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ARTICLE INFO ABSTRACT
Keywords: Objective: Competitive endogenous RNA (ceRNA) networks have uncovered a novel mode of RNA
Ischemic stroke interaction, and are implicated in various biological processes and the pathogenesis of IS. This

Differentially expressed RNAs

study aimed to explore the potential mechanisms underlying the ceRNA network in IS.
ceRNA network

Methods: Four public datasets containing IncRNA and mRNA (GSE22255 and GSE16561) and
miRNA (GSE55937 and GSE43618) expression profiles from the GEO database were systemati-
cally analyzed to explore the role of RNAs in ischemic stroke (IS). Differentially expressed mRNAs
(DEmRNASs), IncRNAs (DEIncRNAs), and miRNAs (DEmiRNAs) between IS and normal control
samples were identified. LncRNA-miRNA and miRNA-mRNA interactions were predicted, and the
competing endogenous RNA (ceRNA) regulatory network was constructed using the Cytoscape
software. The correlation between the RNAs in the ceRNA network and the clinical features of the
samples was evaluated. Finally, principal component analysis was performed on the RNAs that
constitute the ceRNA regulatory network, and their differential expression and principal
component relationships among different types of samples were observed.

Results: A total of 224 DEmRNAs, 7 DEmiRNAs, and four DEIncRNAs related to IS in four datasets
were identified. Then, through target gene prediction, a IncRNA-miRNA-mRNA ceRNA network
that contained 3 DEIncRNAs, 2 DEmiRNAs, and 24 DEmRNAs was constructed. Correlations of
the clinical characteristics showed that PART1 and SERPINH1 were related to clinical diseases,
WNKI1 was related to lifestyle, and seven RNAs were related to age. PCA results indicate that three
principal components of PC1, PC2, and PC3 can clearly distinguish between control and IS
samples.

Conclusion: Overall, we constructed a ceRNA network in IS, which could offer insights into the
molecular mechanism and potential prognostic biomarkers for further research.

1. Introduction

Stroke is a destructive cerebrovascular event caused by the interruption of cerebral blood flow due to a blocked or burst blood
vessel, which leads to physical disability and multiple functional damage [1]. Ischemic stroke (IS) accounts for 60-70 % of the total
number of strokes and has the characteristics of high morbidity, high disability, high mortality, and a high recurrence rate [2]. IS
occurs due to the interruption of the blood supply to the brain, which is usually due to an embolism, arterial thrombosis or changes in

* Corresponding author.
E-mail address: kehong862@163.com (H. Ke).
1 Lin Cheng and Yun zhao contribute equally to the article.

https://doi.org/10.1016/j.heliyon.2024.e29651

Received 23 November 2023; Received in revised form 9 April 2024; Accepted 11 April 2024

Available online 20 April 2024

2405-8440/© 2024 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:kehong862@163.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e29651
https://doi.org/10.1016/j.heliyon.2024.e29651
https://doi.org/10.1016/j.heliyon.2024.e29651
http://creativecommons.org/licenses/by-nc-nd/4.0/

L. Cheng et al. Heliyon 10 (2024) 29651

arteriosclerosis [3]. IS triggers complex processes, including neuroinflammation, oxidative stress, excitotoxicity, and apoptosis,
leading to neuronal death [4]. IS can have multiple risk factors, including high blood pressure, high cholesterol, diabetes, smoking,
obesity, physical inactivity, and a family history of stroke [5]. Other factors such as age, gender, race, and genetics can also contribute
to the risk of IS [6]. The etiology and pathogenesis of IS are very complex, and the occurrence and development of IS cannot be fully
explained. Therefore, it is urgent to find a more effective method of preventing IS.

Non-coding RNA (ncRNA) is a type of RNA that has no protein-coding function [7]. MicroRNAs (miRNAs) are a type of short
(approximately 22 nt) ncRNA that can promote the degradation of targeted mRNAs and suppress translation, as well as negatively
regulating gene expression at the post-transcriptional level [8,9]. Long non-coding RNAs (IncRNAs) are more than 200 nt in length and
participate in a variety of physiological and pathological processes [10,11]. It has been reported that IncRNA is essential in brain
development and may be related to brain damage [12]. The endogenous RNA (ceRNA) network combines the functions of
protein-encoding mRNAs with the functions of ncRNAs [13]. When mRNA competes to bind miRNA, its stability is reduced, the
translation process is blocked, gene expression is affected, and a variety of ncRNAs participate in the regulation of mRNA coding
functions [14]. The ceRNA network plays a role in a variety of physiological and pathological processes.

In this study, the GEO database was used to identify DEmRNA, DEIncRNA, and DEmiRNA between IS and control tissues, and a
ceRNA network related to IS was constructed. This study aims to provide new insights on the role of IS-related RNAs and related ceRNA
regulation mechanisms for the diagnosis and treatment of IS.

2. Materials and methods
2.1. Microarray datasets

The keywords "Ischemic Stroke, Homo sapiens" were used to search the NCBI GEO [15] (https://www.ncbi.nlm.nih.gov/) database
for datasets that meet certain conditions. Datasets were required to meet the following criteria: (1) tissue samples are of the same type
(the same entity/blood/other tissue samples). (2) samples have detected at least one IncRNA, mRNA or miRNA. (3) samples include IS
disease and normal control samples, and each type of sample has at least two duplicate samples. According to these standards, four IS
datasets (GSE22255, GSE16561, GSE55937 and GSE43618) were downloaded from the GEO database. The details of each microarray
study are provided in Table 1.

2.2. Functional Re-annotation of IncRNAs and mRNAs

To obtain IncRNA and mRNA expression profiles, we re-annotated the obtained microarray data. Firstly, detailed annotation in-
formation of the Affymetrix human genome U133 Plus 2.0 array and the [llumina HumanRef-8 v3.0 expression bead chip platform
were downloaded from Ensembl Genome Browser 96 (http://asia.ensembl.org/index.html). The annotation information included
probe set ID, Ensemble ID, probe sequence, and other data. Probe sets were then assigned to the Ensemble gene IDs and GENCODE
annotation was obtained. Human coding and non-coding gene annotation files from the Ensemble database were used to extract the
matching information of the gene ID and gene symbol. When multiple probes are mapped to the same gene, the expression value of the
mRNA or IncRNA was calculated by determining the average expression value of all corresponding probes. Finally, 1708 IncRNAs and
17326 mRNAs were obtained after re-annotation.

Differentially expressed mRNAs (DEmRNAs), miRNAs (DEmiRNAs) and IncRNAs (DEIncRNAs) and functional enrichment analysis.

The Limma Version 3.34.0 [16] (https://bioconductor.org/packages/release/bioc/html/limma.html) in R3.6.1 language was used
to screen differentially expressed RNAs (DERNAS) (i.e. DEIncRNAs, DEmRNAs, and DEmiRNAs) for each dataset. The FDR value < 0.05
and |log2FC| > 0.5 were used as the threshold for screening DEIncRNAs, DEmRNAs, and DEmiRNAs. A Venn diagram was used to
identify the intersection of DERNAs, based on DAVID version 6.8 [17,18] (https://david.ncifcrf.gov/) and the GO (biology process)
and KEGG pathway enrichment analysis annotations for genes in the intersection DERNAs. P-value<0.05 was selected as the threshold
for enrichment significance.

2.3. Construction of the ceRNA network

The IncRNA-miRNA-mRNA ceRNA network is based on the hypothesis that IncRNAs can regulate mRNA activity by directly
interacting with miRNA sponges [19]. The construction of the ceRNA network involved two steps: (1) Relationships between the target
DEIncRNA and DEmiRNAs were searched from the DIANA-LncBasev2 database [20] (http://carolina.imis.athena-innovation.gr/
diana_tools/web/index.php?r=Incbasev2%2Findex-experimental). (2) Then, the starBase Version 2.0 database [18] (http://

Table 1

Associated microarray datasets from the gene expression omnibus (GEO) database.
PMID Record Tissue Platform Normal I
22453632 GSE22255 I Affymetrix Human Genome U133 Plus 2.0 Array 20 20
20837969/28446746,/29263821 GSE16561 1S Ilumina HumanRef-8 v3.0 expression beadchip 24 39
24911610 GSE55937 1S Affymetrix Multispecies miRNA-3 Array 24 24

23559260 GSE43618 1S Agilent-027233 Homo sapiens miRNA array 2 2
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starbase.sysu.edu.cn/), which integrates the target gene prediction information from targetScan, picTar, RNA22, PITA, and miRanda
databases, was used to predict the putative mRNA targets of DEmiRNAs that have a relationship with DEIncRNA in step (1). The
regulatory relationship contained in at least one of the databases was selected as the DEmiRNA-target gene pair. The mRNAs obtained
in step (2) were mapped to the target genes regulated by DEmiRNAs to construct a miRNA-mRNA regulatory relationship. Finally, the
DEIncRNA-DEmiRNA and DEmiRNA-DEmRNA connection network was established, and the IncRNA-miRNA-mRNA ceRNA network
was built and visualized using Cytoscape Version 3.6.1 (https://cytoscape.org/). Based on DAVID 6.8 online software, biological
process and KEGG pathway enrichment annotation were performed for genes in the ceRNA network. P-value<0.05 was selected as the
significance threshold.

2.4. Functional enrichment analysis

GO analysis and KEGG pathway enrichment of DEmRNAs were performed for annotation, visualization, and integrated discovery to
screen the potential biological processes and signaling pathways in which the mRNAs are involved. A P-value <0.05 was considered to
be significant.

2.5. (linical feature analysis of the ceRNAs network

Clinical information related to the samples was extracted from the GSE22255 dataset, which extracts relatively more clinical data
than the other datasets. Hmisc Version 4.4-1 in R3.6.1 language was used to calculate the correlation between the expression levels of
intersecting DEIncRNAs, DEmiRNAs, and DEmRNAs in the ceRNA network and various clinical features. P-value<0.05 was considered
statistically significant.

2.6. Principal component analysis for the ceRNAs network

Principal component analysis (PCA) is a statistical process that uses orthogonal transformation to transform a set of possibly related
variable observations into a set of linearly independent variable values called principal components [21]. PCA is widely used for data
processing and dimensionality reduction [22]. The contribution rate of 80 % or more of the main component is considered significant.
The R3.6.1 language psychology software package version 1.7.8 was used to perform PCA on the intersecting DEIncRNA, DEmiRNA,
and DEmRNA in the ceRNA network. In addition, sample identification based on the expression levels of RNAs constituting the ceRNA
regulatory network was utilized using the receiver operating characteristic (ROC) curve method in the R language pROC. ROC curves
are typically used to determine the ability of a specific factor to identify a sample, and are generally demarcated by 0.7, with an the
area under receiver operating characteristic curve (AUC) higher than 0.7 indicating a better ability to identify a sample.

2.7. Sample collection
This study was approved by the ethical committee of The Fourth People’s Hospital of Jinan. Prior to the study, written informed
consent was obtained from all patients. The peripheral blood samples were obtained from six patients with ischemic stroke. Six healthy

individuals were used as control samples. Clinical characteristics of the two groups of samples were comparable.

2.8. Key RNA expression validation

To further validate the expression levels of the ceRNAs with large differential expression in the IncRNA-miRNA-mRNA network, we

Table 2
Primers for quantitative real-time PCR (qQRT-PCR).
Gene names Primer sequence (5-3")
has-miR-24-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTGTTC
has-miR-24-F GCGTGGCTCAGTTCAGCAG
has-miR-19a-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAGTT
has-miR-19a-F GCCGTGTGCAAATCTATGCAA
U6-F CTCGCTTCGGCAGCACA
U6-R AACGCTTCACGAATTTGCGT
PART1-F TCACCCTACCACCACCCA
PART1-R GAGGCTCTTTCCACTATCTTCA
WNK1-F GCCGTCAGATCCTTAAAGGTC
WNK1-R CCAGTAGGGCCGGTGATAA
PINK1-AS-F AGATGGAGGTGTTGGGTTAT
PINK1-AS-R AGAGGTGAGTCCCGAGTG
SERPINH1-F GCCGTCAGATCCTTAAAGGTC
SERPINH1-R CCAGTAGGGCCGGTGATAA
GAPDH-F TGACAACTTTGGTATCGTGGAAGG

GAPDH-R AGGCAGGGATGATGTTCTGGAGAG
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used two datasets from the GEO database: GSE180470 and GSE199942. These two datasets both performed RNA sequencing on IS and
CTRL group samples using the Illumina HiSeq platform (Homo sapiens). GSE180470 included 3 IS group and 3 CTRL group samples,
using the Illumina HiSeq 4000 platform. GSE199942 included 5 IS group and 5 CTRL group samples, using the Illumina HiSeq 2500
platform.

Then, the quantitative real-time PCR (qQRT-PCR) was also performed to further verify the expression of the ceRNAs with large
differential expression in the IncRNA-miRNA-mRNA network. Briefly, RNA was extracted from blood samples of IS disease and normal
controls using a TRIzol reagent (Thermo Fisher, Waltham, MA, USA). Total RNA was reversed to cDNA using a PrimeScriptTM RT
Reagent kit (TaKaRa) following the manufacturer’s protocol. Quantitative PCR analysis was conducted utilizing an ABI Prism 7300HT
Real-Time PCR amplification system. Subsequent data analysis was performed using the 2722 method to determine relative gene
expression levels. The sequences are shown in Table 2.

3. Results
3.1. Identification of DERNAs

In the GSE22255, GSE16561, GSE55937, and GSE43618 data sets, 1708 IncRNAs and 17326 mRNAs were annotated. Then, the
R3.6.1 limma software package was used to screen DERNAs. In the GSE22255 and GSE16561 datasets, 1489 DERNAs (including 114
DEIncRNAs and 1375 DEmRNAs) and 997 DERNAs (including nine DEIncRNAs and 988 DEmRNAs) were identified, respectively
(Fig. 1A, Tables S1 and S2). Meanwhile, 63 and 48 DEmiRNAs were identified in the GSE55937 and GSE43618 data sets, respectively
(Fig. 1C). Then, according to the intersection of DEmRNA and DEIncRNA in the GSE22255 and GSE16561 data sets, 373 overlapping
DERNAs were determined, of which 228 overlapping DERNAs (four DEIncRNAs and 224 DEmRNAs) were significantly different in the
same direction (Fig. 1B). We also took the intersection of the DEmiRNAs of the two data sets and identified 11 overlapping DEmiRNAs,
of which seven DEmiRNAs were significantly different in the same direction (Fig. 1D).
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Fig. 1. Volcano plots of the distributions of DERNAs in different datasets. A: Volcano plots of the distributions of DEIncRNAs and DEmRNAs in the
GSE22255 and GSE16561 datasets; orange plot represented upregulation, and blue plot represented downregulation. B: Venn diagram of the
DERNAs among the IncRNA and mRNA expression datasets GSE22255 and GSE16561. C: Volcano plots of the distributions of DEmiRNAs in the
GSE43618 and GSE55937 datasets; orange plot represented upregulation, and blue plot represented downregulation. D: Venn diagram of the
DEmiRNAs among the miRNA expression datasets GSE43618 and GSE55937.
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3.2. Functional analysis of DEmRNAs

The biological process and enrichment annotation analysis of the KEGG signal pathway were performed on the DEmRNAs with the
same significant difference direction (Table 3). The results indicated that these DEmRNAs are mainly related to biological pathways

non

such as "mitochondrial translational elongation", "mitochondrial translational termination" and "negative regulation of cell prolifer-

ation". KEGG pathway analysis showed that the most important pathways were "Spliceosome", "TNF signaling pathway", "Alzheimer’s
disease", and "Ribosome".

3.3. Construction of the ceRNA network

First of all, the DIANA-LncBasev2 database was searched for IncRNA-miRNA interactions. A total of three DEIncRNA-DEmiRNA
interaction pairs were determined. Then, the starBase Version 2.0 database was used to predict the target mRNAs of miRNAs in
DEIncRNA-DEmiRNA interaction pairs. The mRNAs predicted by DEmiRNAs in the starBase database were mapped to the target genes
regulated by DEmiRNAs to construct a miRNA-mRNA regulatory relationship. Finally, 24 miRNA-mRNA interaction pairs were ob-
tained. According to the interaction between IncRNA-miRNA and miRNA-mRNA, a ceRNA network composed of three DEIncRNAs,
two DEmiRNAs, and 24 DEmRNAs was constructed (Fig. 2A and B).

3.4. Functional analysis of the ceRNA network-associated DEmRNASs

Next, the potential biological processes and KEGG pathways of 26 DEmRNAs in the ceRNA network were analyzed (Fig. 3). The GO
function enrichment analysis was carried out using DAVID database and nine critical GO biological processes were identified. The
results showed that DEmRNAs were significantly enriched in the biology process of "GO:0070125: mitochondrial translational elon-
gation", "GO:0070126: mitochondrial translational termination" and "GO:0006415: translational termination". The results indicate
that the most significant KEGG pathway for DEmRNAs is "hsa03040: Spliceosome".

3.5. Validation of the ceRNA network RNAs

Two IncRNAs (PART1 and PINK1-AS), two miRNAs (has-miR-24 and has-miR-19a) and two mRNAs (WNK1 and SERPINH1) were
selected for validation by datasets (Fig. 4A) and qPCR (Fig. 4B). The expression of the six selected RNAs was consistent with the results
in the ceRNA network (Fig. 4). has-miR-24, PART1 and WNK1 showed up-regulated expression in the ceRNA network, while has-miR-
19a, PINK1-AS and SERPINHI1 showed down-regulated expression in the ceRNA network, which was confirmed by qRT-PCR,
GSE180470 and GSE199942 datasets.

3.6. Clinical feature analysis of ceRNAs

The correlation between DEIncRNAs, DEmiRNAs, and DEmRNAs involved in the ceRNA network and clinical features, including
clinical diseases (high blood sugar, hypertension, and high blood cholesterol), lifestyle (smoking and drinking), and age, in the
GSE22255 dataset were analyzed (Table S1). The results showed that PART1 and SERPINHI1 were significantly related to clinical
diseases (high blood sugar, hypertension and high blood cholesterol) (PART1: P-value = 0.01378, Cor. = 0.3864, SERPINH1: P-value
=0.03782, Cor. = —0.3296); WNK1 was significantly related to lifestyle (smoking and drinking) (P-value = 0.04661, Cor. = —0.2935);
MG6PR, ILIRAP, C120rf43, ITM2C, WDR26, ANKRD46, and GOSR2 were significantly related to age (P-value <0.05). M6PR, C120rf43,
ITM2C, and ANKRD46 are negatively correlated with age, indicating that the risk of IS decreases with age. IL1RAP, WDR26, and GOSR2
are positively correlated with age, indicating that the risk of IS increases with age (Table S3).

Table 3
GO enrichment analysis and KEGG pathway analysis of DEmRNAs with the same significant difference direction in IS.
Category Term Count PValue
Biology Process G0:0070125~mitochondrial translational elongation 8 7.57E-05
GO0:0070126~mitochondrial translational termination 8 8.15E-05
GO:0006415~translational termination 3 2.11E-03
GO0:0008285~negative regulation of cell proliferation 12 8.95E-03
G0:0032259~methylation 5 1.18E-02
GO0:0000398~mRNA splicing, via spliceosome 8 1.85E-02
G0:2000349~negative regulation of CD40 signaling pathway 2 2.40E-02
G0:0030488~tRNA methylation 3 3.91E-02
GO0:0006369~termination of RNA polymerase II transcription 4 4.24E-02
GO0:0006366~transcription from RNA polymerase II promoter 12 4.74E-02
GO0:0048662~negative regulation of smooth muscle cell proliferation 3 4.77E-02
KEGG Pathway hsa03040:Spliceosome 7 5.21E-03
hsa04668:TNF signaling pathway 5 3.99E-02
hsa05010:Alzheimers disease 6 4.52E-02
hsa03010:Ribosome 5 4.81E-02
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Fig. 2. Construction of the ceRNA regulatory network. A. LncRNA-has-miR-19a-mRNA ceRNA network. B. LncRNA-has-miR-24 -mRNA ceRNA
network. Squares indicate IncRNAs, triangles indicate miRNAs, and circles indicate mRNA. Orange and blue represent RNAs that are consistently up-
regulated and down-regulated in the data set, respectively.
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Fig. 3. Functional analysis of DEmRNAs in the ceRNA network. The graph displays only significantly enriched biological process terms and KEGG
terms (P < 0.05). The number indicates the number of genes involved, and the color indicates significance. The closer the color is to red, the greater
the significance.

4. Results of PCA for ceRNAs

To further explore the characteristics of the expression level of RNAs in the ceRNA network, PCA was performed on the DEIncRNA
and DEmRNA in the ceRNA network. Through the calculation and analysis of the expression values of DERNAs that constitute the
ceRNA network in the GSE22255 and GSE16561 data sets, a total of ten principal components (PC) were obtained through fitting
(Fig. 5A and B). Among them, the cumulative contribution rate of PC1, PC2, and PC3 was greater than 80 %, which indicates that PC1,
PC2, and PC3 contain a lot of vital information about the original variables (RNAs expression value).

To validate the ability of the first three principal components (PC1, PC2, and PC3) to reflect the characteristics of each dataset
sample, we plotted the three-dimensional sample graphs and the sample classification ROC curves based on these three principal
components. As shown in Fig. 5C and D, the AUC values of the ROC curves for the GSE22255 and GSE16561 datasets were 0.920 and
0.905, respectively, both higher than 0.7, indicating that using only these three principal components could effectively distinguish the
samples of the control group and the IS disease group, suggesting that these three principal components contained most of the in-
formation of the original variable RNAs expression.

However, this study still has some limitations. First, the potential IncRNA-miRNA-mRNA interactions were identified by bioin-
formatics analysis. The target relationships and functions of the IncRNA-miRNA-mRNA interactions in IS development lack experi-
mental validation at the molecular and cellular levels. Secondly, given the intricate and multifaceted nature of IS, it is prudent to
acknowledge that outcomes derived from an exclusive focus on blood tissue may not comprehensively encapsulate the entirety of the
disease pathophysiology.

5. Discussion

In this study, four microarray data sets downloaded from the GEO database were fully analyzed. Firstly, DEmRNAs, DEmiRNAs, and
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Fig. 4. RNA expression in the IS group compared with the normal control samples. A. Validated by GSE180470 and GSE199942 datasets. B.
Validated by RT-PCR. **P < 0.01 versus normal control group.

DEIncRNAs were identified from four data sets, and the IS-related ceRNA network was constructed. Then, the mRNA in the network
was enriched by GO and KEGG pathways. Through the analysis of the correlation between DERNAs in the ceRNA network and clinical
features, it was found that PARTI and SERPINH1 were related to clinical diseases (high blood sugar, hypertension and high blood
cholesterol), WNK1 was related to lifestyle, and seven RNAs, including M6PR, IL1RAP, and C120rf43, were significantly related to age.
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Fig. 5. The 3D result of the principal component analysis for DERNAs in GSE22255 (A) and GSE16561 (B) datasets. The area under the curve (AUC)
of the ROC curve in the GSE22255 (C) and GSE16561 (D) datasets. Black dots represent normal control samples, and red dots represent IS samples.
The X, Y, and Z axes represent PC1, PC2, and PC3, respectively.

In addition, PCA was performed on DERNAs in the ceRNA network to find that three principal components of PC1, PC2, and PC3 can
clearly distinguish between control and IS samples.

The DEmRNAs related to the ceRNA network were analyzed using GO and KEGG. Through GO annotation, it is found that
DEmRNAs may be involved in several biological processes, including "GO:0070125: mitochondrial translational elongation",
"G0:0070126: mitochondrial translational termination", and "GO:0006415: translational termination". DEmRNAs in the ceRNA
network were significantly enriched in the "hsa03040: Spliceosome". In fact, more and more evidence shows that these enrichment
pathways are related to IS. Mitochondrial dysfunction is one of the hallmarks of IS, contributing to the pathophysiology of ischemia
and reperfusion [23]. Andrabi et al. found that pramipexole prevents ischemic cell death via mitochondrial pathways in ischemic
stroke [24]. In addition, Agarwal et al. showed that spliceosome and synaptic transmission are involved in the pathology of stroke [25].
Therefore, enrichment findings could imply that the IncRNA-miRNA-mRNA ceRNA network plays a crucial role in the development of
IS via these pathways.

In this study, we found that PART1 and SERPINH1 were related to clinical diseases (high blood sugar, hypertension and high blood
cholesterol), WNK1 was related to lifestyle, and seven RNAs including M6PR, ILIRAP, and C120rf43 were significantly related to age.
SERPINHI is a collagen-specific chaperone, which is capable of co-translational folding and assembly of procollagens in the endo-
plasmic reticulum [26]. It has been reported that SERPINH]1 is closely related with cerebrovascular disease [27,28]. Lee et al. found
that SERPINH]1 is expressed in cerebrovascular smooth muscle cells and is related to atherosclerosis [29]. The expression of SERPINH1
has been found to change in the acute phase of stroke, indicating its targeting effect in the combined biomarkers covering environment
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and genetic factors [30]. Previous studies have shown that SERPINH1 is down-regulated in IS. LncRNA PART1 (ENST00000152931) is
a poorly characterized long non-coding RNA located on chromosome 5: 59783540-59,843,484. Lin et al. first identified it as a regulator
of the androgen receptor-regulated gene network in the human prostate, which may be involved in the pathogenesis of prostate cancer
[31]. Recent studies have shown that IncRNA PART1 protects against myocardial ischemia/reperfusion injury by inhibiting
miR-503-5p/BIRC5 mediated mitochondrial apoptosis [32]. The results of this study are consistent with previous studies, indicating
that SERPINHI1 may be a potential therapeutic target for IS. In addition, Yagil et al. found that SERPINH] is associated with hyper-
tension [33]. SERPINH1 is a member of the heat shock protein family, which has been implicated in hypertension [34]. Hypertension is
the most common modifiable risk factor for stroke in the stroke population [33]. In this study we found that SERPINH1 was related to
clinical diseases, high blood sugar, hypertension and high blood cholesterol, indicating that SERPINH1 and PART1 may play an
important role in IS by regulating these three systems.

WNK1 is one of the four serine-threonine protein kinase family members [35]. WNK1 is found in dorsal root ganglion cell bodies,
the developing nervous system, and brain vasculature [36]. Studies have found that high expression of WNK1 has been linked to
variations in blood pressure and increased vulnerability to hypertension, a risk factor for stroke [37,38]. Consistent with results from
previous studies, in this study we also found that WNK1 is up-regulated in IS. We also found that WNK1 is related to lifestyle (such as
smoking and drinking). Drinking is one of the most important factors affecting the incidence of stroke. A previous study found that
alcohol consumption was found to be negatively related to non-fatal CHD risk but positively related to the risk of various stroke
subtypes [39]. Accordingly, the 2017 update of The Canadian Stroke Best Practice Recommendations for the Secondary Prevention of
Stroke provides guidance for the prevention of IS recurrence through the identification and management of modifiable vascular risk
factors (such as lifestyle, smoking, and hypertension) [40]. These results indicate that WNKI may play an important role in the
prevention of IS.

MG6PR (Mannose-6-Phosphate Receptor) is a protein-coding gene. It has been reported that M6PR plays a role in protein endocytosis
and intracellular transport [41]. ILIRAP is an important part of the receptor complex in mediating the immune response to IL-1 family
cytokines, and organizes neuronal synapse formation in the brain [42]. Studies have found that IL1RAP regulates neuronal gene
expression and IL-1 induces neuroinflammatory responses [43]. Inflammation plays an important role in the pathogenesis of IS and
other forms of ischemic brain injury [44]. Systemic inflammation could influence the susceptibility of patients to stroke and their
subsequent prognosis [45]. ITM2C is a protein-coding gene, which is mainly related to cerebral amyloid angiopathy and Itm2b-related
cerebral amyloid angiopathy. The ITM2C genotype was a significant and independent determinant of subarachnoid hemorrhage,
indicating that ITM2C is closely related to stroke [46]. M6PR and ITM2C are down-regulated in IS, whilst ILIRAP is up-regulated in IS.
Furthermore, our study also found that M6PR, ITM2C, and ILIRAP are related to age. Aging is a major risk factor for stroke,
stroke-related mortality, and post-stroke complications [47]. It is reported that the incidence of IS increases with age [48]. These
results indicate that M6PR, ITM2C, and IL1RAP may play an important role in IS by regulating risk factors (age) of IS.

6. Conclusion

In short, this study established a ceRNA regulatory network related to IS; three DEIncRNAs, two DEmiRNAs, and 24 DEmRNAs were
determined. Moreover, a clinical information correlation analysis and PCA were performed to further determine the main regulatory
factors in the network. These may help to explore the biological mechanism of IS and identify potential therapeutic targets for IS.
Nevertheless, molecular experiments are required to further verify the specific pathogenesis and molecular targets of IS.
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