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PKDI1 participates in the processing of aortic dissection via regulating vascular smooth
muscle cell contraction and MAPK signaling
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ARTICLE INFO ABSTRACT

Original paper Aortic Dissection (AD) is a cardiovascular emergency with high mortality, of which one feature is the phe-
notypic switch of vascular smooth muscle cells (VSMCs). Transient Receptor Potential Channel Interacting
Article history: (PKD1I) has been regarded as one regulator as well as one biomarker for AD. However, multiple candidate
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pathways were reported through which PKD1 regulates AD in previous studies, but a comprehensive insight
is still absent. In this study, we compared the AD and normal samples in transcriptome scale and detected
717 PKDI-related differential expressed genes, which enriched in mitogen-activated protein kinase (MAPK)

signal transduction (AD tissue preference) and VSMC contraction pathway (normal tissue preference). Fur-
Keywords: thermore, we also found two important functional hub genes in PKDI regulation, JUN and ACTN2, and esta-
blished a carnal-miRNA-mRNA network. Our study demonstrated the co-regulation of muscle development

Aortic Dissection (AD); vascular | 5,4 signal transduction in AD’s progression and also provided the genetic basis for the following mechanism
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Introduction

Aortic Dissection (AD) is characterized as a tear wit-
hin the intimal layer of the aorta, causing separation of
the intimal and medial layers of the aortic wall (1). As the
major cell type in aortic tissue, vascular smooth muscle
cells have two phenotypes, contractile and synthetic. The
phenotypic switch from contractile to synthetic vascu-
lar smooth muscle cells (VSMCs), with the increase of
proteolytic enzyme production, is a key alteration in AD
development. The infiltration of inflammatory cells and
endoplasmic reticulum stress induced by mechanical wall
stress are associated with VSMCs apoptosis, which may
also contribute to AD development and progression (2,3).
The previous study also evidenced that the mitogen-activa-
ted protein kinase (MAPK) signaling pathway, which may
regulate cellular apoptosis and stress responses, might be
the key pathophysiological cause of AD (4).

Focused on the muscle and inflammation alterations
in AD, several biomarkers have been found, such as the
muscle development-related genes, a-SMA, smMHC,
sELAF, PC1 and D-dimer (5); and succinic acid, which
participate in p38 MAPK signaling (6).

As one essential protein in maintaining the structural
integrity and stability of the vessel wall, PC1, encoded by
PKDI (Polycystin 1, Transient Receptor Potential Chan-
nel Interacting) was verified to regulate the development
and progression of TAD via activation of mTOR/S6K/
S6 signaling pathway (7). Besides, other research also
found that the PKD1 mediated MEK/ERK/myc signaling
pathway (4), which might be the key pathophysiological

cause of AD. As a result, PKDI showed a multi-potential
influence on AD, from muscle and inflammation pathways.
However, the major mechanism and interaction network
for how PKDI regulates AD processing is still unknown,
a comprehensive study is needed from the transcriptome
profile.

In this study, we compared the normal and AD samples
and focused on the variation of correlated genes with
PKD1, as well as their interaction network. The aim is to
expose the major signaling pathway of PKD1 in AD deve-
lopment and progression, as well as the candidate regula-
tory network.

Materials and Methods

Dataset
The AD and normal samples used in this study were

downloaded from the gene expression omnibus (GEO;
GSE153434).

Differential expressed genes (DEGs) detection

The limma package of R was used to screen out DEGs
(8). The candidate gene list was assessed by t-test, and
Benjamini and Hochberg's method was used to adjust the
P-value. All DEGs were screened out by the following cri-
teria: at least a 0.8-fold change between healthy controls
and AD patient samples and with adjusted P < 0.05.

PKD1 co-expressed genes screen
We used the Spearman test to check the co-expression
genes of PKD1, with a threshold [r| > 0.5 and p < 0.05. And
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heatmaps were generated using the "heatmap" package of
R.

Enrichment analysis

The DAVID v6.8 (9) was used to do the gene ontology
annotations, and all categories were divided into the mole-
cular function (MF), biological process (BP) and cell com-
position (CC). The functional enrichment of the candidate
gene list was analyzed by Kobas (10) based on the KEGG
database. For both two kinds of enrichment analysis, all
significant categories were required to have an adjusted P-
value below 0.05 in Benjamini and Hochberg's test.

Gene cluster identification and protein-protein interac-
tion (PPI) network analysis

The candidate gene list was applied in the STRING
database to obtain the protein network interaction diagram
(11), and visualized by Cytoscape v.3.7.1(12). The gene
cluster with the highest scores was imported to draw the
protein interaction network, and the network was used to
determine the hub genes.

Prediction of pivotal miRNAs and construction of
gene-miRNA interaction network analysis

Genes related to the crucial pathway were selected and
performed with a multiMiR to predict its targeted miRNAs
(13). To verify the accuracy of the results, eight databases
including DIANA-microT (14), EIMMo (15), MicroCosm
(16), Miranda (17), mirdb (18), PicTar (19), PITA (20),
and TargetScan (21), were used to do intersection. The re-
sult obtained from the intersection was further processed
with Cytoscape v3.7.1, and miRNAs were required to tar-
get more than two genes.

miRNAs-circRNA prediction

StarBase v2.0 was used to predict the upstream mole-
cules circRNAs of miRNAs, and the obtained data was
processed using Cytoscape v3.7.1. The intersection of pre-
dicted results of each miRNA was obtained by using the
cross-linked graph to identify relevant circRNAs.

Construction of the circRNA-miRNA-mRNA network
circRNA-miRNA pairs and the miRNA-mRNA pairs
were integrated, and the nodes that could not accomplish a
circRNA-miRNA-mRNA axis were removed. The filtered
results were constructed a preliminary circRNA-miRNA-
mRNA network, and visualized by Cytoscape v3.7.1.

Statistical Analysis

All bioinformatics analyses in this study were conduc-
ted using R software (v.4.0.2). Student T-test was perfor-
med for continuous variables. Then, P values were adjusted
on the basis of Benjamini and Hochberg's test. Statistically
significance was determined so long as p values < 0.05.

Results

Detection of PKDI-related differential expressed genes
in AD and normal samples.

We collected the expression profile of 20 samples,
containing 10 aortic dissection tissue samples and 10 nor-
mal tissue samples. A total of 2908 differential expression
genes were found, with 1115 genes up-regulated, and 1793
down-regulated in AD samples (Figure 1A, 1B). Notably,
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Figure 1. Identification of PKDI-related DEGs. (A) The volcanic
map of the DEGs in AD and normal samples. (B) The heatmap of
DEGs. (C) The Venn plot shows the interaction of PKDI co-expressed
genes and DEGs.

PKD] is one down-regulated gene in AD samples with
a significant p-value of 0.034 and a log, (Fold change)
value of -0.82, accordant with previous research (22). To
infer the influence of PKDI in the development of AD
samples, the co-expressed genes with PKD/ were detec-
ted by a Spearman correlation test. 5675 genes showed a
high related score with PKD1, sharing 717 common genes
with DEGs in AD samples (Figure 1C). Among these 717
genes, 85 were up-regulated in AD samples, and 632 were
down-regulated.

Transcriptional differences corresponding to PKDI-re-
lated DEGs

To investigate the potential roles of these 717 genes in
AD development, gene ontology enrichment and functio-
nal enrichment tests have been done. A total of 50 catego-
ries were enriched and kept with a threshold of Corrected
P-value below 0.05 applied based on Benjamini-Hochberg
correction, consisting of 8 in biological process (BP), 32
in cell component and 9 in molecular function (MF) (Fi-
gure 2A). In terms of BP, the categories related to muscle
development have the highest significant scores, including
“skeletal muscle tissue development” (GO:0007519),
“negative regulation of smooth muscle cell prolifera-
tion” (GO:0048662) and “cellular response to calcium
ion” (GO:0071277). Notably, the MF enrichment results
also indicated the pivotal changes in VSMCs, all signifi-
cant MF categories were related to muscle development,
as well as calcium ion binding and activity, which play a
vital role in VSMCs contraction. Two categories remar-
kable with the highest gene ratios in CC were also obser-
ved, “plasma membrane” (GO:0005886) and “cytoplasm”
(GO:0005737). These two enriched components demons-
trated that key changes may occur in the membrane and
cytoplasm, but not in the nucleus.

The function enrichment showed other key changes
in AD development. 717 genes were divided into up-re-
gulated (UP) and down-regulated groups (DOWN), and
enriched in the KEGG database, separately. Filtered by
the same threshold with GO analysis, 2 categories were
retained in the UP group, while 58 were in the DOWN
group (Figure 2B). The genes up-regulated focused on the
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Figure 2. Enrichment analysis for PKD-related DEGs. (A) The GO
enrichment results of 717 PKDI-related DEGs. The enriched gene
numbers are represented by sizes of circles, and -log , (Corrected P-
value) by gradation of colors. (B) The bar plot for functional enrich-
ment of 717 PKDI-related DEGs. The categories were separated by
UP and DOWN groups, shown by red and blue colors. The pathways
with black font were mostly discussed.

“MAPK signaling pathway” had the highest significant
P-value, which has been proved in previous research (4).
One category in the DOWN group also drew attention,
“Vascular smooth muscle contraction”, which also has
been verified in a previous study (7).

PPI network analysis and detection of hub genes

The 717 genes were utilized to build a protein-protein
interaction network referring to the STRING database,
containing 500 nodes and 1369 edges. With a threshold
of confidence more than 0.9, only two genes JUN and
ACTN2 were reserved (Figure 3). JUN (Jun Proto-Onco-
gene), is identified as a major AP-1 family member, and
known as an essential regulator of major biological events
such as cell proliferation (23). JUN is regulated by phos-
phorylation of its N-terminal activation domain by MAPK
(24). ACTN?2 encodes alpha-actinin-2, a protein expressed
in human cardiac and skeletal muscle, which may drive
the transition of VSMCs to a mechanically stiffer state
(25). Both two hub genes participated in the coincident
pathways compared with functional enrichment analysis.

Establishment of cicrRNA-miRNA-mRNA interaction
network

Using these three genes (PKDI, JUN, ACTN2) as
cores, a total of 822 pairs of miRNA-mRNA were detected
among 8 databases (Figure 4A). Most pairs were found in
Targetscan, with a number of 210. To eliminate the errors,
those pairs which only exist in one database were filte-
red. Among these pairs, 3 miRNAs were remarkable, hsa-
miR-625-5P, hsa-miR-1252-5P, and hsa-miR-29b-3p. All
of these 3 miRNAs can regulate at least 2 genes through
interaction. To figure out the interaction network, circR-
NA-miRNA pairs were predicted by referring to the Star-
base database. 1350, 1918 and 2262 circRNAs for hsa-
miR-625-5P, hsa-miR-1252-5P, and hsa-miR-29b-3p were
detected respectively. As a result, 7106 circRNA nodes, 3
miRNA nodes, 3 mRNA nodes, and 5537 edges constitu-

Figure 3. The interaction network for genes strongly associated with
PKD]I-related DEGs. The gradient of colors represents the correlation
score, the darker color means a stronger correlation.
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Figure 4. Establishment of circRNA-miRNA-mRNA network.
(A) Shuffling plots of predicted miRNAs based on eight databases.
(B) The subnetwork of circRNA-miRNA-mRNA network. The red
triangle nodes represented the central genes identified from PPI, green
diamonds its corresponding miRNA and yellow oval circRNA.

ted the circRNA-miRNA-mRNA network together. A sub-
network that only contained the circRNA of degree 3 was
shown (Figure 4B).

Discussion

We have indicated the candidate role of PKDI in the
pathogenesis of AD, as well as the main pathways, inclu-
ding the decline of VSMCs contraction, the disorder of
calcium ion regulation (normal tissue preference), and the
enhancement of MAPK signaling (AD tissue preference).
Also, we built a PKDI-nuclei mRNA-miRNA-circRNA
interaction network in AD, demonstrated two hub genes,
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and candidate-related miRNAs and circRNAs.

In the previous study, the correlation between PC1 and
AD has been observed, for instance, reduced PC1 expres-
sion will influence VSMCs phenotypic transition, from
contractile to synthetic VSMCs, through mTOR/S6K/
S6 signaling pathway (7), and also, PC1 downregulation
promoted VSMC proliferation and phenotypic switch, by
MEK/ERK/myc pathway (4). Our findings are coordinated
with others and give a more comprehensive interpretation
of PKDI regulation in AD. Moreover, the two hub genes
ACTN2, and JUN, which play important roles in PKD1-
AD regulation also supported this result. ACTN2 plays
important structural and functional roles in the sarcomere
and contractile apparatus (26). And ACTNI, in the acti-
nin alpha gene family, was proven to interact with PKDI
(27). While JUN, encoding c-JUN protein, is activated by
c-Jun N-terminal kinase (JNK)-mediated phosphorylation,
which participates in MAPK signaling pathway (28).

It have been widely reported for the coregulation of
miRNA and circRNA in AD’s development (29). But it is
still empty for the PKD-related network in AD. Here, we
investigated three candidate key miRNAs, hsa-miR-625-
5P, hsa-miR-1252-5P, and hsa-miR-29b-3p. For example,
hsa-miR-29b-3p has been verified to target the key genes in
vascular smooth muscle contraction as well as the MAPK
signaling pathway (30). Additionally, further experiments
are still needed to confirm the correlations.

In conclusion, our study provides a more comprehen-
sive understanding for the development and progression
of AD, as well as an insight of the role of PKDI. The can-
didate hub genes and cicrRNA-miRNA-mRNA network
also complete the genetic basis for further mechanism
researches.
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