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Background: Long non-coding RNAs (lncRNAs) can act as a competitive endogenous 
RNA (ceRNA) to regulate gene expression by sequestering the microRNA (miRNA). 
However, the lncRNA-miRNA-mRNA ceRNA network in thoracic aortic dissection (TAD) 
has been rarely documented.
Methods: Three Gene Expression Omnibus (GEO) datasets were used to detect differen
tially expressed mRNAs, miRNAs, and lncRNAs in TAD. Gene ontology and the Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analyses were conducted for the differentially 
expressed mRNAs. A protein–protein interaction network for differentially expressed 
mRNAs was also constructed, and hub genes were identified. We established a ceRNA 
network of TAD based on the differentially expressed miRNAs, mRNAs and lncRNAs, and 
verified our results using an independent dataset and quantitative real-time PCR (qRT-PCR).
Results: In TAD, 267 lncRNAs, 81 miRNAs, and 346 mRNAs were identified as differen
tially expressed. The established ceRNA network consisted of seven lncRNA nodes, three 
mRNA nodes, and three miRNA nodes, and the expression of miRNAs in TAD was opposite 
to that of lncRNAs and mRNAs. Subsequently, an independent GEO dataset and qRT-PCR 
were used to validate the expression of three mRNAs. In addition, the expression differences 
in SLC7A5, associated miRNA and lncRNA were verified. According to gene set enrichment 
analysis of SLC7A5, the most significant KEGG pathway was considerably enriched in 
spliceosome and pentose phosphate pathway.
Conclusion: We established a novel ceRNA regulatory network in TAD, which provides 
valuable information for further research in the molecular mechanisms of TAD.
Keywords: bioinformatics analysis, ceRNA, expression profile, thoracic aortic dissection

Introduction
Thoracic aortic dissection (TAD), one of the most fatal vascular diseases, is 
characterized by the separation of thoracic aortic medial layers.1 According to 
a previous population survey, 17.6% of TAD patients were declared dead upon 
arrival at the hospital, and mortality rates for hospitalized patients can reach 21.4% 
within 24 hours.2 The most common risk factors for aortic dissection are hyperten
sion, connective tissue disorders, trauma, and aging.3,4 However, the potential 
molecular mechanisms of TAD are unknown, making prevention and treatment 
difficult. Therefore, advances in sequencing technology could help researchers in 
identifying candidate pathogenic genes that promote expansion and facilitate 
dissection.5
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LncRNAs are the largest class of noncoding RNAs, 
and most lncRNAs have not been confirmed in function 
so far. However, growing evidence suggests that lncRNAs 
may play a key role in transcriptional, post-transcriptional 
and epigenetic levels.6 Recently, aberrant expression of 
a large number of lncRNAs has been found to be asso
ciated with the occurrence and progression of multiple 
vascular diseases.7 However, little is known about the 
molecular mechanism of lncRNAs in TAD.

LncRNAs are thought to act via various mechanisms. 
In 2011, a complex hypothesis of competitive endogenous 
RNA (ceRNA) was proposed.8 Accumulating researches 
prove that lncRNA can inhibit the function of miRNA 
through sharing at least one miRNA response elements 
(MRE), thereby regulating target gene protein 
expression.9,10 The competition between lncRNAs and 
mRNAs with common miRNA target sites widely exists 
in vascular diseases.11,12 However, so far, few studies have 
demonstrated the lncRNA-miRNA-mRNA ceRNA net
work of TAD.

Elucidating the lncRNA-associated ceRNA network in 
TAD may help to develop new therapeutic targets for 
TAD. In addition, the analysis of TAD-associated ceRNA 
network is still rarely reported. In this study, a ceRNA 
network, consisting of seven lncRNA nodes, three mRNA 
nodes, and three miRNA nodes, was successfully con
structed. The expression of mRNAs in the ceRNA network 
was verified using external datasets and qRT-PCR. The 
aim of this research was to provide further insights into 
the development and progression of TAD.

Methods
Gene Expression Datasets
Four datasets (GSE52093, GSE98770, GSE147026 and 
GSE153434) were downloaded from the Gene Express 
Omnibus (GEO) database (www.ncbi.nlm.nih.gov/geo/), 
which contain gene expression profiles of TAD and 
healthy controls.

Three datasets containing mRNA microarray data for 
31 TAD patients and healthy controls (12 samples from 
GSE52093, 11 samples from GSE98770, and 8 samples 
from GSE147026) were downloaded. The GSE98770 
dataset contained microRNA (miRNA) microarray data 
for 6 TAD patients and 5 healthy controls. The lncRNA 
microarray data of 4 TAD patients and 4 healthy controls 
were from GSE147026. Finally, the mRNA microarray 
data of 10 TAD patients and 10 healthy controls were 

downloaded from GSE153434 for independent external 
validation. The detail information of datasets is shown in 
Supplementary Table 1.

Clinical Samples
Aortic wall tissues were collected during surgical opera
tions in 25 TAD patients who had been admitted at the 
First Affiliated Hospital of Chongqing Medical University 
between October 2020 and May 2021. Additionally, 15 
healthy aortic tissues were collected from organ donors 
who were free of Marfan syndrome and other aortic dis
eases. The basic clinical characteristics of the study popu
lation are shown in Table 1. Ethical approval was obtained 
from the ethics committee of the First Affiliated Hospital 
of Chongqing Medical University, and informed consents 
were obtained from all participating patients (ethics 
approval number: 2018-022-2). The study complied with 
the Declaration of Helsinki guidelines.

Differentially Expressed Analysis
We merged TAD and normal sample data from the three 
datasets, and removed the batch effect using ComBat in 
“sva” R package. The mRNA expression data were nor
malized with the NormalizeBetweenArrays function of the 
“limma” package, and a PCA plot was constructed using 
“ggplot2” package. The differentially expressed mRNAs 
(DEmRNAs) were identified with thresholds of | 
log2foldChange(FC)| >1.0 and adjusted P value <0.05, 
differentially expressed miRNAs (DEmiRNAs) with | 
log2FC| >1 and P value <0.05, and differentially expressed 
lncRNAs (DElncRNAs) with |log2FC| >1 and P value 
<0.05. Volcano Plots were applied to identify 

Table 1 Baseline Demographic Data

Characteristic Normal 
(n=15)

TAD 
(n=25)

P value

Gender 13 (86.7%) 22 (88.0%) 1.000

Age (year) 42.13 ± 9.89 46.08 ± 7.51 0.162
Obesity* 9 (60.0%) 16 (64.0%) 1.000

Diabetes 1 (6.7%) 2 (8.0%) 1.000

Hypertension 3 (20.0%) 19 (76.0%) < 0.001
Drinking 3 (20%) 6 (24%) 1.000

Arteritis 0 (0%) 0 (0%) 1.000

Family history of aortic 
diseases

0 (0%) 2 (8.0%) 0.519

Dyslipidemia 1 (6.7%) 3 (12.0%) 1.000

Smoking 9 (60.0%) 16 (64.0%) 1.000

Note: *Obesity refers to BMI >25 kg/m2. 
Abbreviation: TAD, thoracic aortic dissection.
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DEmRNAs, DEmiRNAs, and DElncRNAs. Next, we used 
the pheatmap R package to scale and cluster the rows 
based on the z score of normalized expression between 
various conditions.

Construction of Protein-Protein 
Interaction (PPI) Network and Screening 
for Hub Genes
The identified DEmRNAs were input into Search Tool for 
the Retrieval of Interacting Genes (STRING; version 11.5; 
https://string-db.org/) to generate a potential PPI network 
and detect the possible relationships with a minimum 
required interaction score of 0.4, removing disconnected 
nodes. Hub gene plays a key role in biological processes 
and often affects other genes in related pathways. 
CytoHubba, a valid plug-in unit of the Cytoscape, was 
used to identify hub genes accurately by 12 topological 
analysis methods. Finally, the top 20 hub genes were 
screened using Maximal Clique Centrality (MCC).

Gene Ontology (GO), Kyoto 
Encyclopedia of Genes and Genomes 
(KEGG) Pathway Analyses and Gene Set 
Enrichment Analysis (GSEA)
We used “clusterprofiler” and “ggplot2” packages to do 
GO and the KEGG pathway enrichment analyses for upre
gulated and downregulated genes, respectively. The GO 
terms were divided into three types: Biological Process, 
Cellular Component, and Molecular Function, and the 
three descriptions with the lowest P value, respectively, 
were shown in the figure Furthermore, GSEA of SLC7A5 
was performed using the GSEA software (Broad Institute, 
Cambridge, MA, USA).

Construction of a lncRNA-Related 
ceRNA Network
The ceRNA hypothesis states that lncRNA can regulate 
mRNA expression through chelating and binding miRNA. 
Therefore, we used the following steps to build a ceRNA 
regulated network: the intersection of three databases 
including Targetscan (http://www.targetscan.org/), 
miRTarBase (http://mirtarbase.mbc.nctu.edu.tw/), and 
miRDB (http://www.mirdb.org/) was used as a potential 
target mRNAs of DEmiRNAs; the lncRNA-miRNA inter
action was predicted using DIANA-LncBase v2 (www. 
microrna.gr/LncBase) with thresholds of miTG-score 

>0.85;13 the intersecting miRNAs negatively regulated by 
lncRNAs and mRNAs were chosen to build the ceRNA 
network, whose graph was created using Cytoscape ver
sion 3.7.1 (http://www.cytoscape.org/). A detailed flow 
chart of the design is shown in Supplementary Figure 1.

Total RNA Extraction and Quantitative 
Real-Time Polymerase Chain Reaction
Total RNA was isolated from aortic wall tissue using 
TRIzol reagent (Takara, Dalian), and was reverse tran
scribed using the PrimeScript™ RT Reagent Kit (Takara, 
Japan). Then, diluted cDNA was used as a template in 
a qPCR reaction and amplified using mRNA primers 
labeled with a TB™ Green Premix Ex Taq™ (Takara, 
Japan). Relative expression levels were obtained by nor
malizing to 18S ribosomal RNA (18S). The experiment 
was performed in triplicate with three replicates each time. 
The details of the used primers are shown in 
Supplementary Table 2.

Statistical Analysis
Statistical analyses were performed by R software (R ver
sion 4.1.0; https://www.r-project.org/). The Wilcoxon rank 
sum test was used to compare differences in qRT-PCR. 
Expression data were presented using the median and 
interquartile range (IQR). Correlation coefficients (r) 
between mRNA and lncRNA were assessed using the 
Pearson correlation method. The baseline data of patients 
used Fisher’s exact test and Student’s t-test. Statistical 
significance was considered at P < 0.05.

Results
Detection of DEmRNAs, DEmiRNAs and 
DElncRNAs
The gene expression profiles of all the samples from 
different datasets were subjected to a PCA before and 
after normalization (Figures 1A and B). According to the 
PCA, there was a significant reduction in batch effects 
after normalization. The DEmRNAs were identified after 
batch correction and standardization of the microarray 
results from GSE52093, GSE98770 and GSE147026 data
sets. In the merged dataset, a total of 346 DEmRNAs were 
screened out, where 161 were upregulated and 185 down
regulated. The volcano plot (Figure 1C) and clustered heat 
map (Figure 1D) of DEmRNAs displayed distinct differ
ences between normal and TAD tissues. Totally, 1347 
miRNAs were detected in 11 samples from the 
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GSE98770 miRNA array dataset, as well as 81 
DEmiRNAs, 47 of which were upregulated and 34 of 
which were downregulated. The volcano plot (Figure 2A) 
and heat map (Figure 2B) displayed the aberrantly 
expressed miRNA molecules. In addition, 267 
DElncRNAs (87 upregulated and 180 downregulated) 
were identified in the GSE147026 dataset, which were 
shown in Figures 2C and D.

Functional Analyses
To explore the functional significance and potential reg
ulators of DEmRNAs, GO annotation and KEGG path
way enrichment analyses were performed on upregulated 

and downregulated mRNAs, respectively. Genes without 
official gene symbols or transcript annotations in US 
National Center for Biotechnology Information or 
Ensembl were removed. The GO and KEGG analyses 
displayed the top 12 enriched terms of the upregulated 
and downregulated mRNAs (Figures 3A and B). With 
regard to biological process, the downregulated 
DEmRNAs were enriched in muscle cell development, 
muscle contraction, and muscle system process; the top 
three enriched terms of the upregulated DEmRNAs were 
nuclear division, mitotic nuclear division, and chromo
some segregation. In the molecular functions category, 
downregulated DEmRNAs were enriched in protein 
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Figure 1 Principal component analysis (PCA) of the gene expression datasets and differently expressed mRNAs in TAD. The points of the scatter plots visualize the samples 
based on the top two principal components of gene expression profiles without (A) and with (B) the removal of batch effect. The colors represent samples from three 
different datasets, respectively. (C) The volcano graph shows the distribution of differently expressed mRNAs. (D) The heatmap of the mRNAs expression in TAD. In the 
volcano graph, the X-axis represents the fold changes of differently expressed mRNAs, and the Y-axis represents the adjusted p-value, red dots present up-regulated genes 
and blue dots present down-regulated genes (|log2foldChange| >1.0 and adjusted P value <0.05).
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serine/threonine phosphatase inhibitor activity, structural 
constituent of muscle, and ion channel binding; the upre
gulated DEmRNAs were enriched in endopeptidase inhi
bitor activity, peptidase regulator activity, and peptidase 
inhibitor activity. In cellular component, chromosomal 
region, condensed chromosome/centromeric region, and 
condensed chromosome were the top three enriched terms 
in upregulated DEmRNAs; contractile fiber, sarcomere, 
and contractile fiber part were the top three enriched 
terms in downregulated DEmRNAs. The three most sig
nificantly enriched KEGG pathways, when considering 

the downregulated DEmRNAs, were hypertrophic cardi
omyopathy, calcium signaling pathway, and dilated cardi
omyopathy. In the upregulated DEmRNAs, TNF 
signaling pathway, cell cycle, and mineral absorption 
were the top three enriched pathways. The specific 
genes involved in each term are listed in the 
Supplementary Tables 3 and 4.

The protein-protein interaction networks among 
DEmRNAs was built using String in Cytoscape 
(Figure 3C), where the isolated nodes were excluded. 
The centrality degree of each node was evaluated using 
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Figure 2 Differently expressed miRNAs and lncRNAs in TAD. (A) The volcano graph shows the distribution of differently expressed miRNAs. (B) The heatmap of the 
miRNAs expression in TAD. (C) The volcano graph shows the distribution of differently expressed lncRNAs. (D) The heatmap of the lncRNAs expression in TAD. In the 
volcano graph, the X-axis represents the fold changes of differently expressed miRNAs and lncRNAs, and the Y-axis represents the p-value, red dots present up-regulated 
genes and blue dots present down-regulated genes (|log2foldChange| >1.0 and P value <0.05).
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cytoHubba. Twenty genes ranked by MCC method includ
ing AURKA, NCAPGCENPE, CCNB2AURKB, UBE2C, 
RRM2, CENPF, ASPM, MKI67, CDC20, KIF20A, 
MCM10, ASF1B, BIRC5, FOXM1, ESPL1, HJURP, 
CDCA5 and TRIP13 were defined as hub genes 
(Figure 3D). The core network suggested that hub genes 
were connected to each other, forming a dense hub.

Construction of the ceRNA Network
Because CeRNA acts as a sponge for miRNA, the expression 
of miRNA was opposite that of mRNA and lncRNA in the 
TAD and health groups. The ceRNA network is shown in 
Figure 4. The lncRNA-miRNA-mRNA network was 

constructed according to the steps listed in the methods, includ
ing seven lncRNAs, three miRNAs, and three mRNAs. In this 
study, seven lncRNA-miRNA pairs and three miRNA-mRNA 
pairs were mined. In addition, seven pairs of 
lncRNA-miRNA-mRNA interactions were identified.

Patient Characteristics
A total of 25 patients with TAD and 15 controls met our 
inclusion criteria. Demographic and clinical information of 
all patients is summarized in Table 1. Except for the 
presence of more severe hypertension patients (76.0%) in 
the TAD group, there were no significant differences in 
age, gender, or other characteristics.
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Validation of Differentially Expressed 
ceRNAs
The SLMAP, ACTN4, and SLC7A5 genes were selected for 
further tests using GSE153434 and qRT-PCR to validate our 
findings (Figure 5). In GSE153434, ACTN4 and SLC7A5 
were remarkably downregulated in the TAD group, whereas 
SLMAP showed no statistically significant difference. 
Furthermore, qRT-PCR showed a substantial increase in 
SLC7A5 expression in TAD (P value< 0.05), while the 
expression of SLMAP and ACTN4 were not significantly 
different. Next, we used qRT-PCR to test for SLC7A5- 
linked miRNAs and lncRNAs. Interestingly, hsa-miR-3202 
was found to have low expression in TAD, but ARHGAP22- 
IT1 and SNHG8−2 were highly expressed (Figure 6A–C). 
The correlation between expression levels of SLC7A5 and 
associated lncRNAs (ARHGAP22-IT1 and SNHG8-2) were 
examined using a Pearson correlation coefficient. The expres
sion of two lncRNA-mRNA pairs was significantly positively 
correlated (r> 0.4, P value< 0.05, Figures 6D and E).

Based on the GSEA standard recommendations, GSEA 
results with a false discovery rate (FDR) q-value <0.25, 
nominal FDR <0.05, and |Normalized Enrichment Score 
(NES)| >1 were considered significant. According to the 
GSEA of the SLC7A5, the most significant KEGG path
way was considerably enriched in spliceosome and pen
tose phosphate pathway (PPP), which may be associated 
with pathophysiological development of TAD (Figure 6F).

Discussion
Over the past few decades, numerous researchers studied 
the functions of non-coding RNA and enhanced our 

understanding of various biological processes. LncRNAs 
are a type of non-coding transcripts that have over 200 
nucleotides.14 Increasing evidence demonstrate that 
lncRNAs use miRNA as a bridge to regulate the expres
sion of mRNA. The ceRNA regulatory network extends 
the functional genetic information in the genome and is 
essential in vascular diseases.8,12,15,16 In this study, data 
from the GEO database were used to generate triple net
works based on the ceRNA theory. The ceRNA network 
consisted of seven lncRNA nodes, three mRNA nodes, and 
three miRNA nodes. Subsequently, the expression of three 
mRNAs was validated using an independent GEO dataset 
and qRT-PCR. Furthermore, the difference in SLC7A5 
expression was verified. Finally, the qRT-PCR results for 
miRNA and lncRNA associated to SLC7A5 were consis
tent with our expectations.

Previous studies have shown that the transformation of 
the phenotype of vascular smooth muscle cells (SMC) from 
contractile to synthetic, which plays a key role in aortic wall 
degeneration.17,18 This VSMCs switching is marked with the 
enhanced proliferation, migration, antiapoptosis, up- 
regulation of synthetic markers, and down-regulation of con
tractile markers.19 Wang et al demonstrated that VSMCs 
from dissecting aorta proliferated faster than VSMCs from 
normal aortic tissue.18 In addition, the expression level of 
genes involved in proliferation increased.20

In this study, the DEmRNAs were subjected to GO and 
KEGG enrichment analyses. A large number of signifi
cantly enriched GO terms, such as mitotic nuclear divi
sion, muscle contraction, contractile fiber, contractile fiber 
component, sarcomere, structural constituent of muscle, 
and ion channel binding, were consistent with previous 
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Figure 4 The miRNA-lncRNA-mRNA ceRNA network is composed of 7 lncRNAs, 3 miRNAs and 3 mRNAs. Rectangles, triangles and ellipses represent mRNAs, miRNA 
and lncRNAs, respectively, while red indicates up-regulation, and green indicates down-regulation.
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studies on TAD.5,21 Key KEGG pathways were highly 
enriched in cell cycle, mineral absorption, dilated cardio
myopathy, hypertrophic cardiomyopathy, and TNF signal
ing pathway, which were also in line with previous 
reports.22–24

Three DEmRNAs were retained in the ceRNA network 
after screening. The expression of SLC7A5, which was con
sistent with the external dataset, was confirmed using qRT- 
PCR. To ensure high accuracy, we focused our discussion on 
SLC7A5, related miRNA and lncRNA. SLC7A5, also 
known as LAT1, interacts with the glycoprotein SLC3A2 to 
form a high-affinity transporter. The transporter mediates 
uptake of large neutral amino acids.25,26 Previous studies 
found that SLC7A5 is overexpressed in a variety of cancers 
and plays a role in proliferation and metastasis.27–29 Liu et al 

demonstrated that SLC7A5-mediated L amino acid transport 
system is essential for the proliferation and survival of vas
cular smooth muscle cell (VSMC).30 Notably, increased 
strain of the blood vessel wall and vascular injury can induce 
arterial remodeling by stimulating the proliferation of 
VSMC.31,32

The expression of hsa-miR-3202 was found to be lower 
in patients with early-onset post-stroke depression.33 

Under high glucose conditions, Huang et al discovered 
that hsa-miR-3202 promotes H5V cell apoptosis by 
directly targeting Fas apoptosis inhibitor 2 (FAIM2).34 To 
explore the role of hsa-miR-3202, we used bioinformatics 
tools to predict its target gene SLC7A5. The results 
demonstrated that hsa-miR-3202 inhibits the proliferation 
of VSMC by suppressing the expression of SLC7A5.
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Despite the numerous DElncRNAs that have been 
found in various human diseases, only a few studies have 
investigated the role of lncRNAs in TAD. In this study, we 
found two DElncRNA that were positively correlated with 
the expression of SLC7A5. A previous study reported that 
ARHGAP22 Intronic Transcript 1(ARHGAP22-IT1) was 
upregulated in lung adenocarcinoma patients.35 Small 
Nucleolar RNA Host Gene 8 (SNHG8) can promote the 
proliferation and migration of multiple tumor cells through 
serving as sponge for different miRNAs.36–38 Our results 
revealed that the ARHGAP22-IT1 and SNHG8 were over
expressed in TAD patients. According to the ceRNA 
hypothesis, the ARHGAP22-IT1 and SNHG8 can 
competitively bind to hsa-miR-3202 and upregulate 

SLC7A5, thus promoting VSMC proliferation and TAD 
development.

The GSEA and KEGG pathway enrichment of the 
SLC7A5 implicated that the spliceosome and pentose 
phosphate pathway (PPP) were most significantly regu
lated. Because RNA splicing is involved in diverse aspects 
of cell proliferation, survival, and differentiation. The PPP, 
a basic glucose metabolism pathway, is crucial for cell 
growth. Stimulation of PPP can strengthen nucleotide pro
duction and DNA synthesis, accelerating cell 
proliferation.39 This suggests that SLC7A5 may promote 
the proliferation of VSMC through two pathways, which 
may affect the occurrence and development of TAD. 
However, this hypothesis needs further research to verify.
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The present study contains several limitations. Firstly, 
the sample size was relatively small, which could have 
lowered the accuracy of results verification. Secondly, the 
ceRNA network was constructed by combining three differ
ent GSE datasets, and there could have been missing and 
overlapping data between the databases. Therefore, 
a complete lncRNA/miRNA/mRNA profile should be per
formed in future studies. Furthermore, all samples were 
obtained from a single center, introducing a regional bias, 
necessitating further multicenter research. Finally, the spe
cific functions of the ceRNAs in TAD are unclear, and future 
research can investigate the potential molecular mechanisms 
using Western blotting and luciferase reporter assay.

Conclusion
We used bioinformatics tools to identify the differentially 
expressed lncRNAs, miRNAs, and mRNAs of TAD. 
Importantly, we effectively established and verified the 
lncRNA-associated ceRNA regulatory network, which 
may lay a foundation for further studies of lncRNAs in 
TAD. Our study emphasized the important role of ceRNAs 
in pathogenesis of TAD and provide novel lncRNAs as 
potential therapeutic targets, although more studies are 
needed to confirm our findings.
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