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Thoracic aortic aneurysm and dissection (TAAD) is a high-risk aortic disease. Mouse models
are usually used to explore the pathological progression of TAAD. In our studies, we performed
bioinformatics analysis on amicroarray dataset (GSE36778) and verified experiments to define
the integrated hub genes of TAAD in three different mouse models. Gene Ontology (GO),
Kyoto Encyclopedia of Genes and Genomes (KEGG) and protein–protein interaction (PPI)
network analyses, and histological and quantitative reverse transcription-PCR (qRT–PCR)
experiments were used in our study. First, differentially expressed genes (DEGs) were
identified, and twelve common differentially expressed genes were found. Second, genes
related to the cell cycle and inflammation were enriched by using GO and PPI. We focused on
filtering and validating eighteen hub genes that were upregulated. Then, expression data from
human ascending aortic tissues in the GSE153434 dataset were also used to verify our
findings. These results indicated that cell cycle-related genes participate in the pathological
mechanism of TAAD and provide new insight into the molecular mechanisms of TAAD.
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INTRODUCTION

Thoracic aortic aneurysm and dissection (TAAD) is a surgical emergency. When blood enters the
medial layer through an intimal tear, rapid aortic rupture occurs (Bossone, et al., 2018). The onset of
TAAD is usually sudden, without warning. Risk factors for TAAD include age, sex, hypertension,
hypercholesterolemia, smoking and connective tissue disorders (Gawinecka, et al., 2017; Nienaber and
Clough, 2015). In recent years, diagnostic and therapeutic techniques for TAAD have improved;
however, its overall mortality remains high (Evangelista, et al., 2018; Melvinsdottir, et al., 2016).
Therefore, research on the molecular mechanisms and pathological progression of TAAD is crucial.
Many mouse models have been used in mechanistic studies, such as Fbn1 C1039G/+ mice (Judge, et al.,
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2004) and mice with specific ablation of transforming growth
factor-beta receptor II (Tgfbr2) in vascular smooth muscle cells
(VSMC) (Li, et al., 2014).

Tgfbr2f/f homozygous mice were generated through the
insertion of loxP sites flanking TGFBR2 exon2 (Bhowmick,
et al., 2004). Myh11-CreERT2 Tgfbr2f/f mice were generated
by crossing Myh11-cre (a smooth muscle-specific Myh11
promoter) mice and Tgfbr2 f/f mice, resulting in disease of
the thoracic aorta (Li, et al., 2014). In mice with specific
ablation of Tgfbr2 in the VSMCs at the age of 4 weeks, TAAD
and hemorrhage of the aortic wall often occur in the
ascending aorta and extend into arch branches. In previous
studies, the loss of TGF-β signaling in VSMCs elicited
vascular cell proliferation in all layers of the aortic wall
(Li, et al., 2014), but the hub genes involved in the
regulation of this process have not been revealed. Thus, to
gain insights into hub gene regulation in the pathogenesis of
TAAD progression, we performed bioinformatics analysis on
a microarray dataset (GSE36778) and experimentally verified
hub gene expression. A schematic flowchart of the techniques
used is shown Figure 1.

In our research, bioinformatics analysis was applied to
explore the gene expression profile of ascending aortic tissues
from three murine models from GSE36778. Protein–protein
interaction (PPI) analysis was performed to identify hub genes,
which were enriched in cell cycle processes. Then, ascending
aortic tissues from the same mouse models were collected, and
the hub gene expression was validated using quantitative real-
time reverse-transcription PCR (qRT–PCR). These studies
highlighted and validated that cell cycle-related genes and
immune cells were deregulated and explored the molecular
mechanism involved in ascending aortic aneurysms.

MATERIALS AND METHODS

Data Sourcing and Identification of
Differentially Expressed Genes
The microarray dataset data (GSE36778) were downloaded
from the GEO database (http://www.ncbi.nlm.nih.gov/geo/),
basis on the GPL6246 platform analyzed by the Affymetrix
Mouse Gene 1.0 ST Array. The datasets were 12 ascending
aorta samples, including 3 Tgfbr2f/f mice (CON), 3 Myh11-
CreERT2. Tgfbr2f/f mice (TR2), 3 Fbn1C1039G/+ mice (FB) and
3 Myh11-CreERT2. Tgfbr2f/f mice/Fbn1C1039G/+ mice
(FBTR2). FBTR2 mice is integrate specific ablation of TGF-
β signaling in smooth muscle and heterozygous fibrillin-1
mutation.

Differentially expressed genes (DEGs) of three TAAD
mice model comparison with CON was analyzed by
GEO2R online tools (https://www.ncbi.nlm.nih.gov/geo/
geo2r/), the R package (limma) was used for DGE
identification, the data was transformed by log2 and the
Benjamini & Hochberg (False discovery rate) was applied
adjustment to the p-values. The change in threshold values
were |log2 fold change (FC)| >0.58 and adjusted p-value<0.05
were considered significant for the DEGs. To show the

differential expression of each DEG, volcano maps were
drawn using the ggplot2 (R package) and heatmaps of the
DEGs by pheatmap (R package).

Gene Ontology and Kyoto Encyclopedia of
Genes and Genomes Analyses
GO and KEGG enrichment analysis were analyzed by
Metascape (https://metascape.org) for different changed
genes. The picture of pathways was also generated by
Metascape online tools. Ggplot2 (R package) was used to
plot the KEGG pathways.

Protein–Protein Interaction Network
Detection
Top changed genes were selected for protein-protein interaction
network by STRING database (https://www.string-db.org/)
(Franceschini et al., 2012). The interaction network was
visualized by in-house web-tool from STRING.

Animal Models
Myh11-CreERT2. Tgfbr2f/f mice and Fbn1C1039G/+ mice were
obtained from Jackson Lab. All animals’ experiments were
approved by the Institute of Institutional Animal Care and
Use Committee of Capital Medical University, Beijing, China.
Animal protocols were performed in accordance with the Guide
for the Care and Use of Laboratory Animals published by the US
National Institutes of Health. All the animals were housed in an
environment with a temperature of 22 ± 1°C, relative humidity
of 50 ± 1%, and a light/dark cycle of 12/12 h.

FIGURE 1 | A schematic flowchart of the study. GO, Gene ontology;
KEGG, Kyoto Encyclopedia of Genes and Genomes; TAAD, Thoracic aortic
aneurysm and dissection.

Frontiers in Genetics | www.frontiersin.org March 2022 | Volume 13 | Article 8237692

Zhang et al. Cell Cycle-Related Gene Upregulation in TAAD

http://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/geo2r/
https://www.ncbi.nlm.nih.gov/geo/geo2r/
https://metascape.org
https://www.string-db.org/
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles


Tamoxifen Injections
Tamoxifen solution was prepared by 40 mg tamoxifen (Sigma-
Aldrich Corp, St. Louis, MO, United States; #T5648) was
completely dissolved in 0.5 ml of 100% ethanol, and added

9.5 ml autoclaved olive oil, and stored at −20°C. Experimental
mice at the age of 4 weeks injected 250 µl solution (1 mg/day
tamoxifen) or of a control solution intraperitoneally into
experimental mice each day for 5 consecutive days.

FIGURE 2 | Identification of differentially expressed genes (DEGs). (A) Volcano plot and (B)Heatmap showing the expression of DEGs compared between TR2 and
CON; red indicates up-regulated genes; blue indicates down-regulated genes. (C) Volcano plot and (D) Heatmap showing the expression of DEGs compared between
FB and CON; (E) Volcano plot and (F) Heatmap showing the expression of DEGs compared between FBTR2 and CON; (G) Venn diagram showing the number of
overlap genes in the three comparisons.
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Quantitative Reverse Transcription-PCR
Validation
The hub genes were verified by Quantitative Reverse
Transcription-PCR (qRT-PCR). Total RNA was reverse-
transcribed to cDNA using First Strand cDNA Synthesis Kit
(Life Technologies, Carlsbad, CA, United States) according to the
manufacturer’s instructions. A CFX connected Real-time System
(Bio-Rad, Hercules, CA, United States) and Green Premix ex Taq
II (Takara, Dalian, China) was used for quantitative PCR. All
primers used in this study are listed in Supplementary Table S1.
All samples were normalized to GAPDH. And the relative
expression levels of each gene were calculated using 2−ΔΔCt

methods.

Histology
Aortas from CON, TR2, FB, and FBTR2 group mice were
obtained for histopathological analysis. After mice were

anesthetized, aortas were successively perfused by saline and
4% paraformaldehyde. Thoracic aortas were fixed for 24 h (4%
paraformaldehyde), transferred to ethanol (70%) for subsequent
dehydration and paraffin embedding. Aortas were continuously
cut into sections, and staining Masson’s and EVG staining
followed by protocol (Wang et al., 2021).

Statistical Analysis
Data from 3 independent experiments were presented as
means ± standard error of the mean (SEM). . Normally
distributed data were compared by unpaired Student’s t-test
for two groups comparisons and one-way analysis of variance
(ANOVA). p values <0.05 were considered significant
difference. Data statistically analysis were using GraphPad
Prism 5.0 (GraphPad Software., San Diego, CA,
United States) and SPSS software, version 23.0 (IBM Corp.,
Armonk, NY, United States).

FIGURE 3 | Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis. (A) GO enrichment analysis of DEGs in three
comparison (TR2 vs. CON, FB vs. CON, FBTR2 vs. CON). (B) KEGG pathway enrichment analysis of DEGs compared between TR2, FBTR2 and CON.
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RESULTS

Identification of Differentially Expressed
Genes
Twelve ascending aortic samples were subjected to
comparative gene expression analysis among Tgfbr2f/f mice
(CON) and Myh11-CreERT2. Tgfbr2f/f mice (TR2),
Fbn1C1039G/+ mice (FB) and Fbn1C1039G/+/Myh11-CreERT2.
Tgfbr2f/f mice (FBTR2) at the age of 6 weeks (Li et al., 2014).
TR2 and FBTR2 mice exhibited Tgfbr2-knockout VSMCs
induced by tamoxifen at 4 weeks of age. All the normalized
data are shown in box plots (data shown in Supplementary
Figure S1).

A total of 471 DEGs, including 349 upregulated genes and
122 downregulated genes, were identified by ascending aortic
samples comparing the TR2 and CON mice (Figures 2A,B). A
comparison of DEGs between these two groups showed that
the number of significantly upregulated genes was higher than
the number of significantly downregulated genes.

In contrast, 97 DEGs were obtained by comparing the FB and
CONmice, including 60 upregulated genes and 37 downregulated
genes (Figures 2C,D). Then, we identified 274 upregulated genes
and 211 downregulated genes, for a total of 485 DEGs, in the
comparison between FBTR2 and CON mice (Figures 2E,F).

We further analyzed the overlap DEGs between three mice
models and CON mice. There were 25 DEGs common altered in

FIGURE 4 | The protein–protein interaction (PPI) network constructed via the STRING database. (A) PPI network of the top 30 up-regulated DEGs compared
between TR2 and CON, (B) PPI network of the top 30 up-regulated DEGs compared between FBTR2 and CON.
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both TR2 and FB mice, 265 mRNAs shift in TR2 and FBTR2
mice, 13 DEGs changed in FB and TR2FB mice. Moreover, 12
DEGs simultaneously varied in all three comparisons (8
upregulated and 4 downregulated genes) (Figure 2G). Three
genes (Ccna2, Ccnb2, and Plk1) were involved in the cell cycle
pathway, and the other 9 DEGs were Kif11, D17H6S56E-5,
Ccdc85a, Myo18b, Nusap1, S100a4, Stmn1, Tceal6, and Wif1.

Gene Ontology and Kyoto Encyclopedia of
Genes andGenomes Functional Enrichment
Analysis
To better understand the biological functions of mRNAs in
ascending aortic samples from TAAD mice compared to wild-
type mice, we performed GO and KEGG pathway enrichment
analysis on DEGs. GO enrichment analysis was using Metascape
online tools which is an effective and efficient tool for
experimental biologists to comprehensively analyze in the big
data era. During GO enrichment analysis, DEGs were mainly
enriched for inflammatory response, mitotic cell cycle process,
and regulation of interleukin-6 production in the comparison
between TR2 and CON mice (Figure 3A). Furthermore, the
comparison of FB and CON suggested that DEGs were enriched
for Activation of NIMA Kinases, cell division, and rhythmic
process (Figure 3A). Then, aberrantly expressed mRNAs
between FBTR2 and CON were involved in mitotic cell cycle
process, striated muscle tissue development, and mitotic
cytokinesis (Figure 3A). Taken together, DEGs were enriched
for mitotic cell cycle process and cell division in all three
comparisons (Figure 3A). Cell cycle might be a key change in
the ascending aortas of TAAD mice model.

KEGG pathway enrichment analysis demonstrated that the
cell cycle and progesterone-mediated oocyte maturation
pathways were the significant pathways shared among the
three comparisons (Figure 3B).

Protein–Protein Interaction Network
Construction
To explore the biological characteristics of theseDEGs, PPI networks
were constructed and analyzed by using the STRING online search
tool (string-db.org, version info: 11.5) and compared between TR2
vs. CON (Figure 4A) and FBTR2 vs. CON (Figure 4B). The
minimum required interaction score was selected as greater than
0.7. Two modules of the top 30 hub genes were filtered to show the
functional and physical protein association network of all interacting
factors. The significant nodes of the upregulated DEGs based on PPI
network analysis contained 2 modules.

The PPI network in Figure 4A shows the comparison between
TR2 vs. CON; the two modules are also shown in Figure 4B. The
genes in the large module are related to the cell cycle, mitotic
nuclear division, mitotic cytokinesis and cell division. The larger
module included 27 genes, including Casc5, Cenpa, Cenpn,
Cenpm, Ckap21, Kif11, Ccnb1, Ccnb2, Ccna2, Cdk1, Bub1,
Aurkb, Dtl, Dlgap5, Cenpa, Asf1b, Chek1, Cdca3, Foxm1,
Kif4, Kif18b, Kif23, Esco2, Ckap2, Depdc1a, Anln, and
Arhgap11a. The small module included Cd68, C3ar1, and C1qa.

In the FBTR2 vs. CON comparison (Figure 4B), module 1
containing 19 genes was mainly relevant to the cell cycle and cell
division and included Ckap2, Ccna2, Ckpa21, Chek1, Cep55,
Cdk1, Aurkb, Bub1, Bub1b, Cenpa, Cenpn, Ccnb1, Ccnb2, Cdca3,
Casc5, Aspm, Asf1b, Cdkn3, and Arhgap11a. Module 2 contained
11 genes mainly associated with immune system processes and
the inflammatory response, including Ctss, Cd53, Cd86, Cd68,
C3ar1, C1qb1, C1qc, C1qa, Emr1, Cccl2, and Csf1r. PPI network
analysis was not performed between FB and CON comparisons
because there were too few DEGs.

In the PPI network analysis, 15 integrated upregulated genes
in two paired comparisons, Arhgap11a, Asf1b, Aurkb, Bub1,
Casc5, Ccna2, Ccnb1, Ccnb2, Cdca3, Cdk1, Cenpa, Cenpn,
Chek1, Ckap2, and Plk1, were identified as cell cycle-relevant
modules. Three upregulated genes (C1qa, C3ar1, and Cd68) were

TABLE 1 | GO functional annotation and KEGG pathway enrichment analysis of hub genes.

Category Term Description Genes p Value

KEGG Cell cycle CCNA2, CCNB2, CCNB1, PLK1, CHEK1, CDK1, and BUB1 3.04E-11
Progesterone-mediated oocyte maturation CCNA2, CCNB2, CCNB1, PLK1, CDK1, and BUB1 1.71E-09
Oocyte meiosis CCNB2, CCNB1, PLK1, CDK1, and BUB1 9.40E-07
P53 signaling pathway CCNB2, CCNB1, CHEK1, and CDK1 1.73E-05
FoxO signaling pathway CCNB2, CCNB1, PLK1 0.005367

GO-BP Mitotic nuclear division CCNA2, CCNB2, CDCA3, PLK1, CDK1, CENPN, BUB1, and
AURKB

2.24E-10

Sister chromatid cohesion PLK1, CENPN, CENPA, BUB1, and AURKB 9.15E-07
G2/M transition of mitotic cell cycle CCNB2, CCNB1, PLK1, CHEK1, and CDK1 2.86E-06
Cell division CCNA2, CCNB2, CCNB1, CDCA3, CDK1, and BUB1 4.29E-06
Mitotic nuclear envelope disassembly CCNB2, CCNB1, PLK1, and CDK1 4.71E-06
Anaphase-promoting complex-dependent catabolic process CCNB1, PLK1, CDK1, and AURKB 2.77E-05
Regulation of ubiquitin-protein ligase activity involved in mitotic cell cycle CCNB1, PLK1, and CDK1 1.39E-04
Protein ubiquitination involved in ubiquitin-dependent protein catabolic
process

CCNB1, PLK1, CDK1, and AURKB 1.98E-04

Mitotic cytokinesis PLK1, CKAP2, and CENPA 2.22E-04
Cell proliferation PLK1, CDK1, BUB1, and AURKB 0.002497

GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, biological process.
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inflammation genes. Then, GO and KEGG pathway enrichment
analysis were performed for the 15 integrated upregulated genes
and found that the most enriched pathways were the cell cycle,
mitotic nuclear division and cell division (Table 1). Therefore, we
identified 18 hub genes (Supplementary Table S2) that were
relevant to the cell cycle and inflammation.

Validation of Hub Genes by Quantitative
Reverse Transcription-PCR
For the validation of hub gene expression by qRT–PCR,
ascending aortic samples from four groups of mice were
collected in our lab (Figure 5A). HE and EVG staining were

performed to investigate the histopathological changes in the
ascending aortas of CON, TR2, FB and FBTR2 mice, as shown
Figure 5B. Ultrasound investigation found that the ascending
aortas were larger in TR2, FB, FBTR2 mice than in CON mice.
Histological results showed that ascending aortic tissues
significantly dilated aortic tissue in TR2, FB and FBTR2 mice
(Figure 5B).

To validate the microarray results, these 18 differentially
expressed mRNAs were selected for qRT–PCR analysis in
mouse aortae in the four groups (Figure 6B). All
expression results detected by qRT–PCR were consistent
with the microarray results (Figure 6A), indicating that the
microarray data and analysis were highly reliable.

FIGURE 5 |Representative images of ultrasound and histological results. (A) Experimental prcess of tamoxifen Injections and sample collection. (B)Representative
images of ultrasound (upper), elastin Van Gieson staining (middle) and Masson’s staining (lower) results of Ascending Aortas from four group murine models. N = 6 mice
per group. Scale bar, 50 μm.
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Validation of Hub Genes in GSE153434
We validated the expression of 18 hub genes in GSE153434, which
contained 10 TAAD aortic tissue samples and 10 normal aortic
tissue samples (Zhou, et al., 2020). The expression of 14 of 18 hub
genes was consistent with our analysis inmouse models: Arhgap11a,
Asf1b, Aurkb, Bub1, Casc5, Ccna2, Ccnb2, Cdca3, Cdk1, Cenpn,
Plk1, C3ar1, and Cd68 (Figure 7). Cd68 were significantly highly
expressed in human TAAD samples. (Figure 7). The differences in
these genes were not significant due to the small sample size and
individual variability of the human aortic samples. These gene
expression patterns were consistent with our results found in
mice, indicating that hub genes may play roles in the
pathogenesis of TAAD, not only in mice.

DISCUSSION

Much of the fundamental science of TAAD has focused on
alterations in extracellular matrix components (Grewal and
Gittenberger-de Groot, 2018), smooth muscle function

(Rombouts, et al., 2021), and inflammation-related proteins
(Gao, et al., 2021). According to research over the past several
decades, TAAD development is the result of complex changes in
the vascular cellular and extracellular environment and not a
simple degenerative process (Del Porto, et al., 2013; He, et al.,
2008; Malecki, et al., 2020; Sulkava, et al., 2017). To explore the
molecular pathology of TAAD, many transcriptome sequences of
TAAD samples from humans have been published, but these
studies have had limitations (Bi, et al., 2020; Fang, et al., 2021;
Gao, et al., 2021). Control aortic samples are difficult to obtain
from healthy human specimens, and there is a high degree of
individual variation among human specimens. Another
limitation of studies of human TAAD tissue is that it is
primarily carried out on end-stage surgical tissue, so the
chronology of the inflammatory process is difficult to assess.

Our studies mined, sorted, and screened microarray data of three
TAAD mouse models from the GSE36778 database using
bioinformatics, and further histological and qRT–PCR methods
were applied to validate the bioinformatics analysis results.
Moreover, the hub genes identified in our studies were also
validated in the human TAAD samples in the GSE153434 database.

To identify common differentially expressed genes, we
compared the three TAAD mouse models with controls and
identified 12 codifferentially expressed genes. Meanwhile, 3 of 12
integrated DEGs that were identified in three comparisons were
cell cycle-related genes (Ccnb2, Ccna2, and Plk1). In view of the
results of GO and KEGG term enrichment analysis, we found a
strong relationship between the DEGs and the cell cycle, which
was consistent with other studies (Wang, et al., 2019a).

In our study, the top 30 differentially expressed upregulated
genes were filtered to reduce the scope of the study. The PPI
network analysis showed that the 18 hub genes were divided into
two modules: a larger module was associated with the cell cycle,
and small modules were inflammation genes. Thus, GO, KEGG
and PPI analyses all revealed that the cell cycle and inflammation
were significantly upregulated, which provides full insights into
aortic dissection.

Growing evidence suggests that inflammation participates in
TAAD pathogenesis and the progression of disease (Gao, et al.,
2021; He, et al., 2008). Notably, inflammationmay occur early in the
disease and is thus a driving factor (Goldfinger, et al., 2014; Wang,
et al., 2021). Gene expression analysis revealed upregulation of
multiple inflammatory pathways related to programmed cell
death. Macrophages are present in human TAAD samples and
play a critical role in the pathogenesis of TAAD (Del Porto, et al.,
2013; Gao, et al., 2021). In our research, the inflammation-associated
genes CD68, C1qa, and C3ar1 were hub genes. C1qa and C3ar1 are
included in the complement system (Holt, et al., 2019), and CD68 is
a marker of macrophages (He, et al., 2008). We validated these 3
gene changes by quantitative RT–PCR in TAAD mice compared
with control mice. The complement system and inflammatory
responses induced by macrophage infiltration enhance the
pathological processes in TAAD.

Knowledge of the relationship between cell cycle-related
proteins and TAAD pathological processes is limited.
Upregulation of the Ccna2 and TP53 genes was observed in
MFS aneurysm tissues (D’Amico, et al., 2020). Two previous

FIGURE 6 | The Fold change of 18 Hub genes expression using
microarray (A) and qRT-PCR (B). Murine GAPDH was used as housekeeping
internal control. Three independent experiments and duplicate every time
were done in qRT-PCR.
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bioinformatics studies (Wang, et al., 2019a; Wang, et al., 2019b)
found that cell cycle-related genes (Cdk1, Ccnb1, Ccnb2, and
Aurka) were upregulated in human TAAD samples and indicated
that Cdk1 could be used as a potential diagnostic biomarker and
therapeutic target of TAAD (Wang, et al., 2019a).

Previous studies also confirmed that a loss of TGF-β signaling in
VSMCs elicits vascular cell proliferation in all layers of the aortic wall
(Li, et al., 2014). Our results indicated that 15 cell cycle-related genes,
Arhgap11a, Asf1b, Aurkb, Bub1, Casc5, Ccna2, Ccnb1, Ccnb2,
Cdca3, Cdk1, Cenpa, Cenpn, Chek1, Ckap2, and Plk1, were all
upregulated during TAAD development which are plays roles in
vascular cell proliferation in aortic wall. Ccna2, Ccnb1, and Ccnb2
are members of the cyclin family and bind with cyclin-dependent
kinase (Cdk1); the resulting complex drives cell cycle progression to
promote cell proliferation (D’Amico, et al., 2020; de Carcer, et al.,
2017). Asf1b (anti-silencing function 1b histone chaperone) plays
roles in chromatin-based progression of cellular DNA replication
and cell proliferation (Paul et al., 2016). Plk1 is an essential regulator
of cell division (de Carcer, et al., 2017). A previous study found that
Specific disruption of Plk1 in VSMCs led to impared arterial
homeostasis in mice (Pal-Ghosh, et al., 2021). These genes
included Plk1, Aurkb, Casc5, Cenpa, and Cenpn which are
essential for spindle-assembly checkpoint signaling and for

correct chromosome alignment (Frismantiene, et al., 2018). Cell-
cycle relevant genes were essential for cell proliferation.

We identified the upregulation of cell cycle-relevant genes as a
molecular characteristic of TAAD. A balance of vascular cell
proliferation and death occurs in normal vessels (Liu, et al., 2021;
Rayner, 2017). When vascular disease occurs, these carefully
balanced pathways become disrupted (Rombouts, et al., 2021;
Wang, et al., 2020). VSMCs in blood vessels retain a remarkable
plasticity to maintain its biomechanical properties (Chakraborty,
et al., 2021). VSMCs perform secretion and contractile roles in the
health aortic vessels (Rzucidlo, et al., 2007). In response to
vascular local environmental alterations in early stage of
TAAD development, VSMCs changed differentiated/contractile
phenotype, characterized by increased proliferation, migration,
and extracellular matrix synthesis (Frismantiene, et al., 2018).
These might indicate that cell cycle-relevant genes have a primary
role in VSMC proliferation and phenotype changes, and
promoting the progression of TAAD development.

We validation the expression patterns in human aortic
samples, and found the expression of 14 of 18 hub genes was
consistent with our analysis in mouse models but most not
significance changes. The occurred differences were appeared
might focus on two reasons. Firstly, Human tissues of TAAD

FIGURE 7 | The expression levels of 14 hub genes between the TAAD and normal group in the GSE153434 datasets. **p < 0.01.
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which using formRNA sequencing are one part of the intimal tear
in patients with ascending aortas. However, ascending aortas in
mice is small and usingmicroarray detect entirely mRNA changes
of ascending aortas. secondly, human ascending aortas cannot be
excluded the factors that influence vascular remodeling from
patient, such as age, sex, and weight. Different gene profiles of the
same disease in human resulted in varying data. Mice TAAD
models had better uniformity to help us declared the mechanism
of TAAD disease. Bioinformatics analysis helped to obtain
volumes of data in a short time and differential gene
expression enrichment analysis would help obtain accurate
direction and pave the way for future research. A limitation of
this study was that the sample size of the GES36778 database was
small, and the hub genes associated with the cell cycle need to be
studied further to elucidate their roles in VSMC phenotype
changes and other physiological processes.

CONCLUSION

In conclusion, we identified differentially expressed genes in the
ascending aorta common to three TAAD murine models that
may be involved in the molecular pathology of TAAD. We also
identified 18 hub genes by GO and PPI analysis. Cell cycle
activation could be a molecular characteristic that provides
new insights into the mechanism of TAAD. Further studies
are needed to explore possible diagnostic biomarkers for TAAD.
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