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A b s t r a c t

Aim of the study: To identify miRNA biomarkers of arterial atherosclerosis subtypes in acute ischemic stroke.
Material and methods: 40 participants recruited in our hospital from October 2017 to January 2018. There were  
12 patients with acute ischemic stroke (AIS), 13 patients with atherosclerosis (AS) and 15 healthy subjects. They 
were divided into the AIS group, AS group and healthy control (HC) group. The miRNA expression levels of the AIS 
group, AS group and HC group were measured by miRNA microarray. Bioinformatics analysis was performed using  
the miRNA target prediction database.
Results: The expression of 3 miRNAs, miR-129-1-3p, miR-4312, miR-5196-3p, was significantly different between  
the AIS and AS/HC groups. Genes targeted by miR-129-1-3p were involved in 12 pathways, of which axon guid-
ance, retrograde endocannabinoid signalling and sphingolipid signalling pathways were associated with axonal 
and synaptic function. miR-129-1-3p mimics significantly decreased cortical neurite length and Runx2 levels, while  
miR-129-1-3p inhibitors promoted neurite growth and increased Runx2 expression.
Conclusions: miR-129-1-3p may be a relevant biomarker for the diagnosis of stroke caused by large artery athero-
sclerosis and could represent a novel therapeutic target for stroke treatment.

Key words: stroke, artery atherosclerosis, MiRNA, microarray analysis, runt-related transcription factor.

Communicating authors:

Xiaoling Guo, Department of Neurology, The 981st Hospital of the Chinese People’s Liberation Army, No. 3, Puning Temple, Puning 

Road, Shuangqiao District, Chengde 067000, China, phone: +8603145980621, fax: +8603145980621; Tianyi Wang, Department  

of General Surgery, The 981st Hospital of the Chinese People’s Liberation Army, No. 3, Puning Temple, Puning Road, Shuangqiao 

District, Chengde 067000, China, phone: +8603142160466, fax: +8603142160466, e-mail: tianyiwang1478@163.com

Introduction

Stroke is the second leading cause of death in 
the world [10]. Acute ischemic stroke is a disorder 
of blood supply to brain tissue caused by many rea-
sons. It belongs to the most common type of stroke 
in clinic, accounting for 85% of stroke cases [16].  

The disease has the characteristics of a  high inci-
dence rate, mortality, recurrence rate and high dis-
ability rate, which poses a major threat to patients’ 
health and life. According to risk factors, clinical char-
acteristics and diagnostic indicators, ischemic stroke 
can be divided into five types: large artery athero-
sclerosis (LAA), cardioembolism (CE), small artery 
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occlusion (SAO), stroke of other determined cause 
(SOC), and stroke of undetermined cause (SUC) [4].

MicroRNA (miRNA) is a kind of small non coding 
RNA that regulates gene expression by specifically 
binding to complementary RNA sequences [13]. 
MiRNA participates in the regulation of endothelial 
function and the degradation of extracellular matrix, 
affects the formation and rupture of atherosclerotic 
plaque, and promotes the proliferation and degra-
dation of neurons and glial cells [8,14,15,22,23]. For 
example, miR-145 is associated with elevated levels 
of tissue factor (TF) in patients with venous throm-
bosis. In addition, the stimulation of miR-145 in vivo 
reversed the decline of miR-145 and reduced the lev-
el and activity of TF in thrombosis [21]. Another study 
showed that microbubbles can regulate PI3K/Akt/
eNOS pathway by transmitting miR-125-a-5p [17],  
so as to enhance the survival and angiogenesis of 
endothelial cells. MiR-129-1-3p inhibits vascular 
endothelial growth factor (VEGF) through Runx2, in- 
hibits the differentiation and angiogenesis of endo-
thelial progenitor cells, and may participate in the 
high expression of miR-4312 in breast cancer cells.  
It may promote cell proliferation and inhibit cell 
apoptosis through targeting PDCD4.

This study aims to identify early diagnostic mark-
ers of stroke, discover potential pathophysiological 
processes, and provide new therapeutic targets for 
stroke through bioinformatics analysis and target 
gene verification.

Material and methods

Research object

From October 2017 to January 2018, we recruited 
a  total of 40 participants from the hospital. A  total 
of 12 acute ischemic stroke (AIS) patients, 13 athero-
sclerosis (AS) patients and 15 healthy subjects were 
included in the study. All participants provided written 
informed consent. This study was approved by the eth-
ics committee of our hospital.

Inclusion criteria: 1) ischemic stroke symptoms 
occurred within 6 hours; 2) all the patients includ-
ed were stroke of large-artery atherosclerosis (LAA) 
subtype, which met the diagnostic criteria of cere-
bral infarction in the 2018 China guidelines for the 
diagnosis and treatment of acute ischemic stroke [9];  
3) TOAST classification was confirmed as large ath-
erosclerotic cerebral infarction by magnetic resonance 
angiography or computed tomography angiography 

(CTA) [7]; 4) the onset time was less than 2 weeks;  
5) patients with the first acute ischemic stroke; 6) com-
plete at least one cranial vascular examination during 
hospitalization, including magnetic resonance angiogra-
phy (MRA), CTA or digital subtraction angiography (DSA).

Exclusion criteria: 1) neuroimaging showed cere-
bral haemorrhage or brain dysfunction caused by oth-
er non-vascular causes (such as brain tumour, brain 
metastasis, subdural hematoma, epilepsy, brain trau-
ma, etc.); 2) transient ischemic attack; 3) limb motor 
or sensory dysfunction caused by other diseases; 
4) those who have taken contraindicated drugs;  
5) rejected participants.

According to NASCET criteria, 13 patients with 
carotid stenosis of more than 50% were prospective-
ly included in the group of large atherosclerosis with 
transient ischemic attack (TIA) (AS). The healthy con-
trol group (HC) refers to healthy adults of the same age 
group, without the history of stroke and major athero-
sclerosis. All subjects had past vascular risk factors, 
such as hypertension, hyperlipidaemia, diabetes and 
smoking, all examined by the same neuroscientist.

Research method

Collection and processing of blood samples

Blood samples were taken from patients with AIS 
within 6 hours after the onset of symptoms, and rou-
tine blood samples were taken for AS and HC groups. 
All blood samples were placed in tubes containing 
EDTA (BD Bioscience). Plasma was separated after 
differential centrifugation (2000 g for 10 minutes, 
2500 g for 15 minutes, 15°C). Plasma samples were 
carefully collected and put into RNase free EP tube, 
and stored at –80°C for standby. 

RNA isolation

Total RNA was isolated from the plasma samples 
using the mirVana™ PARIS™ Kit9 (Ambion, Texas, 
USA). The concentration of RNA samples was quan-
tified using the Nanodrop ND-2000 (Thermo Scien-
tific, Wilmington, DE, USA) and RNA integrity was 
determined using the Agilent 2100 bioanalyzer (Agi-
lent Technologies, Palo Alto, CA).

 MiRNA microarray analysis and target gene 
prediction

miRNAs were detected using the Agilent miRNA 
microarray platform (Stanley Medical Research Insti-
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tute Online Genomics Database). Total RNA (100 ng) 
was dephosphorylated, denatured, and the 3’ end of 
the RNA was labelled with Cyanine-3-CTP (Cy3). The 
marked RNA was purified and hybridized on microRNA 
arrays in a  hybridization oven (Agilent Technologies, 
Palo Alto, CA). The chips were scanned with the Agilent 
G2505C microarray scanner. Raw data were extracted 
from the original images using the Feature Extraction 
software (version 10.7.1.1, Agilent Technologies) and 
then normalized and analysed using the GeneSpring 
software (version 13.1, Agilent Technologies). miRNA 
differential expression analysis was performed using 
a t test. Up- or down-regulation with a ≥ 2 fold change 
and a p value ≤ 0.05 was considered statistically sig-
nificant. Three databases, including TargetScan V7.1 
(http://targetscan.org/), miRwalk V2.0 (http://mirwalk.
umm.uni-heidelberg.de/) and miRDB (http://mirdb.
org/miRDB/) were used to predict miRNA target genes. 
Four databases (miRBD, miRWalk, Starbase v2.0 (http://
starbase.sysu.edu.cn/index.php) and TargetScan) were 
used to predict the potential miRNAs targeting Runx2.

Protein-protein interaction network  
and functional enrichment

STRING V11.0 (http://string.embl.de/) was used to 
identify the protein-protein interaction (PPI) of targets 
of the differentially expressed miRNA. PPIs were then 
visualized using Cytoscape software v3.2.1 (https://
github.com/nolanlab/cytospade). Gene ontology (GO) 
and KEGG analysis were conducted using DAVID 
(http://david.abcc.ncifcrf.gov/) to identify gene ontolo-
gy annotation of the target genes.

Cortical neuronal culture

To verify the regulatory role of miR-129-1-3p in axo-
nal outgrowth, cortical neurons from adult Wistar Rats 
were extracted as previously reported [24]. In brief, the 
cortical tissues were extracted from the brain and cut 
into pieces. Then, the cortical tissue was digested to 
a single cell suspension with 0.125% Trypsin. The DMEM 
(10% fetal bovine serum [FBS]) was subsequently used 
to stop the digestion. Single cortical neurons were 
seeded into poly-L-Lysine-coated 24- or 6-well plates 
for immunofluorescence staining and western blotting.

Transfection

To confirm the regulatory role of miR-129-1-3p on 
the axonal outgrowth of cortical neurons, miR-129-1-3p 
mimics, inhibitors, or negative control sequences were 

transfected into cultured cortical neurons with Lipofect-
amine 2000 (Invitrogen, USA). The transfected efficien-
cy was determined with transfecting FITC-oligo and was 
85-95%. At 24 hours post transfection, the cell cultured 
medium was changed to normal culture medium.

Immunofluorescence staining

The cultured cortical neurons were washed with 
phosphate buffered saline (PBS), fixed with 4% para- 
formaldehyde, incubated with 10% blocking buffer 
and probed with primary (NF-200) and secondary 
(anti-rabbit-FITC) antibodies. Images were acquired 
using a Fluorescence microscope (Nikon TiU, Tokyo, 
Japan) and neurite length was manually quantified 
using the Image-Pro Plus 6.0 software (Media Cyber-
netics, Silver Spring, MD, USA).

Western blot

Cultured neurons were harvested and the total 
protein was extracted using RIPA buffer (Santa Cruz, 
Dallas, USA). Samples were treated with protease 
inhibitor to prevent degradation. After concentration 
determination on the Nanodrop ND-2000 (Thermo-
Scientific, Wilmington, DE, USA), proteins were sepa-
rated using SDS-PAGE electrophoresis and transferred 
onto a membrane. Anti-Runx2 antibody and anti-rab-
bit-HRP were applied to determine the relative expres-
sion of Runx2. The relative expression of Runx2 was 
normalized against the expression of GAPDH. Experi-
ments were repeated at least three times.

Statistical analysis

All experiments were statistically analysed by statis-
tical analysis system software SPSS 21.0 (Chicago, Illi-
nois, USA). Data conforming to normal distribution are 
expressed as mean ± standard deviation. T-test was used 
to test the significant difference. The Kolmogorov-Smir- 
nov (K-S) test was used to test the normality of the data. 
The measured data showed a non-normal distribution, 
so it was expressed in the median (quartile), and the 
Mann-Whitney U test was used for inter-group compari-
son. P < 0.05 was considered statistically significant.

Results

Comparison of baseline data  
of patients with HC, AS and AIS

Among the 12 patients in the AIS group, there 
were 6 males and 6 females, with an average age of 
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64 ±3.40 years. There were 4 males and 9 females 
in the AS group, with an average age of 68.77 ±3.40 
years. Among the 15 patients in the HC group, there 
were 5 males and 10 females, with an average age 
of 65.47 ±0.72. There was no significant difference 
in other baseline data (p > 0.05), which were compa-
rable (see Table I).

Comparison of miRNA expression 
among HC, AS and AIS groups

There were significant differences in 27 miRNAs 
between the AIS group and the HC group (Fig. 1A, 
Table II), while there were differences in 9 miRNAs 
between the AIS group and the AS group (Fig. 1B, 
Table III). There were differences in the expression of 
three miRNAs (miR-129-1-3p, miR-4312, miR-5196-
3p) in the AIS group compared with HC and AS 
groups (Fig. 1C).

To compare the expression of three different mi- 
RNAs in these groups, we used the standardized total 
probe signal of miRNA microarray. miR-129-1-3p 
and miR-4312 were highly expressed in the AS 
group and further increased in the AIS group, while 
the expression of miR-5196-3p decreased slightly in 
the AS group but increased in the AIS group (Fig. 1D). 
These results suggest that miR-129-1-3p and miR-
4312 may be involved in the pathophysiology of AIS.

Bioinformatics analysis of miR-129-1-3p

In order to study the pathophysiological pro-
cess and molecular mechanism of differentially ex- 
pressed miRNA, focusing on miR-129-1-3p, miRNA 
target prediction databases (TargetScan, miRWalk 
and miRDB) were used for bioinformatics analysis. 
The analysis identified 172 target genes of miR-
129-1-3p. To elucidate the protein interactions of 
these target genes, string analysis was applied and  
the results were visualized using Cytoscape (Fig. 2A). 
In this protein-protein interaction network, Runx2 is 
the key target gene of miR-129-1-3p, which is widely 
associated with other proteins.

Biological effect analysis of miR-129-1-3p

To further elucidate the possible biological effects 
of miR-129-1-3p, GO and KEGG pathways were ana-
lysed using David database. The enrichment bio-
logical process of miR-129-1-3p and its target was 
analysed (Fig. 2B-E). Mir-129-1-3p and its targets are 
involved in 19 biological processes (Fig. 2B), includ-

ing the regulation of calcineurin NFAT signal cascade, 
positive regulation of calcium dependent exocytosis, 
regulation of sodium transmembrane transporter 
activity, calcium regulated neurotransmitter exocy-
tosis and axon guidance. Cell composition analysis 
showed that the presynaptic active region, volt-
age-gated calcium channel complex, synapse, axon 
and postsynaptic membrane were enriched (Fig. 2C). 
In terms of molecular function, transcription factor 
activity, sodium channel regulator activity and ion 
channel binding were enhanced (Fig. 2D). KEGG anal-
ysis showed that the target of miR-129-1-3p was 
enriched in axon guidance, retrograde endogenous 
cannabinoid signal, sphingolipid signal pathway and 
other 9 pathways (Fig. 2E). These results suggest that 
miR-129-1-3p may regulate the function of neurites 
and synapses.

The regulatory role of miR-129-1-3p  
in cortical neurite outgrowth

Mir-129-1-3p was interfered in cultured cortical 
neurons to confirm the interaction between miR-
129-1-3p and Runx2. Mir-129-1-3p simulant inhibit-
ed cortical axon growth, while miR-129-1-3p inhibi-
tor promoted cortical neuron axon growth (p < 0.05) 

Table I. The demographic characteristics and 
vascular risk factors were compared among 
acute ischemic stroke, atherosclerosis and 
healthy controls groups

Characteristics HC AS AIS

Age 65.47 ±0.72 68.77 ±3.40 64 ±3.40

Hypertension 0 (0%) 13 (92.9%) 7 (53.8%)

Diabetes 0 (0%) 3 (21.4%) 6 (50%)

Smoking 4 (26.7%) 5 (35.7%) 6 (50%)

TC 0.78 ±0.06 1.54 ±0.18 1.34 ±0.14

HDL 2.23 ±0.09 2.8 ±0.24 3.38 ±0.34

LDL 1.33 ±0.06 1.12 ±0.54 1.36 ±0.09

PLT 204 ±6.21 189 ±7.64 235.42 ±19.48

ApoA1 2.09 ±0.41 1.20 ±0.05 1.44 ±0.09

ApoB 0.93 ±0.03 0.81 ±0.05 0.97 ±0.85

CRP 1.44 ±0.03 5.86 ±1.47 6.06 ±1.37

AIS – acute ischemic stroke, AS – atherosclerosis, HC – healthy control subjects, 
SD – standard deviation, LDL – low-density lipoprotein, HDL – high-density 
lipoprotein, TC – total cholesterol, PLT – platelets, ApoA1 – apolipoprotein A-1, 
ApoB – apolipoprotein B, CRP – C-reactive protein
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(Fig. 3B, C). Similarly, miR-129-1-3p simulation sig-
nificantly down regulated Runx2 levels, while miR-129-
1-3p inhibitors promoted Runx2 expression (p < 0.05) 
(Fig. 3D, E). These results suggest that miR-129-1-3p has 
a negative effect on the growth of cortical axons by tar-
geting Runx2.

Discussion

Acute ischemic stroke has a  high incidence and 
mortality rate and is a  serious global medical issue. 
Accurate and rapid identification of AIS plays an 
important role in shortening the time before blood flow 

miR-129-1-3p miR-4312 miR-5196-3p

Fig. 1. Differential expression of miRNAs among HC, AS and AIS groups. A) Volcano Plot of differential 
expression miRNAs between AIS and HC group. B) Volcano Plot of differential expression miRNAs between 
AIS and AS groups (Log2Fold changes > 1, p < 0.05). Red blocks indicate elevated differentially expressed 
miRNAs; green blocks indicate reduced differentially expressed miRNAs; grey blocks indicate miRNAs with 
no expression difference. C) miRNA differential expression between HC, AS, and AIS groups in a Venn dia-
gram. The Venn diagram shows that three miRNAs (miR-129-1-3p, miR-4312, miR-5196-3p) were differen-
tially expressed in the AIS group compared to HC and AS groups. D) The expression levels of miR-129-1-3p, 
miR-4312, miR-5196-3p in HC, AS and AIS groups. miR-129-1-3p and miR-4312 were highly expressed in 
the AS group and further increased in the AIS group. The expression of miR-5196-3p was decreased slightly 
in the AS group, but was elevated in the AIS group.
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Table II. List of differentially expressed miRNAs in acute ischemic stroke

miRNAs P value Regulation Fold change

miR-1273f 0.033371855 Down 6.458823

miR-1299 0.011499343 Down 17.777027

miR-3663-3p 0.036396313 Down 2.1093192

miR-4323 0.012690264 Down 2.1887002

miR-6087 0.023496168 Down 2.4054167

miR-6870-3p 0.049042206 Down 2.0777457

miR-765 0.03796658 Down 2.5112484

miR-129-1-3p 1.95E-07 Up 5.471257

miR-129-2-3p 0.00140898 Up 6.078157

miR-296-5p 0.002465383 Up 11.582435

miR-3151-3p 0.002273256 Up 11.992406

miR-3620-3p 0.04907799 Up 7.42919

miR-4312 9.59E-08 Up 15.551289

miR-4646-3p 2.01E-04 Up 11.134249

miR-4666b 5.90E-05 Up 17.304768

miR-4701-5p 3.04E-05 Up 19.272366

miR-5010-3p 7.30E-04 Up 12.716985

miR-5196-3p 3.05E-07 Up 5.2247877

miR-6756-3p 0.005132715 Up 11.8222885

miR-6759-3p 2.06E-05 Up 18.900421

miR-6796-3p 0.001725446 Up 10.2778015

miR-6834-3p 9.64E-04 Up 6.544613

miR-6855-3p 3.97E-05 Up 19.149551

miR-6877-3p 9.20E-04 Up 21.026161

miR-7114-3p 2.92E-04 Up 7.135053

miR-7845-5p 4.56E-05 Up 6.6251874

miR-98-3p 2.73E-04 Up 12.1707945

Table III. List of differentially expressed miRNAs between acute ischemic stroke and atherosclerosis groups

miRNAs P value Regulation Fold change

miR-184 0.01112759 Down 14.416237

miR-21-5p 0.02421851 Down 3.0550556

miR-29a-3p 0.03817539 Down 4.585285

miR-6774-5p 0.02157482 Down 10.382845

miR-129-1-3p 0.00594998 Up 3.6751456

miR-223-3p 0.04951954 Up 3.0386822

miR-4312 0.01372297 Up 7.9141707

miR-5196-3p 3.38E-08 Up 5.554728

miR-6890-3p 0.01293834 Up 4.6251683
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Enriched biological processes of targets of miR-129-1-3p

Positive regulation of transforming growth factor β3 production
Regulation of calcineurin-NFAT signalling cascade

Arterial endothelial cell differentiation
Peptidyl-proline hydroxylation to 4-hydroxy-L-proline

Positive regulation of calcium ion-dependent exocytosis
Regulation of sodium ion transmembrane transporter activity

Membrane depolarization during action potential
Calcium ion-regulated exocytosis of neurotransmitter

Regulation of insulin secretion
Fibroblast growth factor receptor signalling pathway

Activation of cysteine-type endopeptidase activity involved in apoptotic process
Platelet activation

Axon guidance
MAPK cascade

Protein phosphorylation
Protein ubiquitination

Apoptotic process
Negative regulation of transcription from RNA polymerase II promoter
Positive regulation of transcription from RNA polymerase II promoter
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Fold enrichment

Fold enrichment

Fig. 2. Biological function of miR-129-1-3p target genes. A) The protein interaction network of miR-129-
1-3p. Active interaction sources included text mining, experiments, database, and co-expression. Runx2 
is widely associated with other proteins in the protein interaction network of miR-129-1-3p target genes.  
B-E) GO Enrichment and KEGG pathway analysis of miR-129-1-3p target genes. The height of each his-
togram indicated the fold enrichment for the corresponding cellular component. Red histogram bars are 
related to neurite growth and synaptic function.

Peptidyl-proline 4-dioxygenase activity

Transcription factor activity, protein binding

Transcription factor activity, RNA polymerase II core promoter sequence-specific

Fibroblast growth factor receptor binding

Phosphatidylserine binding

Sodium channel regulator activity

Transcription cofactor activity

Ion channel binding

Thiol-dependent ubiquitin-specific protease activity

Transcriptional activator activity, RNA polymerase II core promoter proximal region sequence-specific binding

Ubiquitin-protein transferase activity

RNA polymerase II core promoter proximal region sequence-specific DNA binding

Protein binding 

Type II diabetes mellitus

Colorectal cancer

Axon guidance

Renal cell carcinoma

Retrograde endocannabinoid signalling

Choline metabolism in cancer

Ubiquitin mediated proteolysis

Sphingolipid signalling pathway

cGMP-PKG signalling pathway

Alcoholism

MAPK signalling pathway

Pathways in cancer 

0 10 20 30 40 50 60

0 1 2 3 4 5 6 7 8 9

Enriched molecular function of targets of miR-129-1-3p

Enriched KEGG pathway of targets of miR-129-1-3p

D

E

to the brain is restored and therefore can affect prog-
nosis. Our study investigated potential biomarkers and 
treatment targets for LAA-type AIS, which was the one 
of AIS hypotypes rarely research by current study.

In our study, we compared plasma miRNAs expres-
sion levels in a patient group with LAA subtypes of 
acute ischemic stroke (AIS), stroke-free large arterio-
sclerosis (AS) and healthy controls using microarray 
analysis. MiR-129-1-3p, miR-4312 and miR-5196-3p 
were differentially expressed in the AIS group com-
pared with AS and HC groups; miR-129-1-3p and miR-
4312 were upregulated in both AS and AIS groups. 
A  recent review concluded that more than twen-
ty miRNAs were differentially expressed in the AIS 
group, such as miR-106b was reported as differential-
ly expressed in at least 2 studies [20]. However, to our 
knowledge, this is the first study to show a differen-

tial expression of miR-129-1-3p and mir-4312 in both 
AIS and AS groups. Thus, we selected miR-129-1-3p 
to further explore its possible biological function and 
investigate its target genes in relation to AIS.

 Gene ontology (GO) and KEGG pathway analy-
sis revealed that target genes of miR-129-1-3p were 
enriched in pathways associated with axonal and 
synaptic regulation, including axon guidance, retro-
grade endocannabinoid signalling and the sphingo-
lipid signalling pathway [1,3,20]. The axon guidance 
pathway has also been shown to been rich in AIS in 
another study [12], it suggests that axon growth plays 
an important role in the pathological process of AIS. 
Furthermore, the current researches focus on identi-
fying the differentially expressed microRNAs profiles 
of yang and yin syndromes in the AIS patient, aim to 
provide the different molecular basis of the different 
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classification. For example, Zhao et al. reported that 
the key regulatory miRNAs, gene, and pathways in 
the yang syndrome were hsa-miR-93-5p and -320b, 
enabled homolog, the metabolic pathways and mito-
gen-activated protein kinase signalling pathways, 
respectively, while those in the yin syndrome were 
hsa-miR-424-5p and -106b-5p, CNOT4, hepatitis B and 
pathways in cancer, respectively [25].

Our database analysis predicted that Runx2 
might be a target gene of miR-129-1-3p. The current 

study has demonstrated that miR-129-1-3p could 
target Runx2 in endothelial progenitor cells and thus 
to inhibit endothelial progenitor cell differentiation 
and angiogenesis [11]. However, no studies have 
so far been conducted to verify the interaction of 
miR-129-1-3p and Runx2 in cortical neurons. In the 
central nervous system, Runx2 is expressed in the 
suprachiasmatic nucleus, paraventricular nucleus, 
and olfactory bulb [19]. Following SNC injury, levels of 
Runx2 significantly increase within 3 days, peak after 

Fig. 3. The regulatory role of miR-129-1-3p in cortical neurite outgrowth. A) Potential miRNAs targeting 
Runx2 from four databases. All four databases return miR-129-1-3p. B, C) Neuronal outgrowth in presence 
of miR-129-3p mimics and inhibitor. miR-129-3p mimics inhibited the cortical neuron axon growth while 
miR-129-3p inhibitor enhanced the cortical neuron axon growth. D, E) Mir-129-3p negatively regulates 
Runx2. miR-129-3p mimics significantly downregulated level of Runx2, while miR-129-3p inhibitor promot-
ed the expression of Runx2.

m
iR

DB

Starbase

TargetScan

 NF-200 DAPI Merge

 
In

hi
bi

to
r 

   
M

im
ic

s 
Co

nt
ro

l

1045

12

0

0

1

43

25

20

33

63

25

70

127

475

231

A B

C
D

E

M
ea

n 
to

ta
l l

en
gt

h 
of

 n
eu

rit
es

 (p
er

 n
eu

ro
n)

 (μ
m

)

Re
la

ti
ve

 e
xp

re
ss

io
n 

of
 R

un
x2

400

300

200

100

0

2.0

1.5

1.0

0.5

0.0

 Control Mimics Inhibitor

 Control Mimics Inhibitor

 Control Mimics Inhibitor

G
A

PD
H

 
Ru

nx
2

miRWalk



219Folia Neuropathologica 2022; 60/2

Biomarker of acute ischemic stroke

1 week, and then return to normal levels by 4 weeks. 
When Runx2 expression is inhibited, neurite out-
growth in PC12 cells stimulated with NGF for 3 days 
can be inhibited, and a  decrease in NF200 expres-
sion, which is closely related to neurite outgrowth, 
is observed [6]. Chen et al. have shown that Runx2 
can reduce the inhibitory effect of high glucose- 
induced osteoblast differentiation by regulating the 
PI3K/AKT/GSK3β/β-catenin pathway [5]. And Bai et al. 
proposed that miR-196b can inactivate the PI3K/
AKT/GSK3β pathway through the down-regulation  
of Runx2 [2]. The PI3K/Akt/GSK3β pathway is essen-
tial for neuronal differentiation [6]. In addition, PI3K 
is also related to the formation of autophagosomes, 
and an increase of autophagosomes is detected in 
brain tissue after stroke [18], suggesting that miR-
129-1-3p may induce the loss of autophagocyte-re-
lated neurons, aggravating stroke injury by targeting 
the Runx2/PI3K pathway.

This study has some limitations. Firstly, the sam-
ple size included in the study was small, and the 
potential confounding factors such as lifestyle and 
family history were not controlled. Our results need 
to be further validated in larger studies to confirm 
the elevated level of miR-129-1-3p in large athero-
sclerosis in acute ischemic stroke. In addition, it is 
also necessary to determine the sensitivity and 
specificity of miR-129-1-3p in detecting LAA-AIS and 
its expression in other types of ischemic stroke.

Conclusions

In summary, our study suggests that miR-129-1-3p 
and miR-4312 may be involved in the pathophysio-
logical process of AIS. It was also revealed that miR-
129-1-3p targets Runx2 and affects axon growth in 
cortical neurons. Our results also suggest that miR-
129-1-3p may be a  biomarker of arterial cerebral 
infarction and may further represent a  therapeutic 
target for stroke.
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