reperfusion, peaked on the 7th d, and remained significantly higher than 



normal until on the 15th d [14]. In middle artery ischemia/reperfusion 

(MCAO/R)-treated rats, focal neuronal necrosis and degeneration were more stronger 

in the core, whereas inflammatory infiltration, INOS, COX2 expressions were richer 

in the penumbra [9]. These results suggested that COX2 is closely related to neuronal 

damage caused by stroke. Some studies have indicated that COX2 inhibitors could 

provide an expanded treatment window for CIRI and protect vulnerable brain tissue 

from secondary damage caused by reperfusion. Santos-Galdiano, M., et al have found 

that celecoxib which is a specific COX2 inhibitor could reduce selective neuronal loss 

and extenuate neurologic deficit in rats after MCAO operation [15]. Parecoxib, a 

specific COX2 inhibitor, has been confirmed attenuating postischemic neuronal 

apoptosis by phosphorylating Akt and GSK-3β [16]. However, the side effects of 

COX2 inhibitors limited their clinical application. Therefore, it is necessary to clarify 

the upstream regulatory mechanisms of endogenous expression of COX2, such as the 

ability to intervene from the upstream of COX2 endogenous expression [17]. 

In the past decade, non-coding RNA (nc RNA) has attracted people's attention. These 

include rRNA, tRNA, snRNA, LncRNA, microRNA and et al. miRNAs are 

endogenous short (21~25 nucleotides) single-stranded RNAs[18]. Previously, 

miRNAs have been focused on cancer research and people tried to use miRNA as a 

specific marker for cancer. In addition to cancer, more and more studies have shown 

that it plays an important role in the regulation of gene expression in the 

pathophysiological processes of various organisms [19]. In CNS, various pathological 

conditions such as stroke, schizophrenia and neurodegernerative diseases significantly 



altered cerebral miRNA profiles and affect the disease outcome [20-23]. 

microRNA-211-5p (miR-211-5p) is available in the miRNA database under the 

accession number MIMAT0000882, with a total length of only 22 bps. It is conserved 

and localized on the chromosome 15 of human beings. [24]. Previous study have 

identified miR-211-5p suppresses tumour cell proliferation, invasion, migration and 

metastasis in triple-negative breast cancer by directly targeting SETBP1 [25]. In 

another experiment, miR-211-5p was found to play an important role in Alzheimer's 

disease (AD) [26]. In this study, we found that miR-211-5p was altered in the brain 

following transient cerebral ischemia. As mentioned above, inflammation plays an 

important role in ischemia-reperfusion injury. Therefore, we will investigate the effect 

of miR-211-5p on neuroinflammation induced by CIRI and explore the potential 

mechanisms. This study will provide novel therapeutic targets for CIRI in clinical. 

 

2. Material and methods 

2.1 Animals and Experimental Groups 

Adult male Sprague Dawley rats (SD, 250-280g, 46-54d) were purchased and raised 

at the Laboratory Animal Center, Chongqing Medical University, China (license 

number: SYXK YU 2012-0001). The rats were housed in the same temperature and 

humidity-controlled animal facility with a 12-h light/dark cycle.  

For the time course study, SD rats were randomly separated into 6 groups: sham 

group and MCAO/R groups (The brains of rats were removed at 6h, 12h, 24h, 48h 

and 72h after MCAO/R) (n=3). 



For the mechanism study, SD rats were randomly separated into 6 groups: (1) sham 

group (n=10), (2) MCAO/R+vehicle group (n=10), (3) MCAO/R+miR-211-5p agomir 

group (n=10), (4) MCAO/R+agomir negative control group (n=10), (5) 

MCAO/R+miR-211-5p antagomir group (n=10), (6) MCAO/R+antagomir negative 

control group (n=10). The brains of rats were removed at 24h after MCAO/R 

operation. 

2.2 Middle Cerebral Artery Occlusion/Reperfusion Model 

Ischemic stroke was produced by using the MCAO/R method as previously reported 

[27, 28]. Rats were deeply anesthetized with intraperitoneal injection of sodium 

pentobarbital (40 mg/kg). Blunt dissection was performed to expose the right common 

carotid artery (CCA), external carotid artery (ECA), and internal carotid artery (ICA). 

A nylon suture (Jialing, Guangzhou, China) was inserted into the CCA until it 

blocked the origin of the middle cerebral artery. 90 mins after MCAO, the suture was 

withdrawn to reperfusion. The sham group received the same surgical without 

occlusion. Laser Doppler flowmetry (Periflux System 5000, Sweden) was used to 

monitor the cerebral blood flow (CBF) in ischemia (regional CBF ≤ 80 of baseline) 

and reperfusion (regional CBF ≥ 70 of baseline). Animals dying before the chosen 

endpoint or no infarction except for sham were eliminated. 

2.3 Bioinformatics miRNAs Prediction 

TargetScan(http://www.targetscan.org),miRBase(http://www.ebi.ac.uk/enright-srv/mic

rocosm), and miRanda (http://www.microRNA.org) were used to target prediction 

databases to assess which miRNAs target COX2 gene. miRNAs present in all three 



databases were used for in vivo screening.  

We used bioinformatics (http://www.targetscan.org) to predict the binding score of 

COX2 and miRNAs and found that miR-211-5p got a higher score than miR-204-5p. 

Therefore, we chose the miR-211-5p for our further studies. 

2.4 The siRNA of COX2, The agomir, antagomir, mimic, inhibitor and relative 

NC of miR-211-5p  

Three candidate siRNA duplexes against COX-2 were synthesized from Ribobio 

(guangzhou, China) with the sequences: siRNA-1, sense 

5′-GGAUUUGACCAGUAUAAGUTT-3′, antisense 5′-ACUUAUACUGGUCAAAU 

CCTG-3′; siRNA-2, sense 5′-AGACAGAUCAUAAGCGAGGTT-3′, antisense 5′-CC 

UCGCUUAUGAUCUGUCUTT-3′; siRNA-3, sense 5′-AACCUCGUCCAGAUGCU 

AUTT-3′, antisense 5′-AUAGCAUCUGGACGAGGUUTT-3′. The miR-211-5p 

mimic was a duplex RNA, with the sense sequence (5'-UUCCCUUUGUCAUCCUU 

UGCCU-3') and the antisense sequence (5'-AGGCAAAGGAUGACAAAGGGAA-3'), 

the miR-211-5p inhibitor was a single RNA sequence (5'-AGGCAAAGGAUGACA 

AGGGAA-3') exactly complementary to miR-211-5p. Non-targeting negative control 

sequence (for mimic: sense, 5'-UUUGUACUACACAAAAGUACUG-3'; antisense, 

5'-CAGUACUUUUGUAGUACAAA-3'; for inhibitor, 5'-CAGUACUUUUGUAGUA 

CAAA-3') were used as controls. The inhibitor and mimic were used only in vitro 

experiments. The miR-211-5p agomir and antagomir were the same sequences with 

mimic and inhibitor, respectively, but had more affinity in tissue cells. The agomir and 

antagomir were used in vivo experiments.  



2.5 Intracerebroventricular injection  

The miR-211-5p agomir, antagomir, agomir NC, antagomir NC were purchased from 

Genepharma (Shanghai, China) and dissolved in artificial cerebrospinal fluid (ACSF) 

(Dingguo, Beijing, China). The miR-211-5p agomir and agomir NC were respectively 

injected into the right brain lateral ventricle with 5 min in total volume of 5 μl at the 

concentration of 50 μM, while the miR-211-5p antagomir and antagomir NC were 

injected at the concentration of 100 μM. The entire operation was performed at 1day 

before MCAO on the stereotaxic apparatus (RWD, Shenzhen, China). Stereotactic 

coordinates were previously described: anteroposterior, 0.8 mm; mediolateral, 1.5 mm; 

depth, 3.5 mm [29].  

2.6 Neurological Scoring 

The neurological dysfunction of rats was evaluated at 24 h after reperfusion as 

previously described. The neurological scores were performed according to the 

five-point scale: score 0, normal motor function; score 1, failure to extend to the right 

forelimb; score 2, circling to the contralateral side; score 3, falling to the contralateral 

side at rest; and score 4, no spontaneous motor activity. Animals that died during the 

process were not included in the statistics. 

2.7 2,3,5-Triphenyltetrazolium Chloride Staining 

The brains were sliced into five 2 mm serial coronal sections. All five sections were 

stained with 2% 2,3,5-Triphenyltetrazolium Chloride Staining (TTC) (sigma, USA) at 

37°C for 10 min in the dark and then turned over for 10 minutes, followed by 

overnight immersion in 4% paraformaldehyde. Normal brain tissue was stained red, 



while the infarct tissue was unstained (white). The integrated volume was measured 

by Image J software (NIH, USA). The total volumes of infarction were calculated by 

integrating all five sections as previously described (area of non-ischemic hemisphere 

- area of non-ischemic tissue in the ischemic hemisphere)/area of non-ischemic 

hemisphere. 

2.8 Histopathological Examination 

Hematoxylin and eosin (HE) staining was performed to show pathological 

histological damage in the cerebral cortex and hippocampus. At 24h after reperfusion, 

the rats were anesthetized with sodium pentobarbital and perfused with PBS, and then 

perfusion with 4% paraformaldehyde. After that, the brains were dehydrated in a 

graded series of alcohols and embedded in paraffin. A series of 5-μm-thick sections 

were cut from the brain. Finally, the sections were stained with HE reagents for 

histopathological examination. 

2.9 PC12 cell culture and oxygen-glucose deprivation/reperfusion (OGD/R)  

The rat pheochromocytoma-12 (PC12) cell line is regarded as an established 

neuron-like system that can be used as a cell model for neuron. PC12 cells were 

cultured in high-glucose Dulbecco's modified Eagle's medium (DMEM, Gibco) 

supplemented with 10 % heat-inactivated fetal bovine serum(FBS, Gibco), 100 U/mL 

penicillin, and 100 mg/mL streptomycin in a humidified atmosphere of 5 % CO 2  at 

37℃. 

The culture media of PC12 cells was replaced with glucose-free DMEM before 

oxygen-glucose deprivation (OGD) operation. Then the cells were put into the 



incubator filled with 1.0% oxygen, 5% CO 2  and 94% N 2  for 2h. After OGD 

operation, the cells were cultured in normal culture medium with oxygen. 

2.10 Real-Time Polymerase Chain Reaction 

Total RNA was isolated from the rat cerebral cortex and hippocampus and PC12 cells 

by Trizol reagent (Vazyme, Nanjing, China) according to the manufacturer’s protocol. 

mRNA was subjected to reverse transcription using HiScript Q Select RT SuperMix 

(Vazyme, Nanjing, China), while microRNA was subjected to reverse transcription 

using miRNA First Strand cDNA Synthesis reagent (Sangon, Shanghai, China). To 

detect the amount of COX2 mRNA and miR-211-5p, SYBR Green II (Biomake, USA) 

incorporation method was applied with β-actin being an internal control of mRNA，

and U6 was an internal reference of miRNA. The primer sequences are reported in 

Table 1. 

Table 1. List of primers used in qPCR analysis. 

GENE FORWARD Sequence (5′->3′) REVERSE Sequence (5′->3′) 

U6 CCTGCTTCGGCAGCACA 

AACGCTTCACGAATTTGCGT 

miR-204-5p CGCTTCCCTTTGTCATCCTATGCCT 

miR-211-5p  CGTTCCCTTTGTCATCCTTGCCT 

miR-23a-3p GCGATCACATTGCCAGGATTTCC 

miR-23b-3p CGGATCACATTGCCAGGGATTACC (Tailing Reaction) 

miR-490-3p CAACCTGGAGGACTCCATGCTG 

 miR-219a-3p CGCGTGATTGTCCAAACGCAATTCT 

 COX2 CTTCCTCCTGTGGCTGATGACTG GGTCCTCGCTTCTGA TCTGTCTTG 

β-actin GGTCCTCGCTTCTGA TCTGTCTTG GGTCCTCGCTTCTGA TCTGTCTTG 

 

2.11 Western Blotting 

Samples were lysed with RIPA containing 1% phenylmethanesulfonyl fluoride (PMSF) 

(100 mM). The sample lysis buffer was collected into an EP tube and centrifuged at 

12,000 rpm and at 4°C for 15min. Then abandoned the precipitate and detected the 



protein concentration using BCA protein assay kit (Beyotime, China). We performed 

Western blotting as described previously. In briefly, proteins were separated and 

transferred onto apolyvinylidene fluoride (PVDF) membrane (Millipore, USA). The 

membrane was incubated with primary antibodies overnight at 4°C. After washing, 

the membrane was incubated with horseradish peroxidase-conjugated secondary 

antibodies (Proteintech, Wuhan, China) for 1h at RT. At last, the immunoblots were 

developed by ECL western blotting detection reagent (Millipore, USA). The primary 

antibodies against COX2 (dilution 1:400, Proteintech, Wuhan, China), and β-actin (dilution 

1:4000, Proteintech, Wuhan, China) were purchased from Abcam. 

2.12 Immunofluorescence 

At 24h after reperfusion, the rats were anesthetized with sodium pentobarbital and 

perfused with PBS, and then perfusion with 4% paraformaldehyde. After that, the 

brains were dehydrated in a graded series of alcohols and embedded in paraffin. A 

series of 5-μm-thick sections were cut from the brain. Sections were rinsed with PBS 

and permeabilized with 0.3% Triton X-100 in PBS for 30 min. Specimens were 

blocked with 10% goat serum for 1h and in-cubated at 4°C overnight with a primary 

rabbit monoclonal anti-COX2 antibody (1:100, Proteintech, Wuhan, China) and a 

primary mouse monoclonal anti-NEUN antibody (1:100; Proteintech, Wuhan, China) 

(Neun, a marker protein of neuron) followed by an Alexa 488-labeled goat anti-rabbit 

IgG (1:500, Beyotime, Wuhan, China) and an Alexa 568-labeled goat anti-mouse IgG 

respectively for 2h at 37°C. NEUN was considered a marker protein for neurons and 

could be used to quantify the number of neurons. DAPI was applied to stain all the 



nuclei as a background staining. Imaging was performed on a laser scanning confocal 

micro-scope (Eclipse TE2000U; Nikon) with the Nikon EZ-C1 software. 

2.13 Cell Transfection  

PC12 cells were cultured in the 96-well (or 6-well) plates at 1×105 cells/ml. COX2 

siRNA, miR-211-5p mimic, miR-211-5p mimic NC, miR-211-5p inhibitor and 

miR-211-5p inhibitor NC were transfected by Ribobio transfection kit (Ribobio, 

Guangzhou, China). After transfection for 24 h, OGD/R operation was performed. 

2.14 Biochemistry test 

The MDA content and SOD activity were measured according to the instruction 

manual of the kit (Beyotime, China). The contents of PGD 2 , PGE 2 , IL-1β, TNF-α 

were detected using commercially available enzyme linked immunosorbent (ELISA) 

assay kit (Meibiao, Jiangsu, China) according to the manufactures' instructions. 

2.15 MTT Assay 

PC12 cells were cultured in the 96-well plates at 1×105 cells/mL and treated as 

described above. After OGD/R treatment for 24 h, 3-(4,5-dimethyl-thiazol-2-yl)-2,5- 

diphenyl-tetrazolium bromide (MTT, 20 μL, 5 mg/ml; Sigma, USA) was added per 

well and incubated at 37°C for 4 h. Then 150 μL dimethyl sulfoxide (DMSO) was 

added to each well. After the formazan was dissolved, the optical density (OD) was 

determined at 490 nm on a multi-function microplate reader (Thermo Scientific, USA). 

2.16 LDH Release Detection 

Cell death was evaluated by the lactate dehydrogenase (LDH) Cytotoxicity Assay Kit 

(Jiancheng, nanjing, China). PC12 cells were cultured in 96-well plates at 1×105 
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cells/ml. After OGD/R treatment for 24 h, the LDH release rate in the cell culture 

supernatant was detected according to the manufacturer’s instruction. 

2.17 Flow Cytometry Analysis 

PC12 cells were cultured in six-well plates at 1×105 cells/mL and treated as described 

above. After OGD/R treatment for 24 h, cells were trypsinized without EDTA, 

collected and dispersed in 1 ml PBS. Apoptosis was determined by flow cytometry by 

the Annexin V-FITC/propidium iodide (annexin V/PI) apoptosis detection kits 

according to the manufacturer’s protocol.  

2.18 Dual Luciferase Reported Assay  

we constructed luciferase reporter vectors containing the normal COX2 nucleotides, 

the mutated nucleotides in the first binding site (nucleotides 178-185) and the second 

binding site (nucleotides 224-230). Plasmids containing either the wild-type or mutant 

COX-2 3′-UTR were then co-transfected with the miR-211-5p mimic in HEK 293 

cells. After 48 h, the firefly and luciferase activity were detected with the 

dual-luciferase reporter assay system (Promega) according to the manufacturer’s 

instructions. Firefly luciferase activity was normalized to Renilla luciferase activity 

for each transfected well. The experiments were performed in triplicate. 

2.19 Statistical Analysis 

The values are presented as the mean ± SD. Statistical significance was determined 

using t test to compare two groups or one-way analysis of variance (ANOVA) 

followed by Tukey's multiple comparison test for multiple comparisons. Statistical 

analysis was performed by GraphPad Prism 5 (GraphPad Software, USA). P value of 



less than 0.05 was regarded as statistically significant. 

3. Results 

3.1 The expressions of miRNAs in the cortex, hippocampus and plasma of 

MCAO/R-treated rats 

To determine whether miRNAs had changed in CIRI, we detected miRNAs 

expressions in the brain of SD rats by RT-PCR. There was no significant difference 

between the normal group and the sham group. While compared with the sham group, 

miR-211-5p markedly decreased in cortex and increased in hippocampus in MCAO/R 

group (Fig. 1A, 1B). Interestingly, the expression of miR-211-5p markedly decreased 

in the plasma of MCAO/R-treated rats, while the expressions of COX2 mRNA and 

protein significantly increased (Fig. 1C-1F). 

3.2 The spatio-temporal expression of COX-2 and miR-211-5p in the cortex and 

hippocampus of MCAO/R-treated rats, as well as in OGD/R-treated PC12 cells 

Compared with sham group, COX2 mRNA expression first increased and then 

decreased in the cortex and hippocampus of MCAO/R-treated rats and OGD-treated 

PC12 cells, peaked at different time (Fig. 2D, 2E and 2F). miR-211-5p expression 

significantly decreased in cortex and reached nadir at 12 h (Fig. 2A), while 

miR-211-5p expression significantly increased in hippocampus and peaked at 48 h 

(Fig. 2B), miR-211-5p expression significantly increased in OGD-treated PC12 cells 

and peaked at 24 h (Fig. 2C).  

3.3 Effect of miR-211-5p on MCAO/R-treated rats 

To determine whether miR-211-5p had effects on CIRI, the TTC assay was used to 



detect the brain infarct size. Representative images of TTC-stained brain sections are 

shown in Fig. 3A. Evidently, the infarct volume was significantly increased in vehicle 

treated MCAO/R group. Compared with the vehicle treated MCAO/R group, the 

administration of miR-211-5p agomir significantly decreased the infarct volume and 

neurological score, miR-211-5p antagomir was significantly increased the infarct 

volume and neurological score (Fig. 3B, 3C ).  

To determine whether the brain had histopathological changes, HE staining was 

conducted. In the sham group, nerve cells were arranged tightly in order, and most 

cells were round or oval with large cell bodies. In contrast, in the vehicle, agomir NC 

and antagomir NC groups, nerve cells presented significant nuclear pyknosis, 

vacuolization and disordered arrangement. Compared with the vehicle treated 

MCAO/R group, treatment with miR-211-5p agomir reduced the nuclear deep 

staining of the nucleus, the vacuolization and the mortality of nerve cells. However, 

treatment with miR-211-5p antagomir aggravated the damage compared with the 

vehicle group (Fig. 3D-G) (HE 100×, 200×, 400×). In short, miR-211-5p had 

protective effect on CIRI. 

3.4 Effect of miR-211-5p on CIRI via targetting COX2 

we examined whether miR-211-5p had effects on COX2 expression. Compared with 

the sham group, the expressions of COX2 mRNA and protein were significantly 

increased in the cortex and hippocampus of MCAO/R-treated rats. Compared with the 

vehicle treated MCAO/R group, treatment with miR-211-5p agomir significantly 

decreased the expressions of COX2 protein and mRNA, while treatment with 



miR-211-5p antagomir significantly increased the expressions of COX2 protein and 

mRNA (Fig. 4A -4E). In short, our data showed that miR-211-5p overexpression 

markedly reduced the expressions of COX2 mRNA and protein. 

3.5 Effect of miR-211-5p on the expression of COX2 protein in neurons of cortex 

and hippocampus 

In order to determine whether the endogenous expression of COX2 protein had 

changes on neurons, immunofluorescence was used to detect the COX2 fluosecent 

intensity in the cortex and hippocampus of rats. Compared with the sham group, the 

expression of COX2 protein were significantly increased in the neurons of the cortex 

and hippocampus of rats following MCAO/R injury. Compared with the vehicle 

treated MCAO/R group, miR-211-5p overexpression markedly decreased the 

expression of COX2 protein in neurons of cortex and hippocampus in miR-211-5p 

agomir group, while miR-211-5p inhibition significantly increased the expression of 

COX2 protein in miR-211-5p antagomir group (Fig. 5A-D). Our immunofluorescence 

results showed that miR-211-5p overexpression significantly reduced the positive 

neurons that expressed COX2. 

3.6 Effect of miR-211-5p on changes of PGD2, PGE2, TNF-α, IL-1β content in 

cortex and hippocampus of MCAO/R treated rats 

To determine whether related products and inflammatory factors had changed, ELISA 

assay was used to test PGD2, PGE2, TNF-α, IL-1β content in the rats’ cortex and 

hippocampus. Compared with the sham group, the rat cortical and hippocampal PGD2, 

PGE2, TNF-α, IL-1β content were significantly increased in the vehicle treated 



MCAO/R group. Compared with the vehicle treated MCAO/R group, treatment with 

miR-211-5p agomir significantly blunted the increase of rat cortical PGE2, TNF-α 

and IL-1β content and rat hipocampal PGD2, TNF-α and IL-1β content caused by 

MCAO/R. However, treatment with miR-211-5p antagomir significantly blunted the 

decrease of rat cortical PGE2, TNF-α and IL-1β content and rat hipocampal PGD2, 

TNF-α and IL-1β content caused by MCAO/R (Fig. 6A-H).  

3.7 Effect of miR-211-5p on OGD/R-treated PC12 cells  

To explore whether miR-211-5p had effect on OGD/R-treated PC12 cells, the 

miR-211-5p mimic or miR-211-5p inhibitor and their corresponding negative control 

were transfected into OGD/R-treated PC12 cells. As shown in Fig. 7A, 7B and 7C, 

compared with the normal group, cell viability, LDH release and apoptosis in the 

OGD/R group were significantly altered. These suggested that treatment with OGD/R 

significantly damaged cells. At the same time, the results shown that miR-211-5p 

mimic had significant protective effects on OGD/R-treated PC12 cells, while 

miR-211-5p significantly aggravated the damage of OGD/R. 

Next, we tested changes of some biochemical indicators. Compared with the normal 

group, the expressions of COX2 protein, COX2 mRNA, PGD2 and PGE2 were 

significantly increased in the OGD/R group. Treatment with miR-211-5p mimic 

significantly decreased the expressions of COX2 protein, COX2 mRNA, PGD2 and 

PGE2, while treatment with miR-211-5p inhibitor significantly increased the 

expressions of those indicators(Fig. 7D, 7E, 7F and 7G). In short, miR-211-5p had 

significant protective effects on OGD/R-treated PC12 cells by inhibiting COX2. 



3.8 COX2 is a direct target of miR-211-5p 

To prove that there is a binding site for miR-211 in the 3′-UTR of COX-2 mRNA, we 

identified the potential binding site of miR-211-5p by using the starbase program, two 

potential binding sites in the 3′-UTR of COX2 mRNA were found as being targeted 

by miR-211-5p (Fig. 8A). To obtain direct evidence that COX2 mRNA was a target of 

miR-211-5p, we constructed luciferase reporter vectors containing the normal COX2 

nucleotides, the mutated nucleotides in the first binding site (nucleotides 178-185) and 

the second binding site (nucleotides 224-230). Plasmids containing either the 

wild-type or mutant COX-2 3′-UTR were then co-transfected with the miR-211-5p 

mimic in HEK 293 cells. The miR-211-5p mimic inhibited luciferase activity in the 

HEK 293 cells transfected with the wild-type COX-2 3′-UTR, but not in the cells 

transfected with the mutated COX2 3′-UTR (Fig. 8B). The data suggested both 

binding sites of 3’-UTR of COX2 are targeted by 211-5p. Moreover, We did a series 

of reply experiments. First, we designed three siRNA to knockdown the expression of 

COX2. As we shown in Fig. 8C, COX2 siRNA-3 significantly reduced the expression 

of COX2. Next, we co-transfected miR-211-5p inhibitor and COX2 siRNA-3 in 

OGD/R-treated PC12 cells. Compared with the miR-211-5p inhibitor group, cell 

viability was significantly increased (Fig. 8D) and LDH release rate was significantly 

decreased (Fig. 8E) in the co-transfection group, moreover, COX2 siRNA-3 

significantly reversed the up-regulation of COX2 protein by miR-211-5p inhibitor(Fig. 

8F). In short, the data suggested that COX2 siRNA could reverse the damages of 

miR-211-5p by inhibiting COX2. 



4. Disscion 

Inflammation plays an important role in the occurrence and development of central 

nervous system diseases [30-32], microglia are the main immune cells of central 

nervous system (CNS), and its function is similar to macrophage [33]. When there are 

foreign antigen substances or neuronal cellular debris, microglia could quickly be 

activated and produce kinds of cytokines to promote the occurrence and development 

of inflammatory reaction [34]. When cell fragments or antigen substances are 

removed, microglia will return to the resting state [35]. Although microglia are the 

primary immune cells in the brain [36], neurons have been found to be closely related 

to inflammatory injury by some experts, Sriramula et al found that the activation of 

Kinin B1 Receptor II in mouse neonatal primary hypothalamic neuronal cultures 

upregulated several proinflammatory genes (IL-1β, IL-6, and TNFα), and increased 

NF-kB p65 DNA binding activity [37]. Meanwhile, neurons play a leading role in the 

regulation of human body, and the pathological features of many neurological 

diseases include the injury and loss of neurons[38]. Generally speaking, the sustained 

damage of neurons contribute to secondary brain ischemic injury and represent the 

main cause of cerebral injury aggravation [39, 40]. Therefore, We think it is more 

meaningful to research the inflammatory damage of neurons.  

In the present study, we investigated the effects of miR-211-5p on CIRI. Here we 

showed that miR-211-5p decreased in the plasma of MCAO/R-treated rats as well as 

in the cortex. According to previous reports, plasma or serum miRNAs have been 

identified as diagnostic biomarkers for disease [41, 42], it suggested that miR-211-5p 



may serve as a biomarker for stroke diagnosis or a potential target for treatment. In 

our study, we showed the spatio-temporal expressions of COX2 and miR-211-5p in 

the cortex and hippocampus of MCAO/R-treated rats and OGD/R-treated PC12 cells, 

the results suggested that there is significant negative correlation between COX2 and 

miR-211-5p. In our previous experiments, we tried to select primary neurons for in 

vitro experiments, but the transfection efficiency of primary neurons was so low that 

we had to give up (data not shown). Because of  the neuron-like function, the PC12 

cell was widely used in in vitro experiments to simulate neurons [43-45]. Therefore, 

PC12 cells were selected as experimental cells for in vitro study.  

More and more experiments had shown that miRNA is involved in regulating mRNA 

stability and translation [19]. Small RNA technology can efficiently regulate the 

expression of specific genes, but their therapeutic application faces numerous 

challenges because of its off-target mechanism and potency [46]. However, a new era 

for the field was marked with the US Food and Drug Administration approving in 

august 2018. Patisiran, the first RNAi-based drug, was used to target a rare condition 

that can impair heart and nerve function by a lipid nanoparticle (LNP) delivery 

formulation, which brought light to the research of nucleic acid drugs [47]. Therefore, 

it is very meaningful to explore small molecule drugs. Our study demonstrated that 

miR-211-5p had protective effects on CIRI. MiR-211-5p agomir significantly reduced 

infarct volume and histopathological damage of MCAO/R-treated rats, while 

miR-211-5p antagomir aggravated the damage. Interestingly, histopathological 

damage of hippocampus in MCAO/R-treated rats appeared in different positions, 



mainly in the CA1 area, and also appeared in the CA2 and CA3 areas. Junqing Yang 

et al also found this phenomenon in delayed brain injury of mice induced by subacute 

carbon monoxide [48], which may be caused by individual differences. In vitro, 

miR-211-5p also showed obvious promotion of proliferation and alleviation of 

apoptosis on OGD/R-treated PC12 cells. 

COX2 is a key rate-limiting enzyme in the inflammatory pathway [13]. Previously, 

most studies on the effect of miRNA on COX2 have been conducted in tumors [49, 

50]. MiR-146a affects the prognosis of colon cancer by regulating COX2 expression 

and cell apoptosis [49], miR-136 inhibits malignant progression of hepatocellular 

carcinoma cells by targeting COX2 [50]. Furthermore, we showed the spatio-temporal 

expressions of COX2 and miR-211-5p in the cortex and hippocampus of 

MCAO/R-treated rats, as well as in OGD/R-treated PC12 cells. The results suggested 

that there is significant negative correlation between them. Consistent with Weidong 

Yu et al, the expression of COX2 mRNA first increased and then decreased, indicating 

that the level of inflammation increased first and then decreased in the MCAO/R 

model [51, 52]. However, miR-211-5p appeared two different trends in the cortex and 

hippocampus of MCAO/R-treated rats, suggesting that different brain regions may 

have different tolerance to hypoxic and ischemic injury. Aijia Shang et al found the 

expressions of neuroglobin (NGB) were also consistent in the cortex and 

hippocampus of global cerebral ischemia-reperfusion models gerbils [53]. At the same 

time, our immunofluorescence results showed that the proportion of neurons in the 

cortex and hippocampus was different, which could explain the expressions of 



miR-211-5p were consistent in hippocampus and PC12 cells, also suggested that 

microglia and astrocytes may participate in the development of CIRI through 

miR-211-5p. Next, we will design experiments to explore the role of microglia and 

astrocytes on stroke. 

In our experiment, we found that miR-211-5p overexpression markedly reduced the 

endogenous expressions of COX2 mRNA and protein in the cortex and hippocampus 

of rats, while miR-211-5p inhibition markedly increased the endogenous expressions 

of COX2 mRNA and protein. Meanwhile, our immunofluorescence results also 

showed the same results. Therefore, the protective effect of miR-211-5p may be 

achieved by inhibiting the expression of COX2 in neurons. PGD2 and PGE2 were 

downstream products of COX2, which are abundant prostaglandins in brain [54-56]. 

It has been reported that PGD2 and PGE2 play important roles in multiple brain 

pathophysiological processes, including neuroinflammation, modulation of synaptic 

plasticity, and sleep promotion [57]. IL-1β and TNF-α are inflammatory cytokines that 

represent the level of inflammation [58, 59]. Compared to the normal group, their 

levels were elevated to varying degrees in the model group, but decreased 

significantly in the miR-211-5p agomir group. In addition, COX2 siRNA reversed the 

effects of miR-211-5p inhibitor in the functional recovery experiments. Finally, dual 

luciferase assay showed that there were two binding sites in the 3′-UTR of COX2 

mRNA. Therefore, Our results suggested that miR-211-5p can protect against CIRI by 

directly targeting COX2. This finding can provide references for the treatment of 

stroke patients. 



In conclusion, the present results suggested that miR-211 had a protective effect on 

CIRI, and this effect was achieved by targeted reducing endogenous COX2  

expression. We expect miRNAs to be used in clinical treatment soon, just like 

patisiran. 
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Figure Legends 

Fig.1 The relative expression of miRNAs in the cortex, hippocampus and plasma 

of MCAO/R-treated rats. (A) The expression of miRNAs in the cortex (n=3); (B) 

The expression of miRNAs in the hippocamus (n=3); (C) The expression of 

miR-211-5p in plasma (n=4); (D) The expression of COX2 mRNA in plasma (n=4). 

(E,F)  Relative COX2 protein expressions in plasma (n=4). Data are presented as the 

mean ± SD. *P<0.05, **P<0.01 campared with the sham group.  

 

Fig.2 The spatio-temporal expression of COX-2 and miR-211-5p in the cortex 

and hippocampus of SD rats and PC12 cells.(A) miR-211-5p expression in cortex; 

(B) miR-211-5p expression in hippocampus; (C) miR-211-5p expression in PC12 

cells; (D) COX2 mRNA expression in cortex; (E) COX2 mRNA expression in 

hippocampus; (F) COX2 mRNA expression in PC12 cells. Data are presented as the 

mean ± SD in the four individual experiments .*P<0.05, **P<0.01 and ***P<0.001 

compared with the sham group in vivo, as well as the normal group in vitro. 

 

Fig.3 Effect of miR-211-5p on MCAO/R-treated rats. (A) Representative images of 

TTC staining of infarct size in brain sections (n=3); (B) Quantification of infarct 

volume by TTC staining after 24 h of reperfusion (n=3); (C) Neurological score were 

estimated after 24h of reperfusion (n=10); (D,E) Representative images of 

histopathological assay of rats in cortex (n=3, scale bar= 50 μm); (F,G) Representative 

images of histopathological assay of rats in hippocampus (n=3, scale bar= 50 μm). 

Data are presented as the mean ± SD *P<0.05, **P<0.01 and ***P<0.001 compared 

with the sham group; @P<0.05 and @@@P<0.001 compared with the miR-211-5p 

agomir group; #P<0.05, ##P<0.01 and ###P<0.001 compared with the miR-211-5p 

antagomir group. 

 

Fig.4 Effect of miR-211-5p on CIRI via targetting COX2. (A,B) Relative COX2 



mRNA expressions in cortex and hippocampus after 24h of reperfusion (n=4); (C-E) 

Relative COX2 protein expressions in cortex and hippocampus after 24h of 

reperfusion. Data are presented as the mean ± SD. ***P<0.001 compared with the 

sham group; @@P<0.05 and @@@P<0.001 compared with the miR-211-5p agomir 

group; #P<0.05, ###P<0.001 compared with the miR-211-5p antagomir group. 

 

Fig.5 Effect of miR-211-5p agomir and antagomir on the expression of COX2 

protein in neurons of brain(200×, 400×). (A,B) Representative images of 

immunofluorescence staining for COX2 (green), Neun (red, a marker protein of 

neuron) in cortex (n=3, scale bar= 50 μm); (C,D) Representative images of 

immunofluorescence staining for COX2 (green), Neun (red) in hippocampus (n=3, 

scale bar= 50 μm). Data are presented as the mean ± SD. ***P<0.001 compared with 

the sham group; @@P<0.01 compared with the miR-211-5p agomir group; ##P<0.01 

and ###P<0.001 compared with the miR-211-5p antagomir group. 

 

Fig.6 Effect of miR-211-5p on changes of PGD2, PGE2, TNF-α and IL-1β in 

cortex and hippocampus of MCAO/R-treated rats. (A-D) Changes of PGD2, 

PGE2, TNF-α, IL-1β content in cortex (n=4); (E-H) Changes of PGD2, PGE2, TNF-α, 

IL-1β content in hippocampus (n=4). Data are presented as the mean ± SD. *P<0.05 

and **P<0.01 compared with the sham group; @P<0.05 compared with the 

miR-211-5p agomir group; #P<0.05 and ##P<0.01 compared with the miR-211-5p 

antagomir group. 

 

Fig.7 Effect of miR-211-5p on OGD/R-treated PC12 cells. (A) Cell viability was 

determined by MTT assay (n=6); (B) LDH release in PC12 cells ;(n=6) (C) 

Apoptosis rate was determined by flow cytometry analysis (n=3); (D) Relative COX2 

protein expression in PC12 cells after 24h of reperfusion (n=4); (E) Relative COX2 

mRNA expression in PC12 cells after 24h of reperfusion (n=4); (F-G) Changes of 

PGD2, PGE2 content in PC12 cells (n=5). Data are presented as the mean ± SD. 

*P<0.05, **P<0.01 and ***P<0.001 compared with the normal group; @P<0.05 and 



@@@P<0.01 compared with the miR-211-5p mimic group; #P<0.05 and ###P<0.001 

compared with the miR-211-5p inhibitor group. 

 

Fig.8 COX2 is a direct target of miR-211-5p. (A) Predicted binding site of 

miR-211-5p in the 3′-UTR of COX2; (B) Dual luciferase assay co-transfected with 

the miR-211-5p mimic and reporter vectors containing either the wild-type or mutated 

3’-UTR of COX2. The Renilla luciferase activity was normalized to the Firefly 

luciferase activity. WT: the normal  COX2 nucleotides; MT1: the construct with the 

mutated nucleotides in the first binding site between 178-185; MT2: the construct 

with the mutated nucleotides in the second binding site between 224-230 (n =5); (C) 

siRNA candidates against COX-2 were evaluated (n =4) ; (D) Cell viability was 

determined by MTT assay in different groups (n =6); (E) LDH release in differrent 

groups (n =6) ; (F) Relative COX2 protein expression in different groups (n =4). Data 

are presented as the mean ± SD. **P < 0.05, ***P < 0.01, @P, @@P, #P, ##P, ###P 

compared between the indicated groups.
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