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Aortic dissection is a life-threatening condition caused by a tear in the intimal layer of the aorta or bleeding within the aortic wall,
resulting in the separation of the layers of the aortic wall. As Nienaber reported, aortic dissection is most common in people 65–75
years old and has an incidence of 35 cases per 100,000 people per year in this population. Many pathogenic factors are involved in
aortic dissection, including hypertension, dyslipidemia, and abnormality of the aortic intima caused by genetic variation.
However, with the development of gene sequencing and transgenic technology, genetic methods are being used for the
diagnosis and treatment of diseases, including acute aortic dissection. Genetic research on acute aortic dissection began around
2006. Recently, research on acute aortic dissection has mainly focused on microRNA (miRNA). Studies have found that
miRNA plays a critical regulatory role in the occurrence and development of acute aortic dissection. By regulating miRNA
expression, acute aortic dissection can be prevented and treated.

1. miRNAs and Aortic Dissection

miRNAs are small single-stranded noncoding RNA mole-
cules containing about 22 nucleotides found in plants,
animals, and some viruses that function in RNA silencing
and the posttranscriptional regulation of gene expression
[1]. Because of their conservative sequences and the small
number of bases, scientists have studied miRNAs as cardio-
vascular disease markers [2] and therapeutic drug targets
[3]. However, there are few studies on miRNA and acute
aortic dissection, and the research methods are relatively
simple, which hinders the development of miRNA markers
and therapeutic drugs for aortic dissection.

There are two main methods to study aortic dissection
and miRNA: first, extract miRNA from patient aortic tissue
and compare it with normal aortic tissue to obtain differen-
tially expressed miRNAs and then test stimulators or inhibi-
tors of these miRNAs in animals, which is currently the
mainstream method. The other is to extract the plasma of

patients with aortic dissection and analyze themiRNAexpres-
sion profile compared to healthy people to identify differen-
tially expressed miRNA. This research method is less often
used and lacks experimental animal verification. The former
research method is less affected by confounding factors, and
the former research thinking is meticulous. In contrast, the
latter research method is more macroscopic and holistic, for
its research source is from circulating blood, and its clinical
value is higher than the former to a certain extent. Overall,
there are advantages and disadvantages of each of the above
two approaches, and finding new research methods that
balance the advantages and disadvantages of these approaches
will help researchers gain a deeper understanding of the path-
ogenesis of miRNA and aortic dissection.

Research on miRNA and aortic dissection began in 2011.
Liao et al. first extracted tissue from the aorta of patients
with thoracic aortic dissection, sequenced their DNA, and
compared it with normal aortic tissue. They found that 18
miRNAs were upregulated and 56 were downregulated
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(fold change > 2, P < 0:01). They then confirmed by qRT-
PCR that seven of the screened miRNAs were statistically
consistent. That study also explored the downstream path-
way of these miRNAs and found them to be related to cell
adhesion and the MAPK pathway, which paved the way
for later exploration of the underlying mechanism [4]. Wang
et al. also found 30 abnormally expressed miRNAs in aortic
tissue of patients with acute aortic dissection, including 13
upregulated and 17 downregulated miRNAs, using high-
throughput sequencing. Additional research revealed that
the downstream genes of these miRNAs are related to many
pathways such as intercellular adhesion, extracellular matrix
metabolism, inflammation, and the cell cycle [5]. Neither of
these studies explored the underlying mechanism but only
described the correlation.

Research on the regulatory mechanism of miRNA in
patients with aortic dissection began in 2017. However, it
is not a simple study of aortic dissection but also involves
aortic aneurysms. Yu et al. extracted aortic tissue from aortic
dissection and aortic aneurysm patients. They found that
miR-30a was significantly overexpressed, while lysyl oxidase
(LOX) and elastin were significantly low-expressed in these
patients. Later, after luciferase detection, it was found that
miR-30a could specifically bind to LOX and regulate the
expression of LOX in vascular smooth muscle cells
(VSMCs). Finally, animal experiments further confirmed
that the inhibition of miR-30a expression inhibited the
occurrence of aortic dissection in mice [6]. This was the first
study on target miRNA and aortic dissection found in
humans that was validated in animals. Nearly all of the
subsequent articles followed this method to explore the rela-
tionship between miRNA and aortic dissection, involving
changes in cell phenotype or the regulation of signaling
pathways, which further revealed the regulatory mechanisms
of miRNA. For example, Sun et al. found that miR-27a reg-
ulates vascular remodeling via endothelial cell apoptosis and
interactions with VSMCs. Additional studies in mice found
that overexpressed miR-27a inhibits the occurrence of aortic
dissection [7]. Wang et al. demonstrated that miR-134-5p
inhibits the phenotypic transformation and migration of
VSMCs by targeting the gene STAT5B/ITGB1, thus regulat-
ing aortic dilatation and vascular medial degeneration. In
mice where miR-134-5p was overexpressed, thoracic aorta
dilation is inhibited, and medial vascular degeneration is
reduced by 39% [8].

Additionally, studying the relationship between miRNA
and dissection as an upstream factor can be used as an inter-
mediate factor to prevent aortic dissection. For example,
Duan et al. found that miR-133a is upregulated by adiponec-
tin, thus inhibiting the pyroptosis pathway of cells, and a
series of inflammatory factors such as caspase-1,
interleukin-1 β (IL-1 β), IL-18, and osteopontin (OPN) are
inhibited, resulting in aortic dissection [9].

Studies on the differential expression of miRNA in
patients with aortic dissection are still in progress. The
differentially expressed and regulated miRNAs detected thus
far in aortic tissues do not have the same differential expres-
sion in the plasma of these patients, or the authors of studies
have not mentioned this aspect at all. Therefore, we believe

that studying aortic dissection, a circulatory disease, solely
from miRNAs with differential tissue expression does not
provide a comprehensive picture of the nature of the disease.
Additionally, aortic dissection must occur due to the abnor-
mal expression of circulating miRNAs or other genes that
cause the differential expression of miRNAs in aortic tissues
and thus affect the disease process.

As mentioned above, the miRNA extracted from the
aorta is less affected. However, whether these miRNAs still
play a role in complex intraorganismal environments needs
further exploration. On the contrary, although miRNAs in
human circulation are affected by many factors, if they are
validated to regulate aortic dissection, their clinical signifi-
cance is higher than that of miRNAs in tissue.

Research on the relationship between circulating miRNA
and aortic dissection began in 2015. As mentioned above,
Wang et al. identified 30 abnormally expressed miRNAs in
patient aorta tissue, and there was a significant difference
in the expression of miRNA in plasma. Twenty miRNAs
(10 upregulated and 10 downregulated) were expressed
more than 20× that in healthy controls, and four miRNAs
were significantly differentially expressed in patients’ plasma
and tissues compared with normal controls. However, the
difference in plasma expression was significantly higher than
that in tissues, most of which were more than ten times the
expression seen in tissues [5]. In that study, miRNA expres-
sion in circulation was inconsistent with that in tissue. How-
ever, whether miRNA regulation in tissue or circulation
plays a dominant role in the occurrence and development
of aortic dissection requires more research.

In another study on circulating miRNA and aortic dissec-
tion, Wang et al. screened 21 miRNAs from the plasma of 98
patients, among which there was a significant difference
between miR-4787-5p and miR-4306. Moreover, another
study demonstrated that both miRNAs had high specificity
and sensitivity in the diagnosis of aortic dissection, in which
the area under the receiver operating characteristic (AUC)
curve of miR-4787-5p was 0.898 (95% confidence interval
[CI], 0.847–0.948). The area under the ROC curve of miR-
4306 was 0.874 (95% CI, 0.820–0.927). When the two were
evaluated together, the area under the ROC curve was as high
as 0.961 (95% CI, 0.820–0.927), which is higher than that of
D-dimer [10]. Meanwhile, that paper also investigated down-
stream targets of these miRNAs and their possible regulation.
However, these two miRNAs were not further verified in
mice, so the specific mechanism of their regulation in aortic
dissection needs to be further researched.

Dong et al. published an article in 2017 specifically study-
ing plasma miRNA as a marker of aortic dissection. In this
paper, the target miRNA was identified in three groups of
patients and then further verified. miR-15a could distinguish
patients with acute fatal chest pain and effectively differenti-
ate between healthy people and those with acute myocardial
infarction, aortic aneurysm, or pulmonary embolism. Its
expression level was significantly increased in patients with
acute aortic dissection. Additionally, miR-23a is effective in
distinguishing those with acute aortic dissection from those
with chest pain diseases, with a sensitivity of 75.7% and a
specificity of 100% [11]. However, as in Wang et al., there
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was no mechanistic research, no verification in animal exper-
iments, and the number of patients included was small.
Therefore, its accuracy is still open to question.

miRNA in tissue is related to active surface dissection,
but whether there is such a relationship with circular
miRNA has not been confirmed. Moreover, in the three
studies mentioned above, the difference in miRNA expres-
sion in the plasma of the same patients with aortic dissection
was different; whether there are differences in various popu-
lations also needs to be explored in additional experiments.

Research into miRNA and aortic dissection has been
ongoing for some time. However, a future research direction
will no longer be to screen for differentially expressed miR-
NAs but to explore miRNAs that share differential expression
in tissues and circulation from an integrative perspective,
which will address the advantages and disadvantages men-
tioned above and provide more compelling miRNA targets
for drug therapy in aortic dissection. However, there may be
a long road ahead [12].

2. Long Noncoding RNAs and Aortic Dissection

Long noncoding RNA (lncRNA) is a class of noncoding
RNAs greater than 200 nucleotides in length. These are
now recognized as playing crucial roles in numerous cellular
processes, including the cell cycle, differentiation, and
metabolism as well as in disease [13].

Li et al. studied patients with thoracic aortic dissection
[14]. Aortic tissue specimens from patients were extracted,
and 765 lncRNAs and 619 genes with differential mRNA
expression were identified by sequencing (fold change > 2:0,
P < 0:01). They then performed gene ontology (GO) analysis
and found that lncRNAs with upregulated expression were
associated with cell differentiation, homeostasis, growth,
and proliferation. KEGG analysis of downregulated
lncRNAs showed that they were associated with arrhythmo-
genic right ventricular cardiomyopathy, hypertrophic car-
diomyopathy, and dilated cardiomyopathy. Increasing the
fold change narrowed the number to 16 lncRNAs, and they
found that these lncRNAs were associated with protein-
coding genes. That study then confirmed by RT-qPCR that
the lncRNAs P2RX7, (HIF)-1A-AS2, AX746823, RP11-69I8.3,
and RP11-536K7.5 were associated with P2RX7, cyclin-
dependent kinase inhibitor 2B, HIF-1A, runt-related tran-
scription factor 1, connective tissue growth factor, and inter-
leukin 2 receptor chain mRNAs. In contrast, these lncRNAs
were associated with nuclear receptor activation, nuclear tran-
scription, connective tissue development, and inflammation.

Sun et al. also examined lncRNA expression profiles in
tissues from patients with aortic dissection. Unlike Li
et al., Sun et al. used high-throughput sequencing, which
yielded 269 lncRNAs and 2255 mRNAs. lncRNA-
miRNA-mRNA network analysis revealed that both the
upregulated lncRNA XIST and p21 had similar sequences
of miR-17-5p. Additionally, the predicted binding motifs
of three upregulated lncRNAs (ENSG00000248508,
ENSG00000226530, and EG00000259719) were associated
with upregulated RUNX1 [15].

The above two studies on lncRNAs and aortic dissection
initially revealed differentially expressed lncRNAs in the
tissues of patients with thoracic aortic dissection and
explored the relationship between significantly differentially
expressed lncRNAs and their related downstream mRNAs,
paving the way for later studies. Although the sequencing
methods used in the two articles were different, neither
report investigated related mechanisms, only their expres-
sion profiles. The pathways were not explored, and the cellu-
lar phenotypic changes were not investigated in depth.
Therefore, additional studies were needed to study the rela-
tionship between lncRNAs and aortic dissection.

To address this, Zhang et al. analyzed the aortic tissues of
Stanford type A dissection patients and identified the
lncRNA XIST. They investigated its molecular mechanism
by dual luciferase reporters, qPCR, and Western blot exper-
iments. They found that XIST regulates the expression of
PTEN through the sponge miR-17, which affects the prolif-
eration and regulation of VSMCs. Overexpression of XIST
promotes apoptosis and inhibits the proliferation of VSMCs,
which may lead to the development of aortic dissection [16].
Immediately after, Li et al. showed that downregulation of
the lncRNA PVT1 inhibited the survival, migration and phe-
notypic transition of platelet-derived growth factor-BB
(PDGF-BB) treated human aortic smooth muscle cells by
targeting miR-27b-3p [17]. Ren et al. found that overexpres-
sion of the lncRNA H19 sponged miR-193b-3p to regulate
VSMC function, including upregulating its proliferation
and migration, while these effects appeared to be reversed
after inhibiting H19 expression. Thus, they concluded that
H19may be involved in the development of aortic dissection
[18]. Wang et al. showed that LINC01278 regulated the
expression of the ACTG2 gene through the sponge miR-
500b-5p, regulating the phenotypic transformation, prolifer-
ation, and migration of human VSMCs [19].

Changes in VSMCs are an important mechanism of
aortic dissection. However, the tunica media becomes fragile
in aortic dissection. Additionally, damage is closely related
to changes in elastin and collagen, whose degradation was
accounted for the family of matrix metalloproteinases
(MMPs). Xu et al. extracted lncRNAs from the tissues of
patients with type B dissection and found 393 abnormally
expressed lncRNAs and 432 abnormally expressed mRNAs.
Among them, TNFSF14 was negatively correlated with
MMP14 and MMP19 (the Pearson correlation coefficient rs
was between -7.0 and 8.5). Finally, lnc-TNSF14 may play a
key role in regulating matrix degradation, which may affect
the development of type B aortic dissection [20].

Bioinformatics analysis has also been used to study
lncRNAs and aortic dissection, especially to identify
lncRNA-miRNA-mRNA networks, providing valuable infor-
mation for verifying underlying mechanisms. Shao et al.
analyzed abnormally expressed lncRNAs, miRNAs, and
mRNAs in thoracic aortic dissection using the GEO database;
analyzed differentially expressed mRNAs by KEGG and GO
analyses; constructed a protein-protein interaction network
of differentially expressed mRNAs; identified hub genes.
Finally, their results were verified in another database [21].
Similarly, Zhang et al. found three GEO series (GSEs) in the
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GEO database, with each RNA corresponding to a GSE, and
then they selected three lncRNAs, five miRNAs, and 211
mRNAs. Meanwhile, they analyzed the genes in the con-
structed ncRNA network and identified four pathway axes:
lncRNA-FAM87A-has-miR-31-5p/has-miR-7-5p-E2F2,
lncRNA-C9orf106-hsa-miR-7-5p-E2F2, lncRNA-FAM87A-
hsa-miR-16-5p/hsa-miR-7-5p-IGF1R, and lncRNA-C9orf106-
hsamiR-7-5p-IGF1R [22]. These four pathway networks help
us understand possible pathogenic mechanisms of aortic dis-
section and provide potential critical targets for its treatment.

Research on lncRNAs and aortic dissection has mainly
been carried out only recently. Because of the tissue specific-
ity lncRNAs, no relationship between plasma lncRNAs and
aortic dissection has been detected. For this reason, scien-
tists have not conducted animal experiments to further
verify the mechanism of lncRNAs and aortic dissection in
tissues. lncRNA may play a critical role in regulating the
development of aortic dissection. However, because aortic
dissection is a disease involving both plasma and tissue,
lncRNA may be only an intermediate molecule in the dis-
ease mechanism, acting as an enabler and not as an initiator
of aortic dissection.

3. circRNAs and Aortic Dissection

circRNAs are recently discovered regulatory molecules with
stable properties. Most circRNAs compete for endogenous
RNAs (ncRNAs) and show tissue and developmental stage-
specific expression [23]. Moreover, circRNAs may be
involved in vascular function. For example, 4464 tissue-
specific circRNAs were detected in the normal human aorta
[24]. Also, a recent study showed that circRNAs were aber-
rantly expressed in hypoxia in human umbilical endothelial
cells and exhibited a physiological function in vitro [25].
Furthermore, the circRNA cANRIL may be correlated with
atherosclerotic vascular disease risk in vitro [26, 27].

Research on the relationship between circRNAs and
aortic dissection began in 2017. Like lncRNA, the study of
circRNA and aortic dissection also begins with sequencing
aortic tissue. Zou et al. first sequenced aorta tissues from
patients with aortic dissection and found 8173 expressed cir-
cRNAs, of which 156 were upregulated (fold change ≥ 1:5)
and 106 were downregulated. Then, GO analysis showed
that the upregulated circRNAs were related to cell prolifera-
tion and the regulation of the extracellular matrix. The
downregulated circRNA was related to actin structure and
the actin cytoskeleton. From these circRNAs, 33 with at least
one target miRNA were selected. Among these, circRNA_
101238 was associated with three miRNAs. Finally, through
qPCR and double luciferase reporter experiments, they
showed that circRNA_101238 can adsorb miR-320a to regu-
late the activity of MMP9, which may affect the occurrence
and development of aortic dissection [28].

Thus far, there is only one study on the mechanism of
circRNA and aortic dissection. However, this study was rig-
orous and involved basic research on circRNAs. In Xu et al.,
circ_TGFBR2 was selected from previous studies and was
then verified in aortic dissection and normal aortic tissue.
That study confirmed the significantly low expression of

circ_TGFBR2 in aortic dissection tissue and VSMCs com-
pared to healthy tissues. Second, its ring structure was veri-
fied by RNase R, and the expression of circ_TGFBR2 in the
cytoplasm was confirmed by in situ hybridization. Third,
by downregulating the expression of circ_TGFBR2 in normal
aortic VSMCs, the proliferation, migration, and phenotypic
transition of VSMCs were promoted; by upregulating the
expression of circ_TGFBR2 in VSMCs from aortic dissection
patients, the proliferation, migration, and phenotypic transi-
tion of VSMCs were inhibited. Furthermore, the high bind-
ing of miR-29a and wild-type circ_TGFBR2 was confirmed
by luciferase reporter experiments, and these results were
confirmed again by an RNA pulldown test. Finally, a rescue
test confirmed that lentivirus cotransfection with miR-29a
reversed the effect of circ_TGFBR2 in VSMCs from aortic
dissection patients. Additionally, to further confirm the
mechanism of miR-29a in VSMCs, the downstream target
gene KLF4 ofmiR-29a was identified by bioinformatics anal-
ysis. A luciferase reporter experiment demonstrated that
miR-29a and wild-type KLF4 expression was negatively cor-
related. In VSMCs from aortic dissection patients, KLF4
inhibited the expression of proliferation, migration, and syn-
thetic markers and increased the expression of apoptosis and
contraction markers. A rescue experiment confirmed that
the effect of KLF4 could be rescued by miR-29a. It is worth
mentioning that these studies were performed in mice. It
was confirmed by lentivirus transfection of circ_TGFBR2
that it can sponge miR3-29a to regulate the proliferation,
migration, and phenotypic transformation of VSMCs
through KLF4, affecting the morphology of the aorta and
the occurrence and development of dissection. These results
provide a novel circRNA target for future studies of markers
and drugs [29].

In a study by Xu et al., circ_TGFBR2 was found to play a
pivotal role in patients with aortic dissection, regulating
VSMC phenotypic changes in aortic tissue and the circulation
of rats. We believe this model will be a template for future
studies of aortic dissection and provides a research direction
to reveal the molecular mechanisms of aortic dissection.

Additionally, the superior stability of circRNAs allowed
them to be used as a biomarker for aortic dissection with a
specificity of 86.7% and sensitivity of 90%. Tian et al. found
that circMARK3 as a marker had a high diagnostic value for
the diagnosis of Stanford type A aortic dissection
(cutoff value = 1:497, area under the curve = 0:9344, P <
0:0001, sensitivity = 90:0%, specificity = 86:7%) [30].

Unlike lncRNAs, there are few studies on the role of
circRNAs in aortic dissection. However, the article by Xu
et al. is mechanistically rigorous and involves animal exper-
iments, which is lacking in many studies on lncRNAs and
aortic dissection. Although studies of lncRNAs and aortic
dissection also involve signaling pathways, their rigor is
weakened by the tissue-specific expression of lncRNAs,
which made it impossible to validate these pathways in ani-
mals. In contrast, circRNAs and aortic dissection, circRNAs
and its sponge miRNAs and the miRNA-regulated down-
stream genes have been comprehensively and systematically
experimentally validated. Future research on aortic dissec-
tion should focus on circRNAs.
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4. Discussion

As mentioned above, ncRNAs and aortic dissection studies
mainly include miRNAs, lncRNAs, and circRNAs. These
studies, without exception, investigate profiles to mecha-
nisms. This is a gradually developing process, and the rela-
tionship between molecules or the mechanism underlying
the molecular regulation of aortic dissection is discussed.
Additionally, animal experiments have been carried out to
further confirm these findings.

In profiling studies, many experiments have used high-
throughput sequencing to extract many ncRNAs from aortic
tissue or patient blood. Then, bioinformatics analysis is used
to obtain expression networks of downstream genes, which
provides valuable information for future research. However,
ncRNAs have only been extracted from tissue or plasma, but
not both. Aortic dissection is a disease of both tissue and
blood; aortic tissue is the internal cause and blood is the
external cause. The occurrence of aortic dissection is insepa-
rable from the joint action of internal and external factors.
Unfortunately, only one study on circRNAs in aortic dissec-
tion involved both tissue and blood. In contrast, other stud-
ies only explored one or the other without integrating both
factors, which is unlikely to solve clinical problems. More-
over, research on the regulatory role of ncRNAs in aortic
dissection focuses on the effect of miRNAs or lncRNAs on
VSMCs. Subsequent research needs to be extended to
include other cellular components of blood vessels, such as
endothelial cells, fibroblasts, and macrophages [31].

In mechanistic studies, miRNA is an important bridge
connecting the two types of ncRNAs, lncRNA, and circRNA,
with regulatory genes. miRNA also plays a role in regulating
the occurrence and development of aortic dissection through
gene regulation. However, miRNA and lncRNA studies have
not involved the same molecules coexpressed in plasma and
tissues, so further exploration is still needed.

In conclusion, both profiling and mechanistic studies on
ncRNA have found that it is closely related to the occurrence
and development of aortic dissection. However, due to the
complexity of aortic dissection, no ncRNAs have been found
as biomarkers of aortic dissection, and no effective drug
therapy targets for this disease have been found. These two
aspects will be the direction and focus of future research.
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