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Stroke is a neurological disease with high rates of mortality and disability. The pathogenesis of stroke is acute focal injury of the
central nervous system, leading to impaired neural function. Ischemic stroke accounts for the majority of cases. At present, the
exact molecular mechanism of ischemic stroke remains unclear. Studies have shown that long noncoding RNAs (IncRNAs) have
an important regulatory role in biological processes, participating in the regulation of transcription and affecting the processing
and splicing of mRNAs. Abnormal IncRNA expression is associated with various diseases, including diseases of the nervous
system. To identify and verify the key IncRNAs in ischemic stroke, we downloaded gene expression data from the National
Center for Biotechnology Information Gene Expression Omnibus (NCBI GEO) and obtain differentially expressed IncRNAs,
miRNAs, and mRNAs by bioinformatics analysis. Cytoscape was used to reconstruct a IncRNA-miRNA-mRNA network on the
basis of the competitive endogenous RNA theory. We performed Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analyses of the mRNAs regulated by IncRNAs in the IncRNA-miRNA-mRNA network. The
resulting IncRNA-miRNA-mRNA network was composed of 91 IncRNA nodes, 70 mRNA nodes, 21 miRNA nodes, and 288
edges. GO analysis and KEGG pathway analysis have shown that 191 GO terms and 23 KEGG pathways were enriched. Finally,
we found that four key IncRNAs were highly correlated with ischemic stroke and could be used as potential new targets for
treatment.

1. Introduction

Stroke is considered the second leading cause of death after
ischemic heart disease and the third leading cause of disabil-
ity worldwide [1]. Each year, 780,000 people experience
stroke, with ischemic stroke accounting for approximately
87% of all cases [2]. However, the precise molecular mecha-
nism of ischemic stroke is not yet known. There is an urgent
need to clarify the etiological mechanism of ischemic stroke
and to identify new biomarkers and therapeutic targets.

Long noncoding RNAs (IncRNAs), which are RNAs
more than 200 nucleotides in length with no protein-
coding capacity, have an important role in biological pro-
cesses, participate posttranscriptional regulation, cell-cell sig-
naling, and protein allosteric regulation [3, 4]. A number of
related studies have shown that the processes involved in
the occurrence and development of various diseases are asso-
ciated with the abnormal expression of IncRNAs. For exam-
ple, high expression of IncSNHGI15 can promote the
proliferation of cancer cells in intestinal, breast, prostate,
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and lung cancer [5-8]. Although there have been many stud-
ies related to IncRNAs, few studies have examined the key
IncRNAs associated with ischemic stroke.

The competitive endogenous RNA (ceRNA) theory sug-
gests that protein-coding genes, pseudogenes, and IncRNAs
compete to bind to the same microRNA (miRNA) through
miRNA response elements (MREs) to regulate gene expres-
sion [9]. For example, IncRNA H19, an important carcinogen
in colorectal cancer, can competitively bind to miR-138 and
miR-200a and regulate the expression of key genes vimentin,
ZEB1, and ZEB2, thereby promoting epithelial-mesenchymal
transition and thus promoting cancer progression [10]. The
use of ceRNA networks to search for key IncRNAs is a new
research perspective. It has been applied in many studies of
diseases including cancer, abdominal aortic aneurysm, and
systemic lupus erythematosus. In this study, we used a
ceRNA network to search for key IncRNAs involved in ische-
mic stroke [11-13].

First, we downloaded the ischemic stroke gene expression
datasets from the National Center for Biotechnology Infor-
mation Gene Expression Omnibus (NCBI GEO) database
and used bioinformatics methods to identify the differentially
expressed IncRNAs (DELs), miRNAs (DEMis), and mRNAs
(DEMs). Using the ceRNA theory, we constructed a IncRNA-
miRNA-mRNA network to determine the functional
IncRNAs in ischemic stroke, screen key IncRNAs highly
related to the disease, predict their molecular regulatory
mechanisms, and identify new targets for diagnosis and treat-
ment. Finally, key IncRNAs were molecularly verified using
quantitative real-time PCR (qRT-PCR).

2. Materials and Methods

2.1. Raw Data Downloaded. NCBI GEO is a public functional
genomics data repository composed of high-throughput
microarray and next-generation sequencing functional
genome data, providing tools to help users query and down-
load gene expression profiles [14]. Expression data for miR-
NAs (GSE110993), IncRNAs, and mRNAs (GSE122709)
were downloaded from GEO by using wget command. The
platform for GSE110993 was GPL15456 (Illumina HiScanSQ,
Homo sapiens), which included 20 blood samples from stroke
patients and 20 from healthy control subjects, respectively.
The platform for GSE122709 was GPL20795 (HiSeq X Ten),
which included five blood samples from stroke patients and
five from healthy control subjects, respectively. In addition,
hsa-miR-143-3p, which has been identified as an early diag-
nostic marker for acute ischemic stroke, was added to the
DEMis [15].

2.2. Identification of DEMis, DELs, and DEMs. Differential
expression analysis of IncRNA expression data was per-
formed using the DESeq2 and edgeR packages in the R lan-
guage [16, 17]. The criteria for differential expression of
IncRNAs were FDR < 0.05 and log 2 | fold change | >1. Other
parameters of edgeR and DESeq2 use the default parameters.
The intersection function in R was used to identify the com-
mon differentially expressed IncRNAs between the results
of DESeq2 and edgeR analyses. The common differentially

BioMed Research International

expressed IncRNAs were considered to be differentially
expressed IncRNAs (DELs) in ischemic stroke. A Venn dia-
gram was generated by the VennDiagram R package. The
same method was used to obtain DEMs and DEMis of ische-
mic stroke.

2.3. Prediction of Target IncRNAs and mRNAs of DEMis. The
target genes of DEMis were predicted using MiRwalk 3.0
(http://mirwalk.umm.uni-heidelberg.de), which is a compre-
hensive database for predicting miRNA target genes and ver-
ifying miRNA binding sites [18]. The prediction process of
MiRwalk 3.0 is as follows: open the website of MiRwalk
3.0, select the miRNA prediction module, and then set the
species to human and the miRNA datatype to miRbaseIDs.
Finally, enter the miRNA name in the box and submit it.
The screening criterion for prediction results is that TargetS-
can database and MiRDB database can jointly predict the
target gene [19, 20]. We also used LncBase Predicted v.2
(http://carolina.imis.athena-innovation.gr/diana_tools/web/)
to predict target IncRNAs of DEMis, which is a database that
specifically records the interactions between miRNAs and
IncRNAs [21]. The prediction process of LncBase Predicted
v.2 is as follows: open the LncBase Predicted v.2 website, set
the threshold to 0.7, and use the default parameters provided
by the website for other parameters, and then enter the
miRNA name in the miRNA module and submit it.

2.4. Construction of the IncRNA-miRNA-mRNA Network.
The intersection function in R was used to identify the com-
mon IncRNAs between the DELs and the predicted IncRNAs
of DEMis. The common IncRNAs were used to construct
ceRNA networks for ischemic stroke. In the same way, we
obtained the common mRNAs which were also used to con-
struct ceRNA networks for ischemic stroke. DEMis were
used to construct a ceRNA network for ischemic stroke.

Cytoscape is an open source network visualization soft-
ware platform based on Java technology that is mainly used
for the analysis, research, and design of complex biological
networks. It can generate gene expression regulatory net-
works, protein interaction networks, and other aspects of
the structure and hierarchy of networks. In this study, we
used Cytoscape to construct and visualize a IncRNA-
miRNA-mRNA network. In Cytoscape’s network, our set-
tings are as follows: the diamond nodes represent the
IncRNAs, the circular nodes represent the mRNAs, and the
square nodes represent the miRNAs. Red represents upregu-
lated expression, whereas green represents downregulated
expression. Other parameters of Cytoscape use the default
parameters. The network is modularized according to the
function of miRNA. The size of the node represents the
degree of the node.

2.5. GO Analysis and KEGG Pathway Analysis of the IncRNAs
in the ceRNA Network. ClusterProfiler is a new tool based on
Gene Ontology (GO) that performs statistical analysis and
visualization of functional clustering of gene clusters [22].
To predict the biological function of IncRNAs in the ceRNA
network of ischemic stroke, we performed GO analysis and
Kyoto Encyclopedia of Genes and Genomes (KEGG)
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FIGURE 1: Screening results for differentially expressed IncRNAs, miRNAs, and mRNAs using DESeq2 and edgeR. The two circles in part A
represent the differentially expressed miRNAs obtained using DESeq2 and edgeR, and yellow indicates the common differentially expressed
miRNA; the two circles in part B represent the differentially expressed IncRNAs obtained using DESeq2 and edgeR, and the yellow part
represents the common differentially expressed IncRNAs; the two circles in part C represent the differentially expressed mRNAs obtained
using DESeq2 and edgeR, and the yellow part represents the common differentially expressed mRNAs.

pathway analysis on the mRNAs in the ceRNA network using
ClusterProfiler and follow the methods provided by the Clus-
terProfiler package for GO analysis and KEGG pathway anal-
ysis. The screening conditions of GO analysis and KEGG
pathway analysis were p value <0.05.

2.6. Construction of the IncRNA-miRNA-mRNA Subnetwork.
Node and node degree are two key elements in a ceRNA net-
work. We extracted all the nodes and calculated their degrees
in the IncRNA-miRNA-mRNA network for ischemic stroke.
We also calculated the number of first relationship IncRNA-
miRNA pairs and secondary relationship miRNA-mRNA
pairs. The key IncRNAs were determined based on these
three factors. Cytoscape is a software platform designed for
the visualization of molecular interaction networks and bio-
logical pathways, which is commonly used to construct bio-
logical networks [23]. In this study, Cytoscape was used to
construct the ceRNA network of key IncRNAs. To predict
the function of key IncRNAs, we conducted GO analysis
and KEGG pathway analysis of the mRNAs regulated by
key IncRNAs.

2.7. Verification of Key IncRNAs. To validate the key identi-
fied IncRNAs, we selected six blood samples from ischemic
stroke patients and six blood samples from healthy control

subjects for QRT-PCR molecular validation. We extracted
total RNA from the blood using TRIzol reagent. Total RNA
was reverse transcribed into cDNA using a PrimeScript RT
reagent kit with gDNA Eraser (Takara, Dalian, China). The
primers were designed using Primer BLAST. The expression
levels of IncRNAs were measured using a real-time PCR sys-
tem (Applied Biosystems, Foster City, CA, USA). GAPDH
was used as the internal reference gene. Finally, we analyzed
the data by the comparative quantitative cycle (Cq) (244C9)
method. The research was approved by the Ethics Committee
of the Jiangsu Provincial Hospital of Traditional Chinese
Medicine. All patients provided written informed consent
for research on their specimens. For detailed information
regarding qRT-PCR primers of IncRNAs, please refer to Sup-
plementary Material Table S1.

3. Results

3.1. DELs, DEMs, and DEMi Screening Results. We used the
DESeq2 package to analyze the GSE110993 (miRNA) and
GSE122709 (IncRNA and mRNA) data, resulting in 40 miR-
NAs, 1677 IncRNAs, and 5118 mRNAs. We also used the
edgeR package to analyze the data, resulting in 62 miRNAs,
1313 IncRNAs, and 3748 mRNAs. The intersection function
in R was used to identify the common differentially expressed
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FIGURE 2: Visualization of the IncRNA-miRNA-mRNA network, which is composed of 91 IncRNA nodes, 70 mRNA nodes, 21 miRNA
nodes, and 288 edges. The diamond nodes represent the IncRNAs, the circular nodes represent the mRNAs, and the square nodes
represent the miRNAs. Red represents upregulated expression, whereas green represents downregulated expression. The size of the node

represents the degree of the node.

IncRNAs between the results of DESeq2 and edgeR analyses.
The common differentially expressed IncRNAs were consid-
ered to be differentially expressed IncRNAs (DELs) in ische-
mic stroke. Finally, we obtained 1275 DELs, 35 DEMis, and
3693 DEMs. The results are shown in Figure 1.

3.2. Construction of the IncRNA-microRNA-mRNA Network.
We used Cytoscape to construct and visualize the IncRNA-
miRNA-mRNA network for ischemic stroke, and the results
have shown that the network consisted of 91 IncRNA nodes,
70 mRNA nodes, 21 miRNA nodes, and 288 edges. The result
is shown in Figure 2.

3.3. GO Analysis and KEGG Pathway Analysis of IncRNAs. In
the ceRNA network, the function of a IncRNA was predicted
by exploring the function of the mRNA that it regulates. To
understand the biological function of the IncRNAs in the
ceRNA network of ischemic stroke, we performed GO anal-
ysis and KEGG pathway analysis of all DEMs in the network.
GO analysis has shown that 191 terms were significantly
enriched, and the main terms were as follows: (i) in “biolog-
ical process,” whereby IncRNAs were mainly associated with
the cellular response to amino acid starvation, negative regu-
lation of TORCI signaling, and neurotransmitter receptor
transport; (ii) in “cell component,” whereby IncRNAs were



BioMed Research International

cellular response to amino acid starvation 1 - -

negative regulation of TORCI signaling 4 - -

protein transport within plasma membrane - - -
neurotransmitter receptor transport 4 - -

protein targeting to lysosome - - -

regulation of non canonical Wnt signaling pathway 1 - -
regulation of protein exit from endoplasmic reticulum { - -
positive regulation of acute inflammatory response 1 - -
protein transport within lipid bilayer 1 - -

regulation of TORC1 signaling - - -

acylglycerol lipase activity - - -

cytokine binding - - -

protein serine/threonine kinase inhibitor activity - - -

protein N—terminus binding 4 - -

actin binding { - - I RS
amyloid-beta binding 1 - - [N T R
actin filament binding - - - _ i i
ubiquitin protein ligase binding | - - T L
ubiquitin-like protein ligase binding { - - Y L
carboxylicacidbinding { - .
Sehi-associated complex | - [N
clathrin—coated endocytic vesicle membrane - - - _ ,,,,,,,,, O
protein serine/threonine phosphatase complex - - - _ e
phosphatase complex | - - [N
SNAREcomplex | - [
Caalbody | - I
intercellularbridge { - - [
clathrin—coated endocyticvesicle { - - [ e
synaptic membranc { - - [
lamellipodium { - [
0 1 2 3
—log10(p value)

m BP

m CC

m MF

FIGURE 3: GO analysis of IncRNAs in ischemic stroke. Red represents the biological process, green represents the cell component, and blue

represents the molecular function.

mainly associated with the Sehl-associated complex,
clathrin-coated endocytic vesicle membrane, and protein ser-
ine/threonine phosphatase complex; and (iii) in “molecular
function,” whereby IncRNAs were mainly associated with
the acylglycerol lipase activity, ubiquitin-like protein ligase
binding, and cytokine binding. The GO analysis results are
shown in Figure 3. KEGG pathway analysis has shown that
23 pathways were significantly enriched, and IncRNAs were
mainly involved in the Wnt signaling pathway, human pap-
illomavirus infection, p53 signaling pathway, and signaling
pathways regulating pluripotency of stem cells. The results
of GO analysis and KEGG pathway analysis are shown in
Figures 3 and 4. For detailed information regarding the

results of GO analysis and KEGG pathway analysis, please
refer to Supplementary Material Tables S2 and S3.

3.4. Exploration of Key IncRNAs in Ischemic Stroke. Hub
nodes form an important part of the ceRNA network, and
node degree is considered to be a key element of a network
[24]. We calculated the node degrees of all nodes in the
IncRNA-miRNA-mRNA network. Finally, we identified 25
nodes as central nodes (nodedegree>5), comprising 6
IncRNAs and 19 miRNAs. Table 1 and Figure 5 show the
25 central nodes we found. In addition, we calculated the
number of first relationship IncRNA-miRNA pairs and sec-
ondary relationship miRNA-mRNA pairs. Four IncRNAs
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F1GUre 4: KEGG analysis of IncRNAs in ischemic stroke.

had both higher node degrees and higher numbers of
IncRNA-miRNA and miRNA-mRNA pairs (Table 2), indi-
cating that these four IncRNAs are highly correlated with
the occurrence of ischemic stroke. The details of the four
IncRNAs are as follows: LCMT1-AS2 (LCMT1 antisense
RNA 2), ERVH48-1 (endogenous retrovirus group 48 mem-
ber 1), LINC01002 (long intergenic nonprotein coding RNA
1002), and LINC00638 (long intergenic nonprotein coding
RNA 638).

3.5. Construction of IncRNA-miRNA-mRNA Subnetworks.
We selected four key IncRNAs related to ischemic stroke,
extracted the miRNAs and mRNAs related to them, and
reconstructed the corresponding IncRNA-miRNA-mRNA
subnetwork. The IncRNA ERVH48-1-miRNA-mRNA net-
work was composed of 1 IncRNA node, 7 miRNA nodes,
41 mRNA nodes, and 48 edges. The IncRNA LCMT1-AS2-
miRNA-mRNA subnetwork consisted of 1 IncRNA node,
12 miRNA nodes, 81 mRNAs, and 93 edges. The IncRNA
LINC00638-miRNA-mRNA subnetwork consisted of 1
IncRNA node, 9 miRNA nodes, 17 mRNA nodes, and 26

edges. The IncRNA LINC01002-miRNA-mRNA subnetwork
consisted of 1 IncRNA node, 7 miRNA nodes, 22 mRNA
nodes, and 29 edges.

3.6. Verification of Key IncRNAs. To verify the authenticity of
the key IncRNAs we identified, we selected six blood samples
from ischemic stroke patients and six blood samples from
healthy control subjects for gRT-PCR molecular validation.
The results have shown significant differences (p < 0.05) in
the relative expression of two key IncRNAs (ERVH48-1 and
LINC00638) between ischemic stroke patients and healthy
control subjects, as shown in Figure 6.

4. Discussion

Stroke is a neurological disease with high rates of mortality
and disability. The pathogenesis of stroke is acute focal injury
of the central nervous system, leading to impaired neural
function. Approximately 780,000 people worldwide experi-
ence stroke every year, with high rates of mortality and dis-
ability. Ischemic stroke accounts for the majority of cases.
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TaBLE 1: List of differentially expressed miRNAs, IncRNAs, mRNAs.

Number Gene name Node degree Gene type
1 hsa-miR-20a-5p 38 miRNA
2 hsa-miR-17-5p 37 miRNA
3 hsa-let-7f-5p 23 miRNA
4 hsa-miR-143-3p 19 miRNA
5 hsa-miR-26b-5p 17 miRNA
6 hsa-miR-3688-3p 16 miRNA
7 hsa-miR-125a-5p 14 miRNA
8 hsa-miR-18a-5p 13 miRNA
9 hsa-miR-3158-5p 13 miRNA
10 hsa-miR-3184-5p 13 miRNA
11 LCMTI1-AS2 12 IncRNA
12 hsa-miR-126-5p 12 miRNA
13 hsa-miR-17-3p 12 miRNA
14 hsa-miR-532-5p 11 miRNA
15 hsa-miR-101-3p 10 miRNA
16 hsa-miR-3688-5p 10 miRNA
17 LINC00638 9 IncRNA
18 hsa-miR-193a-5p 9 miRNA
19 ERVH48-1 8 IncRNA
21 hsa-miR-3158-3p 7 miRNA
22 FAM157C 5 IncRNA
23 FAM201A 5 IncRNA
24 hsa-miR-16-2-3p 5 miRNA
25 hsa-miR-660-5p 5 miRNA

Note: mRNA: messenger RNA; miRNA: microRNA; IncRNA: long
noncoding RNA.

In the past decade, many studies have investigated the molec-
ular mechanisms of ischemic stroke, focusing on mRNAs
and miRNAs [25-28]. Recent studies have shown that
IncRNAs have an important regulatory role in biological pro-
cesses such as the regulation of transcription and the process-
ing and splicing of mRNA. Abnormal expression of IncRNAs
is associated with a variety of diseases, including neurological
conditions. Although there have been many studies related to
IncRNAs, there are still few studies on the key IncRNAs asso-
ciated with ischemic stroke.

Salmena et al. proposed the ceRNA hypothesis, in which
there are many types of endogenous ceRNAs, such as
mRNAs, pseudogene transcripts, and IncRNAs [9]. There
may be multiple MREs in a single ceRNA chain that can bind
to different miRNAs, and each miRNA can silence multiple
transcripts, resulting in a large, complex posttranscriptional
regulatory network. LncRNAs can act as ceRNAs, binding
to miRNAs through MRE:s to affect the protein expression
of coding genes. Therefore, it is very important to study the
function and regulatory mechanisms of IncRNAs as ceRNAs
in ischemic stroke and to explore their potential significance
in diagnosis. In this study, we downloaded gene expression
data from GEO and used bioinformatics methods to analyze
IncRNA, miRNA, and mRNA data in ischemic stroke. Based
on the ceRNA theory, we constructed a IncRNA-miRNA-

mRNA network for ischemic stroke, identified and validated
key IncRNAs, and explored the molecular mechanisms of
their regulation and development in ischemic stroke, provid-
ing a reference for molecular diagnosis and targeted therapy
in the future.

To determine the function of IncRNAs in the ceRNA net-
work of ischemic stroke, GO analysis and KEGG pathway
analysis were performed on the mRNAs regulated by the
IncRNAs. GO analysis has shown that 191 terms were signif-
icantly enriched, and the main terms were as follows: (i) in
“biological process,” whereby IncRNAs were mainly associ-
ated with the cellular response to amino acid starvation, neg-
ative regulation of TORCI signaling, and neurotransmitter
receptor transport; (ii) in “cell component,” whereby
IncRNAs were mainly associated with the Sehl-associated
complex, clathrin-coated endocytic vesicle membrane, and
protein serine/threonine phosphatase complex; and (iii) in
“molecular function,” whereby IncRNAs were mainly associ-
ated with the acylglycerol lipase activity, ubiquitin-like protein
ligase binding, and cytokine binding. “Cellular response to
amino acid starvation” is a self-protective response of cells
in the absence of amino acids. Amino acids can prevent
excessive muscle catabolism in patients after stroke by inhi-
biting myofibrillar protein and skeletal muscle degradation.
Stroke patients who lack amino acids have slower body func-
tion recovery and poorer prognosis [29]. In the cerebral
ischemic environment, the PI3K/Akt/mTORCI1 pathway is
inhibited, protein synthesis is reduced, and autophagy is
enhanced, leading to apoptosis [30]. In the acute inflamma-
tory phase of ischemic stroke, neutrophil invasion is associ-
ated with the destruction of the local blood-brain barrier
and the formation of infarction. The greater the number of
neutrophils infiltrating ischemic hemispheres, the larger the
infarct size [31]. In addition, Wang et al. found that the
expression and activity of brain lipoprotein lipase increased
after acute cerebral ischemia and reperfusion in rats [32].
The KEGG pathway analysis has shown that 23 pathways
were significantly enriched, including the Wnt signaling
pathway, human papilloma virus (HPV) infection, p53 sig-
naling pathway, and signaling pathways regulating pluripo-
tency of stem cells. Interestingly, it has been reported in the
literature that these pathways play an important role in ische-
mic stroke. Liebner et al. found that the Wnt signaling path-
way can maintain and protect the blood-brain barrier as well
as damaged endothelial cells, thereby promoting recovery in
ischemic stroke [33, 34]. In addition, Wu et al. proved that
the HPV early cancer proteins E6 and E7 are specific tumor
suppressor proteins that can prevent serine phosphorylation
of p53 protein and protect the brain from apoptosis [35, 36].
Moreover, Jiang et al. found that when pluripotent stem cells
were transplanted into the brain area damaged by stroke,
they differentiated into neuron cells to promote the func-
tional recovery of rats with stroke [37]. All of the above evi-
dence shows that our results are very reliable and that these
IncRNAs play an important role in ischemic stroke.

To identify key IncRNAs that could serve as targets for
the diagnosis and treatment of ischemic stroke, the num-
ber of central node degrees and relationship pairs in the
ceRNA network was analyzed. We identified four IncRNAs
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TaBLE 2: Number of IncRNA-miRNA and miRNA-mRNA pairs.

Number Gene name IncRNA- miRNA- Total
miRNA pairs mRNA pairs number

1 LCMT1-AS2 12 81 93

2 ERVH48-1 8 41 49

3 LINC01002 7 22 29

4 LINC00638 9 17 26

5 FAM157C 5 9 14

6 FAM201A 5 0 5

Note: mRNA: messenger RNA; miRNA: microRNA; IncRNA: long
noncoding RNA.

(LCMT1-AS2, ERVH48-1, LINC01002, and LINC00638) as
key nodes, because their node degrees and numbers of
IncRNA-miRNA and miRNA-mRNA relationship pairs were
significantly higher than those of other IncRNAs. This sug-
gests that these four IncRNAs have an important influence
on the occurrence and development of ischemic stroke. Few
studies have reported the function of these four key IncRNAs
to date. We attempted to use the ceRNA theory to elucidate
their molecular mechanisms in the development of ischemic
stroke. We speculate that IncRNA $5645.1 may affect the
expression of ischemic stroke target genes by competitively
binding to miRNAs (such as those of the miR-17-5p and
miR-20a-5p families). In support of our prediction, recent
studies have shown that miR-17-5p and miR-20a-5p have
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FiGUure 6: Comparison of the relative expression of IncRNAs
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important roles in the development of embolic stroke. In
addition, miR-17-5p is an independent predictor of stroke,
and its expression in the serum of patients with ischemic
stroke is significantly higher than the average [38, 39].
LINC01002 and ERVH48-1, as ceRNAs, affect the expres-
sion of target genes of ischemic stroke by competitively
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binding to the hsa-let-7f-5p family. Regarding the IncRNA
LINC00638-miRNA-mRNA network, studies have shown
that miR-143-3p is a potential biomarker for acute ischemic
stroke; it binds to LINC00638, has significantly higher
expression levels in extracellular vesicles in patients with
acute ischemic stroke, and is more specific than CT [15].
Finally, we used qRT-PCR to perform molecular verification
of the four key IncRNAs. The expression levels of two key
IncRNAs (ERVH48-1 and LINC00638) were significantly
different between ischemic stroke patients and healthy con-
trol subjects. In future studies, we plan to collect a greater
number of clinical samples to study the pathogenesis of
ischemic stroke.

Compared with previous studies on ischemic stroke, this
research has the following innovations: (1) use ceRNA theory
to mine key IncRNA and (2) collect clinical samples to verify
the authenticity of key IncRNA. Of course, our research also
has some limitations. In this research, we only collected six
clinical samples, which limited the verification of IncRNA.
In future research, we plan to collect more clinical samples
to study the pathogenesis of ischemic stroke.

5. Conclusions

In this study, we explored the key IncRNAs that influence
the development of ischemic stroke from the perspective of
epigenetics using bioinformatics methods. We found that
four key IncRNAs (LCMT1-AS2, ERVH48-1, LINC01002,
and LINCO00638) may be highly associated with the patho-
genesis of ischemic stroke. Then, we used qRT-PCR to per-
form molecular verification of the four key IncRNAs. The
expression levels of two key IncRNAs (ERVH48-1 and
LINCO00638) were significantly different between patients
with ischemic stroke and healthy control subjects. Finally,
we think that these four IncRNAs are key IncRNAs of ische-
mic stroke and play important roles in the development of
ischemic stroke.

Collectively, these findings will contribute to improve our
understanding of the pathogenesis of ischemic stroke and the
molecular mechanisms involved. We think that our work will
contribute to the development of novel molecular targets,
thus enabling early diagnosis, and targeted treatment of
ischemic stroke patients.
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