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Background: The expression levels of long noncoding RNAs (lncRNAs) and mRNAs in human acute 
Stanford type A aortic dissecting aneurysm and normal active vascular tissues were compared using the array 
lncRNA/mRNA expression profile chip technology.
Methods: The tissue samples of 5 patients who presented with Stanford type A aortic dissections and the 
normal ascending aorta tissues from 5 donor heart transplantation patients receiving surgical treatment 
in Ganzhou People’s Hospital were collected. Hematoxylin and eosin (HE) staining were performed to 
investigate the structural features of the ascending aortic vascular tissue. Nanodropnd-100 was used to 
detect the surface level of RNA in 10 samples included in the experiment, to ensure that the quality of the 
standard was consistent with the core plate detection. NanoDrop ND-1000 was used to detect the RNA 
expression levels in 10 specimens included in the experiment to ensure that the quality of specimens satisfied 
the requirements of the microarray detection experiment. The Arraystar Human LncRNA/mRNAV3.0 
expression profile chip (8×60K, Arraystar) was used to detect the expression levels of lncRNAs and mRNAs 
in the tissue samples.
Results: A total of 29,198 lncRNAs and 22,959 mRNA target genes could be detected in the above tissue 
samples after the initial data were standardized and low-expression information was filtered. The data in the 
middle of the range of 50% value consistency was higher. The scatterplot results preliminarily suggested 
that there were large numbers of lncRNAs with increased and decreased expression in Stanford type A aortic 
dissection tissues compared with normal aortic tissues. The differentially expressed lncRNAs were enriched 
in BPs including apoptosis, nitric oxide synthesis, estradiol response, angiogenesis, inflammatory response, 
oxidative stress, and acute response; cell components (CCs) including cytoplasm, nucleus, cytoplasmic matrix, 
extracellular space, protein complex, and platelet α granule lumen; and MFs including protease binding, zinc 
ion binding, steroid compound binding, steroid hormone receptor activity, heme binding, protein kinase, 
cytokine, superoxide dismutase, and nitric oxide synthase activities.
Conclusions: Gene ontology analysis demonstrated that many genes in Stanford type A aortic dissection 
were involved in cell biological functions, cell components, and molecular functions through upregulating 
and downregulating the levels of expression. 
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Introduction

Acute Stanford type A dissecting aneurysm is a life-
threatening cardiovascular disease with high morbidity and 
mortality (1). Within the first 48 h after the occurrence of 
acute Stanford type A dissecting aneurysm, the mortality rate 
reaches 50–68%, and with the passage of time, the average 
hourly mortality rate increases by 1% (2-5). If treatment is 
not administered in a timely manner, about 90% of patients 
will die within 3 months. The pathogenesis of acute aortic 
dissection is complex, involving many factors (6), and the 
specific etiological mechanisms remain to be fully elucidated. 
The rapid development of molecular biology technology 
and the emergence of biochip technology has provided a 
powerful means to reveal the pathogenesis of diseases at the 
gene level, and promote the transition of medicine from the 
“system, blood vessel, tissue, and cell” level to the “DNA, 
RNA, protein, and their interaction” level (7).

Aortic dissection is the most dangerous disease in 
cardiovascular surgery, with a very high mortality rate (8). 
The disease progresses rapidly after onset, and more than 
20% of patients suffer from aortic dissection rupture and 
died before being admitted for treatment (8). With the 
changes in the spectrum of cardiovascular diseases and 
the continuous improvements in diagnostic techniques, 
the detection rate and incidence of cardiovascular diseases 
have increased. The annual incidence of aortic dissection 

in the population as a whole is conservatively estimated 
to be approximately 5–30 per 100,000 (9). According to 
the International Registry of Aortic Dissection (IRAD) 
statistics, without treatment, patients with type A aortic 
dissection have a mortality rate of approximately 1–2% per 
hour within 48 h, 70% per week, and 80% per 2 weeks. 
The 3-month mortality rate is 90%, the 1-year survival 
rate is less than 10%, and almost all patients will die within 
10 years (10). With drug treatment alone, the mortality 
of type A dissection is close to 20% in 24 h, 30% in 48 h, 
40% in 7 days, and 50% in 1 month. With active surgical 
treatment, the mortality of type A dissection is 10% in 24 h,  
13% in 7 days, and 20% in 1 month. Thus, the severity 
of aortic dissection is much higher than that of cerebral 
infarction, myocardial infarction, and malignant tumors, 
and it has become an important medical and social problem 
that severely affects patient well-being. Recent studies 
(11-13) have greatly improved the diagnosis of aortic 
dissection and the diversification of treatment regimens has 
greatly enhanced treatment efficacy. However, the specific 
pathogenesis of aortic dissection remains unclear. It is now 
thought that in addition to some specific causes as such 
as Marfan’s syndrome, giant cell aortic inflammation, and 
trauma, the occurrence of aortic dissection may involve a 
variety of inflammatory cells and inflammatory factors that 
play a role in the degradation of the extracellular matrix and 
vascular remodeling (14). In addition, genetic, environmental, 
hemodynamic, and immune factors may also play an 
important role (15). In recent years, with the development 
of molecular biology technology, researchers have begun 
to explore the nature of human diseases, including aortic 
diseases, at the gene and protein level (16-18).

Long-term hypertension may lead to vascular remodeling, 
intimal thickening, extracellular matrix degeneration, loss 
of elastic fibers, and smooth muscle cell apoptosis, which 
may contribute to aortic dissection. Previous studies (19-21)  
have confirmed that metallomatrix proteinases MMP-2 
and MMP-9, as well as and its inhibitor tissue inhibitor of 
metalloproteinase (TIMP), are abnormally expressed in the 
vascular tissue of acute aortic dissection. It is believed that 
this is involved in the occurrence of acute aortic dissection 
and vascular wall tissue remodeling. A study using cDNA 
microarray technology have detected 3,537 known human 
genes in patients with acute aortic dissection (22). Of these 
genes, 1,250 genes were expressed in aortic tissue, and 66 
genes were significantly differentially expressed between 
dissected aorta and normal aorta. The upregulated genes 
in aortic dissection included genes encoding proteins 
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related to domain infection, extracellular matrix hydrolysis, 
proliferation, transcription, and translation. Downregulated 
genes included those encoding extracellular matrix and 
cytoskeleton proteins (22).

However, the relevant research is still insufficient, and the 
correlation between these differentially expressed genes is still 
unclear. This current investigation used Arraystar’s lncRNA 
chip technology to detect and compare the expression of 
lncRNAs and mRNAs in Stanford type A aortic dissection 
tissue and normal aortic tissue. Bioinformatic methods 
were used to analyze the relationship between differentially 
expressed lncRNAs/mRNAs, construct the gene regulatory 
network of aortic dissection, and explore the pathogenesis 
of aortic dissection. These insights will provide a theoretical 
basis for the diagnosis and treatment of the aortic dissection. 
We present the following article in accordance with the 
STREGA reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-23-308/rc).

Methods

Tissue collection 

The tissue samples of 5 patients who presented with 
Stanford type A aortic dissections and the normal ascending 
aorta tissues from 5 donor heart transplantation patients 
receiving surgical treatment in Ganzhou People’s Hospital 
were collected, all the tissues were collected during the 
surgery. After obtaining the aortic wall specimen (including 
the sandwich flap), the blood stains were rinsed with cold 
0.9% NaCl. 50 mg of aortic wall tissue was weighed and 
total RNA was extracted using the Trizol method. According 
to the instructions of the reverse transcription kit, mRNA 
was reverse transcribed into cDNA using a two-step method 
to detect gene expression. The study was conducted in 
accordance with the Declaration of Helsinki (as revised 
in 2013). The study was approved by institutional ethics 
board of the Ganzhou People’s Hospital (No. 202100162). 
Informed consent was taken from all the patients.

Normalization of the initial lncRNA data and filtering the 
low signal intensity values

The GeneSpring GX V12.0 software package (Agilent 
Technologies) was used to standardize the original data. 
The processing of the original signal value of the chip 
was standardized using the censored mean to increase 
the credibility of the obtained value. The censored mean 

is calculated by removing the maximum and minimum 
values, and then calculating the mean of the remaining 
values. The mean obtained by anti-number change is the 
censored mean (TM).

Preliminary analysis of mRNA data

The GeneSpring GXv12.0 software package (Agilent 
Technologies) was used to standardize raw mRNA data. If 
at least 5 of the 10 tissue samples were shown as marginal 
presence (MP) by standardized mRNA values, the gene 
would be selected for further screening of differential 
mRNAs in Stanford type A aortic dissection. The lncRNA/
mRNA microarray was used to detect the expression of 
22,959 mRNAs in more than half of the Stanford type A 
aortic dissection samples or normal aortic vascular tissues. 
The consistency and expression differences of these mRNAs 
in the 10 tissue specimens was further analyzed.

Target disease screening

The DisGeNET (www.disgenet.org/) and Gene Expression 
Onmibus (GEO; www.ncbi.nlm.nih.gov/geo/) databases were 
searched using the terms “vascular sandwich” and “ischemic 
heart disease” to identify diseases related to aortic dissection.

Differential gene screening of two categories (TwoClassDiff)

Differential gene screening of two categories (TwoClassDiff) 
refers to the analysis of two types of samples in gene chip 
experiments and real time polymerase chain reaction (RT-
PCR) experiments. The first sample type is the experimental 
group and the other sample type is the control group. In 
cases where the principles of normal distribution were not 
satisfied, the significance level and misjudgment rate of the 
differences between genes were calculated using the small-
sample statistical learning theory, so as to screen out the 
significant difference genes of two kinds of samples.

Gene Ontology (GO) analysis

The GO database is a large open biosystematics website 
(http://obo.sourceforge.net/) maintained by the GO Institute 
(http://www. geneontology.org/) and includes a number of 
sub-databases, such as the fly genome database (FlyBase), 
the yeast genome database (SGD), and the mouse genome 
database (MGD). The main objectives of the GO Institute 
are as follows: (I) to provide and maintain categories of gene 

https://jtd.amegroups.com/article/view/10.21037/jtd-23-308/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-23-308/rc
http://obo.sourceforge.net/
http://www. geneontology.org/
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ontologies; (II) to link genes with ontology, so as to carry out 
more effective gene function annotation and information 
extraction; (III) to provide tools to facilitate the use of genetic 
information. GO provides 3 ontological categories, namely, 
molecular functions (MFs), biological processes (BPs), and 
cell components (CCs). Within each category, a classification 
structure is provided that describes the relevant information. 
Each classified term in GO is organized into structures called 
directed acyclic diagrams (DAGs). 

Biological pathway analysis

There are many biological interactions between genes, known 
as “biological pathways”. There are two main methods to 
analyze differentially expressed genes and their relationship 
to biological pathways using microarray experiments.

Statistical analysis

Based on the results of lncRNA/mRNA microarray, t-tests 
using the unpaired unequal variance (Welch) algorithm were 
performed to screen out the genes with fold change (FC) 
≥2 and P value <0.05 as significantly upregulated genes. 
All differentially expressed genes were imported into the R 
package software for GO analysis and pathway analysis.

Results

Screening of lncRNAs in Stanford type A aortic dissection 

Figure 1 shows the differentially expressed lncRNAs, 

including upregulated and downregulated lncRNAs, in 
Stanford type A aortic dissection.

Protein-protein interaction (PPI) network analysis and 
module analysis 

Differentially expressed genes with |log2FC| >2 were 
analyzed using the STRING online platform, and the 
Cytoscape (v 3.9.1) software was used to generate the PPI 
network diagram. The Cytohubba plug-in was then used to 
screen out the top 10 genes with the highest connectivity 
using the Medicines Control Council (MCC), Degree, and 
multinucleated cells (MNC) algorithms. The Centiscape 
plug-in was then combined with parameters such as Degree, 
Betweenness, Eigenvector, and Closeness, and so-called P 
and log2FC values were generated to screen for core genes 
(Figure 2).

Hierarchical cluster analysis of the differentially expressed 
lncRNAs

Hierarchical cluster analysis was performed the further 
study the expression of lncRNAs in Stanford type A aortic 
dissection and normal blood vessels (Figure 3).

GO functional analysis and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway enrichment analysis

GO analysis and KEGG pathway enrichment analysis were 
performed on the key targets. The differentially expressed 
lncRNAs were enriched in BPs including apoptosis, 
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Figure 1 A volcano map analysis of the differentially expressed genes in Stanford type A aortic dissection. The green dot in the figure 
represented significantly up-regulated genes; the red dot in the figure represented the up-regulated genes; the blue dot represented the 
down-regulated genes; and the black dot represented the gene with no significant difference. 
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nitric oxide synthesis, estradiol response, angiogenesis, 
inflammatory response, oxidative stress, and acute response; 
CCs including cytoplasm, nucleus, cytoplasmic matrix, 
extracellular space, protein complex, and platelet α granule 
lumen; and MFs including protease binding, zinc ion 
binding, steroid compound binding, steroid hormone 
receptor activity, heme binding, protein kinase, cytokine, 
superoxide dismutase, and nitric oxide synthase activities 
(Figure 4). 

The KEGG pathway analysis demonstrated that 
the differentially expressed lncRNAs were enriched in 
the tumor necrosis factor (TNF) signaling pathway, 
phosphatidylinositol-3 kinase/protein kinase B (PI3K/
Akt) signaling pathway, hypoxia-inducible factor-1 (HIF-1)  
signaling pathway, apoptosis, chemokine pathway, 
NOD and Toll-like receptor signaling pathway, vascular 
endodermal growth factor (VEGF) signaling pathway, 
prolactin signaling pathway, p53 signaling pathway, and 
adipocytokine signaling pathway (Figure 5). 

Analysis of the pathological features in the arterial wall

Figure 6A shows that the vessel wall is fully formed, 
consisting of the adventitia, the middle layer, and the inner 
layer, with the middle layer being the thickest. The normal 
blood vessel tissue is densely organized and the middle layer 
of elastic fiber is rich. The middle layer of a normal blood 
vessel is generally composed of 40 to 70 layers of elastic 
membrane, collagen fiber dimension, and smooth muscle 
fine cells. At the same time, the fine cell ratio is abundant. 
The blue stain represents the fine nuclei, and the wavy 
structures are elastic fibers. Figure 6B shows that the elastic 
fiber dimension of normal blood duct tissue is thick and 

Figure 2 The protein-protein interaction network of Stanford type A aortic dissection.

Figure 3 Hierarchical cluster analysis.
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wavy, and the gap between elastic forces is small (Figure 6).

Discussion

Analysis of the lncRNA/mRNA microarray identified 
genes that were significantly upregulated or downregulated 
between acute Stanford type A aortic dissection and 
normal aortic tissue. Gene ontology analysis revealed the 
associated enriched BPs, CCs, and MFs, while KEGG 
analysis identified the enriched biological pathways of the 
differentially expressed genes. 

The differential expression of genes may result 
in significant changes in aortic vessel wall structure, 
which may subsequently lead to the formation of aortic 

dissection (23-26). KEGG pathway analysis revealed that 
the differentially expressed genes of Stanford type A type 
aortic dissection were involved in 84 signaling pathways. 
The upregulated mRNAs were involved in 52 signaling 
pathways, with the top 3 most enriched pathways being 
the cytokine and cell interaction factor receptor pathway, 
rheumatoid arthritis signaling pathway, and Staphylococcus 
aureus infection signaling pathway (27). Differentially 
downregulated mRNAs genes in Stanford type A aortic 
dissection were involved in 32 signaling pathways, with 
the top 3 pathways being the vascular smooth muscle 
contraction-related pathway, actin cytoskeletal pathway, 
and adhesion spot signaling pathway. According to the 
structural characteristics and components of vascular 

Figure 4 GO functional enrichment analysis. (A) Bar chart analysis; (B) bubble pattern analysis; (C) cyclic graph analysis. BP, biological 
process; CC, cellular component; MF, molecular function; GO, Gene Ontology.
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Figure 5 KEGG functional enrichment analysis. (A) Bar chart analysis; (B) bubble pattern analysis; (C) cyclic graph analysis. KEGG, Kyoto 
Encyclopedia of Genes and Genomes.
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Figure 6 Pathological features of Stanford type A aortic dissection. (A) Type A aortic dissection specimen 1; (B) type A aortic dissection 
specimen 2; (C) type A aortic dissection specimen 3 (immunohistochemistry, ×200).
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tissue, we believe that one upregulated pathway, being the 
cytokine and cytokine receptor pathway, and the 3 previously 
mentioned downregulated pathways may be the most 
closely related to the pathogenesis of aortic dissection (28).  
Gene ontology analysis revealed that the differentially 
upregulated mRNAs in Stanford type A aortic dissection 
are involved in a variety of biological processes, especially 
in inflammatory stimulation and immune response (29), 
suggesting that inflammation is generally involved in 
the development of aortic dissection. Furthermore, the 
enriched cell components included the cytoplasm, cell 
membrane and components of cell membrane, extracellular 
space, extracellular region, and the junction part of the 
extracellular region. Finally, the enriched molecular 
functions included protein linking, signaling molecule 
sensor activity, chemokine activity, and cytokine receptor 
binding (30-32). These data indicated that the formation 
of aortic dissection involves a series of changes in a variety 
of cytokines, chemokines, and their receptors, leading to 
gradual changes in cellular ultrastructure that affects the 
tension resistance of the aortic wall. 

The ontology analysis of the differentially downregulated 
mRNAs in Stanford type A aortic dissection revealed 
enrichment in a variety of biological processes, especially 
in cytoskeletal proteins and muscle fiber and myofibrillar 
contraction. This reflects the changes in the process of 
muscle contraction, the muscle system and systems in the 
process of growth and development. Genetic alterations 
may also lead to muscle system changes which may play a 
role in the development of aortic dissection. The enriched 
cell components were mainly the cytoplasm, cell membrane, 
and peripheral components, and the enrichment score 
showed that the changes were most significant in the 
contractile fiber, contractile fiber, and myofibrils. Finally, the 
molecular connectivity function changes were enriched in 
protein and cytoskeletal protein link function, and cellular 
receptor function. The enrichment value score suggested 
that actin cytoskeleton protein connections and changes in 
the structure of the muscular system composition may play 
a significant role in aortic dissection (33). The changes in 
cell junction components, especially cytoskeletal protein 
junctions, myofibrils, and actin, lead to gradual changes 
in cell junction contraction and cytoskeletal components, 
which may affect the composition structure of the aortic 
wall, and the tension resistance of the aortic wall. 

LncRNAs are non-coding transcripts of about 200 
nucleotides in length. They are located in the nucleus or 
cytoplasm, and rarely participate in the function of protein 

coding. Indeed, lncRNAs were once considered by-products 
in the process of transcription with no biological function. 
However, increasingly, a study has shown that lncRNAs 
may have complex biological roles, including regulation of 
gene expression at the epigenetic level, transcriptional level, 
and post-transcriptional level (34). It is now believed that 
lncRNAs are widely involved in almost all pathophysiological 
processes of the body, and is closely related to many 
clinical diseases (34). In recent years, the role of lncRNAs 
in circulatory diseases has attracted increasing attention. 
Some reports have confirmed that lncRNAs are important 
regulatory molecules involved in the development of 
cardiovascular diseases. A study has shown that lncRNAs can 
regulate transcription and translation through transcriptional 
interference, gene post-transcriptional regulation, 
translation inhibition, mRNA denaturation, production of 
endogenous small interfering (si)RNA, interaction with other 
biomolecules, activation of auxiliary proteins to inactivate 
target genes, change the protein position of target sites, 
and formation of large RNA-protein complexes. Enhancer 
RNAs (eRNAs) identified in this study are generated by 
bidirectional transcription of RNA polymerase II clustered 
near the enhancer region, suggesting that they may play an 
active role in the process of mRNA synthesis (35).

Limitations

This study was based on bioinformatics analysis. Further 
in vivo and in vitro experimental studies were needed to 
confirmed the conclusions. Moreover, we did not study the 
role of necrosis and immune infiltration in Stanford type A 
aortic dissection. Moreover, weighted correlation network 
analysis was not conducted in this study. 
 

Conclusions

The studies of biological indicators related to different 
diseases are of great significance for diagnosis and treatment 
(36-40). Analysis of the biological pathways revealed that 
the differentially expressed lncRNAs in Stanford type A 
aortic dissection are enriched in the cytokine receptor 
interaction pathway, vascular smooth muscle contraction 
related pathway, the actin cytoskeleton, and sticky spot 
signal pathway. 
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