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Objective : The present study aimed to identify the function of ischemic stroke (IS) patients’ peripheral blood and its role in IS, 
explore the pathogenesis, and provide direction for clinical research progress by comprehensive bioinformatics analysis.
Methods : Two datasets, including GSE58294 and GSE22255, were downloaded from Gene Expression Omnibus database. GEO2R 
was utilized to obtain differentially expressed genes (DEGs). Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment analysis of DEGs were performed using the database annotation, visualization and integrated discovery 
database. The protein-protein interaction (PPI) network of DEGs was constructed by search tool of searching interactive gene and 
visualized by Cytoscape software, and then the Hub gene was identified by degree analysis. The microRNA (miRNA) and miRNA 
target genes closely related to the onset of stroke were obtained through the miRNA gene regulatory network.
Results : In total, 36 DEGs, containing 27 up-regulated and nine down-regulated DEGs, were identified. GO functional analysis 
showed that these DEGs were involved in regulation of apoptotic process, cytoplasm, protein binding and other biological 
processes. KEGG enrichment analysis showed that these DEGs mediated signaling pathways, including human T-cell lymphotropic 
virus (HTLV)-I infection and microRNAs in cancer. The results of PPI network and cytohubba showed that there was a relationship 
between DEGs, and five hub genes related to stroke were obtained : SOCS3, KRAS, PTGS2, EGR1, and DUSP1. Combined with the 
visualization of DEG-miRNAs, hsa-mir-16-5p, hsa-mir-181a-5p and hsa-mir-124-3p were predicted to be the key miRNAs in stroke, 
and three miRNAs were related to hub gene.
Conclusion : Thirty-six DEGs, five Hub genes, and three miRNA were obtained from bioinformatics analysis of IS microarray data, 
which might provide potential targets for diagnosis and treatment of IS.
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INTRODUCTION

Stroke, one of the most common clinical cardiovascular 

and cerebrovascular diseases in China, is characterized by 

high morbidity (50%) and disability rate (20%), even become 

life-threatening in severe cases35). Stroke is a complex neuro-

http://crossmark.crossref.org/dialog/?doi=10.3340/jkns.2021.0200&domain=pdf&date_stamp=2022-09-01
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logical disease caused by multiple factors, including un-

changeable factors (genetic factors) and changeable factors 

(environmental factors). However, none of these mechanisms 

can fully explain the pathogenesis of stroke. Epidemiological 

studies have extensively considered that the occurrence of 

stroke has a greater relationship with genetic factors19). Based 

on the National Stroke Epidemiological Survey (China), the 

incidence rate of stroke and the age-standardized incidence 

rate among Chinese residents had been reported to be 

345.1/100000 and 246.8/100000, respectively, in 201331). The 

incidence of ischemic stroke (IS) and hemorrhagic stroke in 

China, as shown by the 2016 Global Burden of Diseases, was 

276.75/100000 and 126.34/100000, respectively14). In recent 

years, amounts of researches have revealed that the incidence 

of IS in China has consistently increased. 

In China, the incidence of stroke has exhibited sustained 

growth within the last three decades. With the acceleration of 

aging population and urbanization as well as unhealthy life-

style, risk factors for stroke are generally exposed, and the in-

cidence of stroke has risen sharply. The burden of stroke in 

Fig. 1. Volcano plot. A : Volcano plot of DEGs in GSE58294. B : Volcano plot of DEGs in GSE22255. FDR : false discovery rate, DEGs : differentially expressed 
genes.
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Fig. 2. Clustering heatmap. The horizontal axis represented the gene ID, and the vertical axis represented the group name of the sample. Red indicated 
high gene expression, blue indicated low gene expression, and (A and B) indicated GSE58294 and GSE22255 heatmap, respectively.
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our country exhibits an explosive growth trend and a signifi-

cant trend of rapid growth among low-income groups, obvi-

ous gender and regional differences as well as getting younger. 

It is estimated that the incidence of cerebrovascular disease 

events in 2030 will be about 50% higher than that in 201016,23). 

IS accounts for more than 85% of stroke, and has a trend of 

younger age. Moreover, IS with high morbidity, disability, re-

currence, and death rate. IS has been confirmed to cause a se-

ries of complications such as permanent neurological deficit, 

disability and even death in patients. In addition, it may also 

lead to dementia in the elderly, senile epilepsy and post-stroke 

depression29), which has exerted a great burden on country, 

families and society, making it an important public health 

problem. Therefore, it is of great significance to further ex-

plore the mechanism of the occurrence and development of 

IS, and to find effective predictors and therapeutic targets.

Bioinformatics analysis is an important part of molecular 

biology and it is widely used to associate diseases with genes, 

explain the pathogenesis of diseases, and lay the foundation 

for the diagnosis, treatment and prognosis of diseases27). The 

GEO database of the National Center for Biotechnology In-

formation (NCBI) is considered the most comprehensive pub-

lic repository of large-scale genomics data, which can not only 

efficiently store high-throughput functional genome data, but 

also provide complete and well-annotated data storage. The 

original data are extracted from GEO database, and the dif-

ferentially expressed genes (DEGs) are screened by bioinfor-

matics software and methods. The molecular mechanism of 

DEGs regulating IS metastasis was further analyzed by using 

Gene Ontology (GO), Kyoto Encyclopedia of Genes and Ge-

nomes (KEGG), and database annotation, visualization and 

integrated discovery (DAVID). The protein-protein interac-

tion (PPI) network is constructed by using the search tool of 

searching interactive gene (STRING) database and Cytoscape 

software, and the Hub gene is identified according to the core 

modules.

The purpose of the present study was to analyze the molec-

ular mechanism of IS by bioinformatics methods, to find the 

key genes of stroke, and to provide reference information for 

the diagnosis, treatment and evaluation of IS.

MATERIALS AND METHODS

The research was under the approval of the Ethics Commit-

tee of The First Affiliated hospital of Dali University.
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Fig. 3. Venn diagram. A and B : They showed the intersection of up-regulated and down-regulated genes in the GSE58294 and GSE22255 data sets, 
respectively.

Table 1. Screening DEGs in IS patients by integrated microarray

DEGs Gene terms

Downregulated FTH1 STK17B VIM SIK3 SPIDR DUSP1 OSM ANKRD28 SAMSN1 WTAP TMX4 KRAS PTGS2 MYNN ZFAND5 SOCS3 TANK 
YOD1 LOC101928269///LOC100506403///RUNX1 BCL10 SRGN LOC100996756 LOC100129518///SOD2 HIST1H2BC///
HIST1H2BI///HIST1H2BE///HIST1H2BF///HIST1H2BG EGR1 LEPROT///LEPR NUDT4P1///NUDT4P2///NUDT4

Upregulated GIMAP1 RUNX1-IT1 FAM200A KNOP1 ANAPC5 NOC2L ZNF420 ZNF404 IGKC

DEGs : differentially expressed genes, IS : ischemic stroke
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Search and download of microarray data
The microarray data was downloaded from the GEO data-

base (http://www.ncbi.nlm.nih.gov/geo/) with the keywords 

“ischemic stroke”. The selection criteria of CHIP contained : 

1) sequencing blood samples derived from clinical IS patients, 

excluding animal sources; 2) enrolled studies all had control 

groups; and 3) the chip platform included gene type and gene 

ID information. Two data sets, GSE58294 and GSE22255, were 

finally selected based on the above criteria. The data platform 

of GSE58294 was based on GPL570, including 69 cases in IS 

group and 23 cases in normal control group. The data plat-

form of GSE22255 was based on GPL570, including 20 cases 

in IS group and 20 cases in normal control group. 

Identification of DEGs
The IS group and control group samples of the two data sets 

was analyzed using GEO2R online analysis tool (http://www.

ncbi.nlm.nih.gov/geo/geo2r), and the DEGs were obtained re-

spectively. The screening criteria for the DEGs were as follows : 

p-value <0.05, |log2FC| >0.5). The DEGs with a logFC >0 were 

considered upregulated genes, while the DEGs with a logFC 

<0 were considered downregulated genes. The intersection of 

genes with up-regulated and down-regulated expression in 

the two data sets were taken, and the co expressed up-regulat-

ed or down-regulated genes were screened. Funrich Software 

(version 3.0; http://funrich.org/index.html) was utilized to 

generate the Venn diagram of DEGs.
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Fig. 4. Boxplot of GSE58294 and GSE22255 data. Con : control, IS : ischemic stroke.
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Functional enrichment analysis
GO and KEGG pathway enrichment analysis were used for 

DEGs using the DAVID database (https://david.ncifcrf.gov/)13), 

and the biological process (BP) analysis and KEGG signal 

pathway results of DEGs were obtained. The GO covered 

three domains : BP, cellular component (CC), and molecular 

function (MF). p<0.05 was determined as statistically signifi-

cant.

PPI network construction
The DEGs were input into STRING database (https://

string-db.org/) to construct PPI network.

PPI networks were constructed using the STRING obtained 

Cytoscape (https://cytoscape.org). PPI information obtained 

in the STRING was analyzed by Cytoscape, and the core tar-

gets in the PPI network were determine by Cytohubba soft-

ware according to the centrality score for screening for core 

pathogenic genes.

Hub gene related-microRNA (miRNA) 
The top 5 hub gene were mapped to corresponding miR-

NAs using NetworkAnalyst 3.0 (https://www.networkanalyst.

ca/). The NetworkAnalyst 3.0 is a visual online platform used 

for finding miRNA-gene interactions in Gene Regulatory 

Networks. The hub genes-miRNA network maps were con-

structed using Cytoscape ver. 3.7.2.

RESULTS

Identification of DEGs in IS
According to the screening criteria, IS related expression 

data sets GSE58294 and GSE22255 were extracted from GEO 

database. According to the criteria of p<0.05 and |log2FC| ≥0.5, 

there was a total of 981 DEGs in GSE58294, including 749 up-

regulated genes and 232 down-regulated genes in DEGs re-

spectively. A total of 1550 DEGs in GSE22255, including 1341 

up-regulated genes and 119 down-regulated genes in DEGs 

respectively. The gene expression profiles of two DEGs con-

taining two sets of sample data were shown in Fig. 1. Cluster 

analysis was performed on the chip information to construct 

the heatmap (Fig. 2), and the results showed that there were 

differences in the expression of DEGs in IS. The aforemen-

tioned genes were further screened and analyzed by Venn dia-

gram. As shown in Fig. 3, 36 genes were significantly differen-

tially expressed between the two groups, of which 27 genes 

were up-regulated and nine genes were down-regulated, dem-

onstrate in Table 1. The expression of GSE58294 ranged from 

-6 to 6, and the expression of GSE22255 ranged from 2 to 12. 

The variation range of the two data sets was relatively small, 

and the results were shown in Fig. 4.

Fig. 5. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis. A : GO analysis showed the 
enrichment of differentially expressed genes (DEGs) in cellular component (CC), biological process (BP), and molecular function (MF). B : KEGG 
enrichment analysis of DEGs. UV : ultraviolet, VEGF : vascular endothelial growth, HTLV : human T-cell lymphotrophic virus.
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GO functional enrichment analysis and KEGG 
pathway enrichment analysis

GO and KEGG analyses of the 27 up-regulated genes and 

nine down-regulated genes were performed using DAVID. Fi-

nally, a total of 14 GO items with statistically significant were 

obtained, including three CC entries, eight BP entries, and 

three MF entries. Results showed that GO BP was significantly 

enriched in Regulation of apoptotic process, Response to glu-

cocorticoid, Fc-epsilon receptor signaling pathway and other 

processes; CC was mainly in cytoplasm and Nucleus process-

es; and MF was mainly enriched in protein binding process. 

The above-mentioned results were shown in Fig. 5 and Table 2. 

Enrichment analysis of KEGG pathway showed that DEGs 

was significantly enriched in human T-cell lymphotrophic vi-

rus (HTLV)-I infection and miRNAs in cancer, the results of 

functional analysis were shown in Fig. 5 and Table 3.

Table 2. GO for DEGs between the control and IS groups

Category Term Count Gene ratio p-value
Fold 

enrichment
Genes

BP GO:0042981 
Regulation of apoptotic process

4 12.90 0.00422 11.68 EGR1, DUSP1, BCL10, ZNF420

BP GO:0051384
Response to glucocorticoid

3 9.68 0.00452 28.70 DUSP1, KRAS, PTGS2

BP GO:0038095
Fc-epsilon receptor signaling 

pathway

3 9.68 0.0307 10.48 IGKC, KRAS, BCL10

BP GO:0071479
Cellular response to ionizing 

radiation

2 6.45 0.0469 40.12 TANK, SPIDR

BP GO:0042517
Positive regulation of tyrosine 

phosphorylation of Stat3 
protein

2 6.45 0.0572 32.73 SOCS3, OSM

BP GO:0034644
Cellular response to UV

2 6.45 0.0660 28.27 NOC2L, PTGS2

BP GO:0040008
Regulation of growth

2 6.45 0.0790 23.47 SOCS3, OSM

BP GO:0007249
I-kappaB kinase/NF-kappaB 

signaling

2 6.45 0.0889 20.73 BCL10, TANK

CC GO:0005737
Cytoplasm

13 41.94 0.0764 1.56 EGR1, DUSP1, ZFAND5, BCL10, NOC2L, PTGS2, 
TANK, SOCS3, FAM200A, FTH1, SIK3, KRAS, VIM

CC GO:0005634
Nucleus

13 41.94 0.0966 1.51 EGR1, WTAP, DUSP1, MYNN, YOD1, BCL10, 
NOC2L, PTGS2, SAMSN1, STK17B, FTH1, 
ZNF404, ANAPC5

CC GO:0005829
Cytosol

10 32.26 0.0544 1.90 ANKRD28, SOCS3, FTH1, KRAS, YOD1, ANAPC5, 
BCL10, VIM, TANK, SAMSN1

MF GO:0005515
Protein binding

20 64.52 0.0673 1.33 ANKRD28, SRGN, EGR1, WTAP, DUSP1, ZFAND5, 
YOD1, BCL10, NOC2L, PTGS2, TANK, SPIDR, 
SOCS3, FAM200A, FTH1, SIK3, ZNF404, KRAS, 
VIM, ZNF420

MF GO:0046872
Metal ion binding

8 25.81 0.0478 2.25 EGR1, MYNN, ZNF404, KRAS, YOD1, PTGS2, TANK, 
ZNF420

MF GO:0031625
Ubiquitin protein ligase binding

3 9.68 0.0815 6.08 YOD1, BCL10, TANK

GO : Gene Ontology, DEGs : differentially expressed genes, BP : biological process, CC : cellular component, UV : ultraviolet, MF : molecular function
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Construction of PPI network and selection of 
hub gene 

The PPI network of DEGs was constructed using STRING 

ver. 10 and the result was shown in Fig. 6A. And then, the PPI 

network of the 27 up-regulated genes and nine down-regulat-

ed genes was analyzed by Cytoscape software. The PPI infor-

mation was analyzed by cytohubba software for determining 

the core targets in the network. Eventually, five core genes 

were obtained, namely SOCS3, KRAS, PTGS2, EGR1, and 

DUSP1. According to the node degree score generated by Cy-

toscape, the potential hub genes were identified, including 

SOCS3 (6 points), KRAS (4 points), PTGS2 (4 points), EGR1 (3 

points), and DUSP1 (3 points). The results were shown in Fig. 

6B.

Integrated miRNA/gene regulatory network
The significantly different miRNA gene regulatory network 

was constructed by using Cytoscape software, and miRNA 

was predicted based on the network analysis database. The 

top 5 DEGs and their corresponding regulatory miRNAs mol-

ecules were shown in Fig. 7. The results showed that KRAS, 

PTGS2, and SOCS3 could be used as the common target for 

predicting hsa-mir-16-5p, whereas the common targets of hsa-

mir-181a-5p were KRAS, PTGS2, and EGR1, the common tar-

gets of hsa-mir-124-3p were PTGS2 and EGR1. The above 

findings were needed to further validate in future research.

DISCUSSION

In the present study, the gene chip information of IS was 

obtained through GEO database, and a total of 36 DEGs, con-

taining 27 up-regulated, and nine down-regulated DEGs. 

Then, GO function analysis and KEGG pathway enrichment 

analysis of DEGs were performed, and the results of GO anal-

ysis were closely related to regulation of patriotic process, cy-

ANAPC5
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Fig. 6. A : The protein interaction network of ischemic stroke-related differentially expressed genes. The edge between two nodes represented the 
gene-gene interaction. B : The protein interaction network of five pivotal genes. The node color represented the degree. Red represented the highest 
degree and yellow represented the lowest degree.

Table 3. KEGG pathway enrichment terms for DEGs between the control and IS groups

Category Term Count Gene ratio p-value Fold enrichment Genes

KEGG_PATHWAY hsa05166
HTLV-I infection

3 9.68 0.0600 6.77 EGR1, KRAS, ANAPC5

KEGG_PATHWAY hsa05206
MicroRNAs in cancer

3 9.68 0.0740 6.01 KRAS, VIM, PTGS2

KEGG_PATHWAY hsa04370
VEGF signaling pathway

2 6.45 0.0934 18.80 KRAS, PTGS2

KEGG : Kyoto Encyclopedia of Genes and Genomes, DEGs : differentially expressed genes, IS : ischemic stroke, VEGF : vascular endothelial growth, HTLV :  
human T-cell lymphotrophic virus
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toplasm and protein binding, while the results of KEGG anal-

ysis were mainly related to HTLV-I infection and miRNAs in 

cancer pathway. To analyze the interaction between DEGs 

genes, PPI network diagram was constructed, and the results 

indicated that SOCS3, KRAS, PTGS2, EGR1, and DUSP1 

genes are closely related to IS pathological process. In addi-

tion, gene regulatory network had demonstrated that multiple 

genes could be used as the targets of hsa-mirRNA.

Five core genes related to IS were identified from PPI net-

work diagram. Suppressor of cytokine signaling (SOCS) plays 

an important regulatory role in the process of cytokine signal 

transduction. SOCS is ubiquitous in various tissues and or-

gans, with a total of seven superfamilies, among which SOCS3 

is related to the signal regulation function of tumor necrosis 

factor-α (TNF-α)26). SOCS3, an inhibitory regulator mediated 

by cytokines, is closely related to the occurrence and negative 

regulation of inflammatory reaction. TNF-α, one of the im-

portant inf lammatory cytokines that induce SOCS3 activa-

tion, can regulate SOCS3 gene by inducing Janus kinase/signal 

transducers and activators of transcription 3 signal pathway, 

Fig. 7. Integrated microRNA (miRNA)-differentially expressed genes network of the top five pivotal genes. Blue hexagons represented five central 
genes. Yellow triangle represented hub gene related-miRNA.
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thereby up-regulating the expression of SOCS3 gene and pre-

venting the degradation of SOCS3 protein8,12,24). Moreover, 

SOCS3 happens to be an important negative regulator in 

aforementioned signaling pathway, which may lead to the in-

hibited the activity of Janus kinase/signal transducers and ac-

tivators of transcription 3 signaling pathway34). Previous stud-

ies have demonstrated an association between the IS abnormal 

activation of immunity and the occurrence and development 

of IS, which might result in abnormal levels of inflammatory 

factors in vivo38). Studies have shown that the more severe the 

condition of IS patients, the more severe the inflammatory re-

action in the body and the more expression of inflammatory 

factors, which not only promotes the formation, development, 

rupture and thrombosis of atherosclerotic plaques, but also 

participates in the early reperfusion injury and inflammatory 

reaction in patients with IS4). SOCS3 is related to inflamma-

tion, and inflammation plays a key role in the occurrence and 

development of IS. Therefore, we speculated that SOCS3 may 

participate in the pathogenesis of IS through inf lammatory 

factors. The PTGS2 gene is located at 1q25.2-q25.3 has a total 

length of 813 kb, including 10 exons and nine introns, and en-

codes COX-2. The expression of PTGS2 gene is highly re-

stricted under basic conditions and is almost not expressed 

under normal physiological conditions. However, under many 

pathological conditions, COX-2 may overexpress due to vari-

ous stimuli from the internal and external environment.

Prostaglandins (PGs), produced by COX-2 catalyzing ara-

chidonic acid, is one of two important molecules that mediate 

inflammation. The expression of COX-2 and the synthesis of 

PGs play an important role in the pathophysiological process 

of chronic inflammation. Overexpression of COX-2 may lead 

to inflammation of blood vessel walls, plaque instability and 

intimal hyperplasia32). Therefore, the cyclooxygenase gene 

PTGS2 encoding COX-2 may be closely related to the occur-

rence of stroke through inflammation, and the PTGS2 gene 

polymorphism has been confirmed to be associated with the 

occurrence of stroke. A small case-control study found that 

the G765C polymorphism of PTGS2 gene was positively cor-

related with the occurrence of ischemic cerebrovascular dis-

ease, and remained positive correlation after adjusting for tra-

ditional risk factors5). Kohsaka et al.17) found that the G765C 

polymorphism of the PTGS2 gene was a risk factor for stroke 

and coronary heart disease. Therefore, the results of our study 

indicated that the correlation between the PTGS2 gene and IS 

was consistent with the results of previous studies, but the 

specific mechanism remained to be further studied.

Early growth response 1 (EGR1), also known as nerve 

growth factor inducible factor, is a member of the immediate 

early genes, which is characterized by rapid and short-time ac-

tivation after a series of external stimuli. EGR1 is hardly ex-

pressed or low-expressed in normal somatic cells. Once cells 

are stimulated by a variety of extracellular signals, the body 

can activate the transcription of EGR1 through one or more 

signal transduction pathways. Activated EGR1 can regulate 

cell function and exert various biological effects after binding 

to specific binding sites on target gene promoters. As an exog-

enous stimulus, ischemia and hypoxia can induce cells to rap-

idly overexpress EGR1. As an important nuclear transcription 

factor, EGR1 plays an important role in regulating cell growth, 

differentiation, development, proliferation, and inflammatory 

response. Especially in the inflammatory response, EGR1 can 

initiate and amplify the inflammatory response. In the brain 

tissue after IS, the post-stroke inflammatory response induced 

by overexpression of EGR1 may cause secondary damage to 

the ischemic brain tissue25). Furthermore, EGR1 is involved in 

a variety of pathophysiological processes, including cell prolif-

eration, differentiation and apoptosis, thrombosis, inflamma-

tion, and DNA repair9,25,28,30). It has been reported that EGR1 

could aggravate inf lammation and nerve injury after isch-

emia33). The results of the present study indicated that SOCS3, 

PTGS2, and EGR1 were the core genes for the occurrence of 

IS, most of which were related to inflammation. Inflamma-

tion is the core link of IS damage and is closely related to the 

occurrence of IS. We therefore speculated that hub genes may 

participate in the occurrence of IS by affecting the inflamma-

tory response. This finding was in accordance with those of 

previous studies, however, the underlying mechanism in de-

tail required further study.

The five hub genes in the pathogenesis of IS were identified 

by using the STRING software of Cytoscape. The results of 

miRNA regulation showed that multiple hub genes could be 

used for predicting the common target miRNA, and miRNA 

could regulate gene expression by combining with the 3’UTR 

of the target gene. With the continuous deepening of research, 

the regulatory scope and diversity of miRNA regulatory mol-

ecules have been confirmed by increasing number of stud-

ies15,37). MiRNA not only involves the normal BP of the host, 

during which it inhibits the transcription of the target gene 
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and regulates the cell cycle, cell differentiation, apoptosis, an-

giogenesis and metabolism, but also participates in the regula-

tion of oxidative stress, inflammation of the body, cell prolif-

eration and migration20,39). There is a certain correlation 

between miRNA and stroke. During the onset of stroke, some 

miRNAs can play the role of anti-ischemia, anti-oxidation, 

and protection of cranial nerves, while some miRNAs are re-

lated to reperfusion nerve damage36). It was found that the lev-

els of serum miR-124, miR-134 and inf lammatory factors 

were abnormally increased, and miR-124 and miR-134 were 

related to the severity of the disease and inflammatory reac-

tion. Detection of serum miR-124 and miR-134 may be an im-

portant means for clinical diagnosis of stroke and assessment 

of the disease10). Considerable studies have shown that miR-

NAs play an important role in the occurrence and develop-

ment of various cardiovascular diseases, and miRNAs are in-

volved in the process of apoptosis in cardiovascular diseases22), 

and thus miRNAs may be potential targets for the treatment 

of cardiovascular diseases. In our study, there were three miR-

NAs closely related to IS, including hsa-mir-16-5p, hsa-mir-

181a-5p and hsa-mir-124-3p, all of which had been reported in 

diseases. Mir-16-5p can regulate thioredoxin-interacting pro-

tein (TXNIP), while TXNIP can regulate the redox state of 

cells and induce oxidative stress, resulting in inflammation or 

apoptosis. In addition, mir-16-5p can affect lipopolysaccha-

ride-induced cardiomyocyte damage through TXNIP1).

It has been reported that mir-16 can regulate the apoptosis 

of lung epithelial cells after oxidative stress2), which indicated 

that mir-16 may be involved in oxidative stress. In the present 

study, mir-16-5p might play a role in the occurrence of IS by 

regulating oxidative stress. Mir-124 -3p is of great significance 

in regulating oxidative stress and inflammatory response in-

duced by traumatic brain injection (TBI). The expression of 

mir-124-3p is down-regulated after TBI. There- fore, up-regu-

lation of mir-124-3p can inhibit the release of inflammatory 

factors, and overexpression of mir-124-3p can target and regu-

late the expression of downstream proteins, inhibit the in-

flammatory reaction of neurons and alleviate the development 

of TBI11). Mir-181a-5p is up-regulated in various diseases such 

as vasculitis and sepsis, and can promote the occurrence of 

inflammatory reactions6). Mir-181a-5p has been proved to be 

involved in the occurrence and development of various tu-

mors. Relevant studies on liver cancer found that mir-181a-5p 

has the function of tumor suppressor gene, and its expression 

in liver cancer tissue is reduced or even absent, which inhibits 

the function of tyrosine protein kinase receptor, thereby in-

hibiting the growth of tumor18). Mir-181a-5p is also considered 

as tumor suppressor gene in breast cancer, which has a signifi-

cant inhibitory effect on breast cancer cell proliferation and 

promotes breast cancer cell apoptosis after transfection21). 

Chen et al.3) found that gastric cancer tissue showed high ex-

pression of mir-181a-5p, which was positively correlated with 

the invasion and metastasis of gastric cancer. Meanwhile, the 

expression of mir-181a-5p in vitro was up-regulated, which 

could promote cell proliferation and metastasis, and has an 

effect similar to cancer-promoting genes3). In our study, the 

specific role of hsa-mir-16-5p, hsa-mir-181a-5p and hsa-mir-

124-3p remained unclear, but they might be related to oxida-

tive stress and inf lammatory reaction, thus participating in 

the progress of IS.

In view of the correlation between Hub gene and IS, as well 

as the correlation between miRNA and IS in this study, it can 

be known that the occurrence of IS was related to oxidative 

stress and inf lammatory reaction. Several evidences have 

shown that the sudden decrease or interruption of glucose and 

oxygen supply leads to the rapid disorder of brain energy me-

tabolism, which cause the generation of a large number of re-

active oxygen species and oxidation intermediates, resulting 

in severe oxidative stress injury in a short time. Oxidative 

stress is the result of injury process and self-regulation mecha-

nism under the imbalance of oxidation and antioxidation, and 

its core lies in the production of reactive oxygen species. In-

f lammation is one of the major sources of reactive oxygen 

species in subacute stroke. A large amount of reactive oxygen 

species produced in acute stroke can induce early inflamma-

tion, and then lead to the activation of various immune cells. 

There is also a relationship between oxidative stress and in-

f lammation. Oxidative stress can induce the damage of cell 

structure and the appearance of inflammatory reaction, and 

result in cell death after stroke in many ways7). The above-

mentioned evidences indicate that bioinformation analysis re-

sults are consistent with the laboratory results.

This study obtained information from the database for bio-

informatics analysis to find the key genes of IS, it also revealed 

that inf lammatory response and oxidative stress are closely 

related to the pathophysiological process of IS. Targeted thera-

py of key pathogenic genes such as SOCS3, KRAS, PTGS2, 

EGR1, and DUSP1, may provide new ideas for the treatment 
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of IS.

Bioinformatics analysis plays an important role in the treat-

ment of stroke, which contributes to better understand of the 

stroke pathogenesis and provide effective and novel strategies 

for the treatment. Conversely, the study has certain limitations : 

1) the small number of IS patients and normal group patients 

in the two microarray data, may affect the final results, and 

more samples are needed for verification, furthermore bioin-

formatics obtained with small samples can bias the results, 

and the actual bioinformatics result is different due to data 

change; 2) the specific molecular mechanism of hub genes and 

miRNAs in stroke regulation is insufficient; 3) in the con-

structed network, there is a lack of research on the functions 

of hub genes and miRNA; 4) this study is mainly bioinformat-

ics analysis, and some changes in the tools used in the analysis 

may lead to different results; and 5) bioinformatics obtained 

with small samples can bias the results, and the actual bioin-

formatics result is different due to data change.

CONCLUSION

Taken together, the present study identified DEGs related to 

IS using bioinformatics theories and techniques. These DEGs 

participated in BPs such as regulation of patriotic process, cy-

toplasm, protein binding, etc., and mediated signal pathways 

such as HTLV-I infection and miRNAs in cancer. Result of 

PPI indicated that DEGs were related to mediate the occur-

rence and development of stroke. SOCS3, KRAS, PTGS2, 

EGR1, and DUSP1, as Hub genes of stroke, were closely related 

to the pathological process of disease occurrence. Most of the 

top genes were related to inflammatory factors, which might 

participate in the occurrence of stroke through inflammatory 

reaction. The results of miRNA gene regulation confirmed 

that hsa-mir-16-5p, hsa-mir-181a-5p and hsa-mir-124-3p 

might be key miRNAs, and all three miRNAs were related to 

oxidative stress and inflammation. Therefore, it was speculat-

ed that three core miRNAs may influence the mechanism of 

stroke through oxidative stress and inflammation. The identi-

fication of genes and miRNAs mentioned above may contrib-

ute to the development of early diagnosis strategies, prognostic 

markers and therapeutic targets of stroke. Nevertheless, fur-

ther experimental studies are still required to verify the func-

tions of these molecules in stroke.
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