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Bioinformatics analysis of
aging-related genes in thoracic
aortic aneurysm and dissection
Hong Wan, Danlingyi Liu, Bingqing Liu, Mengyao Sha, Wei Xia*

and Chang Liu*

School of Medical Technology, Beihua University, Jilin, China

Objective: Thoracic aortic aneurysm and dissection (TAAD) is a cardiovascular
disease with a high mortality rate. Aging is an important risk factor for TAAD.
This study explored the relationship between aging and TAAD and investigated
the underlying mechanisms, which may contribute to the diagnosis and
treatment of TAAD.
Methods: Human aging genes were obtained from the Aging Atlas official website.
Various datasets were downloaded from the GEO database:the human TAAD
dataset GSE52093 were used for screening differentially expressed genes
(DEGs); GSE137869, GSE102397 and GSE153434 were used as validation sets,
and GSE9106 was used for diagnostic prediction of receiver operating
characteristic (ROC) curves. Gene Ontology (GO), Kyoto Encyclopedia of Genes
and Genomes (KEGG), Gene Set Enrichment Analysis (GSEA), and protein–
protein interaction (PPI) network analysis were used to screen differentially
co-expressed genes from human aging genes and TAAD. Using five methods of
the cytoHubba plugin in Cytoscape software (Degree, Closeness, EPC, MNC,
Radiality), hub genes were identified from the differentially co-expressed genes.
Single-cell RNA sequencing was used to verify the expression levels of
hubgenes in different cell types of aortic tissue. ROC curves were used to
further screen for diagnostic genes.
Results: A total of 70 differentially co-expressed genes were screened from
human aging genes and DEGs in human TAAD dataset GSE52093. GO
enrichment analysis revealed that the DEGs played a major role in regulating
DNA metabolism and damaged DNA binding. KEGG enrichment analysis
revealed enrichment in the longevity regulating pathway, cellular senescence,
and HIF-1 signaling pathway. GSEA indicated that the DEGs were concentrated
in the cell cycle and aging-related p53 signaling pathway. The five identified
hubgenes were MYC, IL6, HIF1A, ESR1, and PTGS2. Single-cell sequencing of the
aging rat aorta showed that hubgenes were expressed differently in different
types of cells in aortic tissue. Among these five hubgenes, HIF1A and PTGS2
were validated in the aging dataset GSE102397; MYC, HIF1A and ESR1 were
validated in the TAAD dataset GSE153434. The combined area under the
diagnostic ROC curve (AUC) values for the five hub genes were >0.7 in the
testing and training sets of the dataset GSE9106. The combined AUC values of
MYC and ESR1 were equal to the combin ed AUC values of the five hub genes.
Conclusion: The HIF-1 signaling pathway may play an important role in TAAD and
aging. MYC and ESR1 may have diagnostic value for aging-related TAAD.
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1. Introduction

Thoracic aortic aneurysms and dissection (TAAD) is a serious

cardiovascular disease (CVD) with early presentation of symptoms,

rapid onset and development, and a high incidence rate and

mortality rate (1). Understanding the pathogenesis of TAAD is

crucial for the diagnosis and treatment of TAAD. TAAD

predominantly occurs in people older than 60 years, thus aging

is a major risk factors for TAAD (2, 3). A growing body of

research shows that aging plays a vital role in TAAD (4, 5).

Aging is a biological phenomenon in which the structure and

function of an organism decline over time. Senescence has recently

been discovered to be instrumental in aging and has been

implicated as a major cause of age-related disease. In mammals,

aging is associated with the accumulation of senescent cells.

During the aging process, cells experience mitochondrial damage,

DNA damage, cellular stress [reactive oxygen species (ROS)]

upregulation of p53/p21 and p16 signaling (6–8), and various

other mechanisms that contribute to the development and

progression of CVD (9). In addition, vascular aging is associated

with senescence, telomere shortening, and epigenetic changes in

vascular endothelial (EC) and smooth muscle cell (SMC), which

affect cell function and morphology. Aging and telomere

shortening are also characteristic of aneurysmal tissue (10). The

presence of numerous aging SMCs leads to excessive excessive

inflammation and deformation of the aorta, promoting TAAD

formation (4). Tyrrell et al. (11) reported that differentially

expressed proteins in aged versus young aortic tissue were also

differentially expressed in the aortic tissue of patients with TAA

compared with healthy controls, proteomics revealed that aging

transformed the aorta quantitatively and qualitatively from a

healthy status to TAA. The relationship between aging and TAAD

and its mechanism of action require further study. Exploring

aging-related genes in TAAD will provide potential therapeutic

targets and biomarkers for TAAD treatment.

In this study, the differential expression of aging-related genes in

TAAD were assessed using the Gene Expression Omnibus (GEO)

database. Differentially expressed genes (DEGs) underwent

enrichment analysis with Gene Ontology (GO), Kyoto

Encyclopedia of Genes and Genomes (KEGG), and Gene Set

Enrichment Analysis (GSEA). Protein-protein interaction (PPI)
TABLE 1 Dataset information table.

Dataset Organism Experimental cohort
GSE52093 Homo sapiens Aorta dissected patients (n = 7)

GSE137869 Rattus norvegicus 27-month-old rats (n = 6)

GSE102397 Mus musculus 12-month-old mice (n = 6)

GSE153434 Homo sapiens Stanford type A aortic dissection patients (n = 10)

GSE71226 Homo sapiens Patients with coronary heart disease (n = 3)

GSE9128 Homo sapiens Ischemic cardiomyopathy (ICM) (n = 12); non-ischem
cardiomyopathy (NICM) (n = 12)

GSE12480 Mus musculus 25–28-month-old mice (n = 10)

GSE9106 Homo sapiens TAA patients (n = 59)
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and correlation analysis were then performed to explore the

mechanism of aging in TAAD. Based on the single-cell sequencing

results of the aged rat aorta, the expression level of hubgenes in

different aortic tissue cells was investigated. In addition, receiver

operating characteristic (ROC) curve expression levels of key

DEGs were validated to provide a basis for gene prediction.
2. Materials and methods

2.1. Genetic data sources

Various datasets were collected from the GEO database (https://

www.ncbi.nih.gov/geo/). GSE52093 includes ascending aorta gene

expression data in patients with acute Stanford type A aortic

dissection (n = 7) and healthy controls (n = 5); GSE153434 includes

ascending aorta gene expression data in patients with Stanford type

A aortic dissection (n = 10) and healthy controls (n = 10);

GSE102397 includes vascular mRNA expression data from 3 to

4-month-old mice (n = 7) and 12-month-old mice (n = 6); GSE71226

includes patients with coronary heart disease (n = 3) and healthy

people (n = 3); GSE9128 includes three patient groups:control

subjects (n = 12) were divided into C1, C2, and C3; ischemic

cardiomyopathy (ICM) patients (n = 12) were divided into ICM1, 2,

3, and 4; and nonischemic dilated cardiomyopathy (NIDCM)

patients (n = 12) were divided into NIDCM1, 2, 3, and 4; and

GSE12480 includes old mice (n = 10) and young mice (n = 10).

GSE137869 is the single-cell RNA sequencing data of nine different

rat tissue cells, and includes young (age 5 months) rats (n = 6, 3 male

and 3 female rates) and old (age 27 months) rats (n = 6, 2 male and

4 female rates); the single-cell RNA sequencing data of the rat aorta,

including the young group and the old group, were selected from

this dataset. GSE9106 is a genome-wide gene expression profile of

peripheral blood samples (collected from 59 patients with confirmed

TAA and 34 healthy controls), including a training set (36 patients

with TAA and 25 healthy controls) and a test set (23 patients with

TAA and 9 healthy controls). Three of the datasets were missing

grouping information and were removed from the subsequent

analysis. Information on the mentioned datasets were shown in

Table 1. Human aging genes were compiled from the official website

of the Aging Atlas (12) (https://ngdc.cncb.ac.cn/aging/index).
Control cohort Use(s) in this study
Healthy controls (n = 5) Screening of DEGs, PCA analysis, Functional

enrichment analysis, PPI analysis

5-month-old rats (n = 6) Single-cell RNA sequencing

3–4-month-old mice (n = 7) Gene expression verification in aging

Healthy controls (n = 10) Gene expression verification in TAAD

Healthy people (n = 3) Gene expression verification in coronary heart
disease

ic Controls (n = 12) Gene expression verification in heart failure

4–6-month-old mice (n = 10) Gene expression verification in aging cardiac
tissue

Healthy controls (n = 34) ROC curve analysis
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2.2. Screening of DEGs

GSE52093 was screened for DEGs using the data analysis tool

GEO2R (https://www.ncbi.nlm.nih.gov/geo/geo2r/) in the GEO

database. According to P < 0.05, |log2FC| > 1, DEGs were

screened, and 1,558 genes were obtained, including 794 up-

regulated genes and 764 down-regulated genes. A total of 500

human aging-related genes were downloaded from the Aging

Atlas (https://ngdc.cncb.ac.cn/aging/index). Finally, 70 DEGs

related to aging were obtained from the intersection.
2.3. Differential expression analysis of
aging-related genes

The gene expression differences between patients with acute

Stanford type A aortic dissection and healthy controls in the

GSE52093 dataset were analyzed with principal component analysis

(PCA) in R software, and the results were visualized as a volcano

plot, heatmap, and boxplots drawn with the “ggplot2” package.
2.4. Functional enrichment analysis of
aging-related DEGs

GO and KEGG enrichment analysis of DEGs was performed

using the “clusterProfiler” package in R software (13). GO

analysis consisted of biological process (BP), cellular component

(CC), and molecular function (MF). The up and downregulated

genes of GSE52093 were subjected to GSEA and the results were

visualized using the “ggplot2” package.
2.5. PPI and correlation analysis of
aging-related DEGs

PPI analysis of aging-related DEGs was performed using the

String (https://string-db.org/cgi/) database and Cytoscape

software (version 3.8.2). Correlation analysis of aging-related

DEGs was performed using Spearman correlation in the

“ggplot2” package.
2.6. Hubgenes and their interactions

Five ranking methods of the cytoHubba plugin (Degree,

Closeness, EPC, MNC, Radiality) in Cytoscape software were

used to rank DEGs, then the top 10 DEGs were screened for

overlapping genes and the top five overlapping genes were

considered as hubgenes. NetworkAnalyst3.0 (https://www.

networkanalyst.ca/) is a comprehensive network visualization

analysis platform for gene expression analysis (14). This

platform was used to analyze interactions between hubgenes.

Hub gene–disease association information was shown using the

DisGeNet database (version 7.0) (https://www.disgenet.org),

which is only applicable to human data. Hub gene–drug
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interactions were shown using the DrugBank database (version

5.0) (http://go.drugbank.com), which is also only applicable to

human data.
2.7. Distribution and expression of
hubgenes in the aorta of aging rats verified
by single-cell RNA sequencing

Using the GSE137869 single-cell sequencing dataset, four aortic

samples—F-O (n = 4), F-Y (n = 3), M-O (n = 2), and M-Y (n = 3)

(female old mice, female young mice, male old mice, and male

young mice respectively)—were selected for single-cell

sequencing analysis. Data processing and methods for clustering

and identification of cell types are detailed in the original

literature (15).
2.8. Validation of hubgenes in aging and
TAAD

Gene expression was verified in the aging-related datasets

GSE102397 and the TAAD-related dataset GSE153434. In

addition, gene expression was verified in the coronary heart

disease-related dataset GSE71226, the heart failure-related dataset

GSE9128, and the aging cardiac tissue dataset GSE12480. Gene

expression maps were drawn with the “ggplot2” package.
2.9. Diagnostic prediction of hubgenes

Using the dataset GSE9106 (testing set and training set), the

ROC curve analysis and result visualization of the hubgenes were

performed with the “pROC” package and “ggplot2”, respectively.
2.10. Statistical analysis

Differences between normally distributed variables were

assessed using the t-test and differences between non-normally

distributed variables were assessed using the Wilcoxon rank

sum test. For all statistical tests, P < 0.05 was statistically

significant.
3. Results

3.1. Differential expression analysis of
aging-related genes in TAAD

The GSE52093 dataset is a genome-wide analysis of gene

expression in the ascending aorta of patients with acute

Stanford type A aortic dissection (n = 7) and normal controls

(n = 5). To assess the reproducibility of the data within groups,

PCA was performed. The data in GSE52093 was confirmed to

have good reproducibility; PC1 of the GSE52093 dataset reflects
frontiersin.org
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FIGURE 1

Differential expression of aging-related genes in TAAD. (A) Principal component analysis of GSE52093. (B) Volcano plot of differentially expressed genes
(DEGs) in GSE52093. Red dots represent significantly upregulated genes and blue dots represent significantly downregulated genes. (C) Venn diagram of
DEGs between human aging-related genes and TAAD. (D) Heatmap of 70 aging-related DEGs in TAAD.

Wan et al. 10.3389/fcvm.2023.1089312
19.9% and PC2 reflects 11.7% of the variation in data

characteristics (Figure 1A). Next, GEO2R was used to analyze

the GSE52093 dataset according to P < 0.05, |log2FC| > 1, which

identified 1,558 genes, including 794 upregulated genes and 764
Frontiers in Cardiovascular Medicine 04
downregulated genes. A volcano map was drawn using the

“ggplot2” package in R software (Figure 1B). A total of 500

human aging-related genes were downloaded from the Aging

Atlas and took the intersection with TAAD-related genes was
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FIGURE 2

Gene ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG) enrichment analysis of 70 aging-related differentially expressed genes
(DEGs). (A) Bubble plot of the GO enrichment analysis of aging-related DEGs. (B) Histogram of the KEGG pathway enrichment analysis of aging-
related DEGs. (C) Bubble plot of the GO enrichment analysis of aging-related DEGs combined with logFC. (D) KEGG circle plot of aging-related DEGs
combined with logFC. (E) KEGG chord diagram of aging-related DEGs combined with logFC.
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taken to obtain 70 aging-related DEGs, including 45 upregulated

genes and 25 downregulated genes. A Venn diagram was

produced using the “ggplot2” package (Figure 1C). A heatmap

of the 70 aging-related DEGs in TAAD was generated using the

“ggplot2” package (Figure 1D). In addition, boxplots were

produced showing the expression of the 70 aging-related up-

and downregulated DEGs in TAAD (Supplementary Figure S1).

The potential biological functions of the aging-related DEGs

were analyzed by performing GO, KEGG, and GSEA

enrichment analysis using R software. GO analysis showed that

BPs of the aging-related DEGs were mainly focused on the
Frontiers in Cardiovascular Medicine 05
response of cells to abiotic and environmental stimuli, as well

as regulation of DNA metabolic processes; CCs involved the

chromosomes, nuclear chromosomes, telomeric regions,

transferase complexes, and transfer phosphorus-containing

groups; and MF was focused on impaired DNA binding and

hormone receptor binding (Figures 2A,C; Supplementary

Table S1). KEGG pathway analysis showed that the aging-

related DEGs were mainly enriched in the longevity regulating

pathway, cellular senescence, tumor necrosis factor (TNF)

signaling pathway, and hypoxia inducible factor-1 (HIF-1)

signaling pathway (Figures 2B,D,E; Supplementary Table S2).
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GSEA of the upregulated genes in the GSE52093 dataset revealed

that the aging-related genes, such as those involved in the p53

signaling pathway, were significantly enriched, while the

enrichment of down-regulated genes was not significant

(Supplementary Figure S2; Supplementary Table S3).
3.2. Correlation analysis and PPI network of
aging-related DEGs

PPI network analysis indicated an interaction of senescence-

related genes (Figure 3A); the number of interactions for each

gene is shown in Figure 3B. Correlation analysis showed

relationships between 45 upregulated and 25 downregulated aging-

related DEGs (Figures 3C,D). Overlapping genes were screened

with five sequencing methods of the cytoHubba plugin in

Cytoscape software; the top five overlapping genes—MYC, IL6,

HIF1A, ESR1, and PTGS2—were taken as hub genes (Table 2).
3.3. Hubgenes and their interactions

Hub gene–disease association information and hub gene–drug

interactions were constructed using the GSE52093 dataset. Gene–

disease association information were as follows (Figure 4A):

HIF1A is associated with heart failure and cardiac hypertrophy;

IL6 is associated with heart failure and cardiomyopathy; PTGS2

is associated with aortic aneurysms, heart failure, cardiac

arrhythmias, cardiomyopathy, and CVD. Gene–drug interactions

were as follows: PTGS2 may have interactions with 59 drugs,

including aminosalicylic acid, acetaminophen, nabumetone,

ketorolac, and tenoxicam (Figure 4B); HIF1A may have

interactions with carvedilol, 2-methoxyestradiol, and N-[(1-chloro-

4-hydroxyisoquinolin-3-YL) carbonyl] glycine (Figure 4C). This

may provide new targets for the drug treatment of TAAD.
3.4. Verification of hubgene distribution
and expression in the aging rat aorta by
single-cell RNA sequencing

Using the single-cell sequencing dataset GSE137869, four aortic

samples (F-O, F-Y, M-O, and M-Y) were selected for single-cell

sequencing analysis. The cells in the aortic tissue were clustered

in descending order, which yielded 18 cell clusters (Figure 5A).

t-SNE descending (Figure 5B) and violin plots (Supplementary

Figure S3) were generated based on the expression of known

cellular markers in different morphological cells. The cell clusters

were divided into seven cell groups (Figure 5C): SMC (Tagln,

MYH11), fibroblasts (Fib) (Dcn, Lum), EC (Pecam1), B cells

(BC) (CD19, CD79b), T cells (TC) (CD3e, CD3g, CD3d), M1-

type macrophages (CD68, CD14, CD163), and M2-type

macrophages (CD68, CD14, CD163). The distribution and

expression of the hub genes were compared in the aorta of

young and old rats (Figure 5D; Supplementary Tables S4, S5),

and this showed that MYC expression was upregulated in SMC,
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Fib, EC, and TC (P < 0.001) and downregulated in M2-type

macrophages (P < 0.01) in the aorta of aging rats; IL6 expression

was upregulated in SMC, Fib (P < 0.001), and EC (P < 0.01) and

downregulated in M1-type macrophages (P < 0.05); HIF1A

expression was upregulated in M1-type macrophages (P < 0.05)

and TC (P < 0.001), and downregulated in Fib (P < 0.001)

and BC (P < 0.01); PTGS2 expression was up-regulated in

Fib (P < 0.001) and downregulated in SMC, BC, M2 macrophages

(P < 0.001), EC, TC (P < 0.01), and M1-type macrophages

(P < 0.05); ESR1 expression was downregulated in Fib (P < 0.001).
3.5. Validation of hubgene expression in
aging

Expression levels of the top five hubgenes screened by Cytoscape

software were verified in the aging-related datasets GSE102397 and

the results were visualized using “ggplot2”. HIF1A and PTGS2

expression was upregulated (P < 0.05) in GSE102397 (Figure 6A).
3.6. Validation of hubgene expression in
TAAD

To verify the expression level of the hubgenes in TAAD-related

datasets, the validation results were visualized using “ggplot2”. In

GSE153434 (Figure 6B), the expression of MYC (P < 0.01) and

HIF1A (P < 0.001) was upregulated, and ESR1 (P < 0.001) was

downregulated in the case group. The expression levels of hub

genes were also examined in the coronary heart disease-related

dataset GSE71226, the heart failure-related dataset GSE9128, and

the aging cardiac tissue-related dataset GSE12480, and the results

are shown in Supplementary Figure S4.
3.7. Diagnostic prediction of the hubgenes

Hub gene expression data in theGSE9106 dataset (testing set and

training set) were selected and the “pROC” and “ggplot2” packages

were used to draw a diagnostic ROC curve (Figures 6C,D). The

area under the diagnostic ROC curve (AUC) showed that in the

testing set the combined AUC of these five hubgenes was 0.812,

while in the training set the combined AUC value was 0.731. This

suggested that the combination of these five genes has a strong

diagnostic power in the diagnosis of TAAD. A combined ROC

with MYC and ESR1 that had individual AUC > 0.7 was then

performed and the results were equal to the AUC value of the

combined ROC of all five hub genes (Figure 6E). Thus, these two

genes may play a more important role in the diagnosis of TAAD.
4. Discussion

Aging is a major risk factor for TAAD (2, 3), and therefore

exploring the relationship between aging and TAAD and

investigate the mechanisms involved in the process are crucial for
frontiersin.org

https://doi.org/10.3389/fcvm.2023.1089312
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


FIGURE 3

Correlation and protein–protein interaction (PPI) network analysis of aging-related differentially expressed genes (DEGs). (A) PPI network map of 70
aging-related DEGs in TAAD. (B) The interaction number of each aging-related DEGs. (C) Spearman correlation analysis of the 45 upregulated aging-
related DEGs in TAAD. (D) Spearman correlation analysis of the 25 downregulated aging-related DEGs in TAAD.

Wan et al. 10.3389/fcvm.2023.1089312

Frontiers in Cardiovascular Medicine 07 frontiersin.org

https://doi.org/10.3389/fcvm.2023.1089312
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


FIGURE 4

Hub genes and their interactions. (A) Hub genes–disease association informa

TABLE 2 Differentially expressed aging-related genes screened by five
methods of cytoHubba in the Cytoscape software package.

Degree Closeness EPC MNC Radiality
MYC MYC MYC MYC MYC

IL6 IL6 ESR1 IL6 IL6

ESR1 ESR1 HIF1A ESR1 ESR1

HIF1A HIF1A IL6 HIF1A HIF1A

PTGS2 PTGS2 PTGS2 PTGS2 PTGS2

CXCL8 CXCL8 CDKN1A CXCL8 CDKN1A

BRCA1 CDKN1A CXCL8 BRCA1 CXCL8

CDKN1A BRCA1 IGF1R CDKN1A IGF1R

IGF1R IGF1R BRCA1 IGF1R MAPK14

CREB1 CREB1 MAPK14 CCNA2 CREB1

Wan et al. 10.3389/fcvm.2023.1089312
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improving the diagnosis and treatment of TAAD. In this study,

aging-related DEGs were identified and the HIF-1 signaling

pathway was predicted to be a potential pathway that may be

instrumental in aging-related TAAD. The study also revealed that

the aging-related genes MYC, IL6, HIF1A, ESR1 and PTGS2 could

be potential as a biomarker of aging-related TAAD.

The biological functions of aging-related DEGs in TAAD were

explored through GO, KEGG, and GSEA, which revealed that

these genes were predominantly enriched in pathways such as the

HIF-1 signaling pathway, the p53 signaling pathway, and the TNF

signaling pathway. HIF is a transcription factor that can respond to

changes in effective oxygen in the cellular environment, especially

to a reduction in oxygen or hypoxia. Previous research showed that
tion. (B,C) Hub genes–drug interactions.
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FIGURE 5

Single-cell RNA sequencing results. (A) Reduced dimensional plot of aortic tissue cell clustering t-SNE. (B) Reduced-dimensional plot of t-SNE for relative
expression of cellular marker genes in different cell types. (C) Downscaled plots of t-SNE for aortic tissue cell subgroups. (D) Violin plots of hub genes
expression in different cell types of aortic tissues.
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FIGURE 6

Validation of hubgene expression levels in aging and TAAD. (A) Grouped comparison plots of hub genes expression validation in the aging-related dataset
GSE102397. (B) Grouped comparison plots of hub genes expression validation in the TAAD-related dataset GSE153434. (C) Diagnostic receiver operating
characteristic (ROC) curves showing the independent and combined metrics for hub genes in the testing set. (D) Diagnostic ROC curves showing the
independent and combined metrics in the training set. (E) Diagnostic ROC curves showing the independent and combined metrics for hub genes
with AUC >0.7 in the testing set.
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HIF-1 signaling pathway is involved in the formation of arterial

dissection (16) that HIF-1 signaling plays a key role in atheroma

and atherosclerosis (17). Increased expression of HIF-1α has been

found in human and experimental aneurysms, along with

histological evidence of mural leukocyte infiltration and reduced

angiogenesis (18). HIF1A participates in the HIF-1 signaling

pathway and the p53 signaling pathway and induces p53 up

regulation through HIF-1a under hypoxia (19). p53 induces

cellular senescence and plays a pathological role in aging and age-

related diseases such as heart failure (HF) and atherosclerosis

(20, 21). In addition, the binding of TNF, also known as TNF-α, to

the receptors activates the NF-kB and MAPK signaling pathways,

which leads to the production of inflammatory cytokines and the

secretion of matrix metalloproteinases (MMPs) and other

extracellular matrix (ECM) degradation proteins, and accelerates

TAAD formation and progression (22, 23). These reports help

strengthen the inference that aging may aggravate TAAD by

regulating the HIF-1 signaling pathway, etc.

MYC, IL6,HIF1A, ESR1 and PTGS2were identified as hub genes

through PPI analysis. HIF1A and PTGS2 were validated in the aging

dataset GSE102397 andMYC,HIF1A and ESR1were validated in the

TAAD dataset GSE153434.MYC activation has been shown to leads

to DNA damage, induction of p53, and massive apoptosis, with p53

activation mediating cellular senescence (24). In addition, MYC

signaling participated in vascular smooth muscle cell (VSMC)

dysfunction, vasoconstriction, and vascular remodeling in aortic

dissection, and was increased in TAAD (25). In this study, single-

cell sequencing of the aging rat aorta showed that MYC was

expressed in the SMC, Fib, EC, etc. In the TAAD validation dataset

GSE153434, MYC expression was significantly increased in TAAD.

Therefore, we hypothesize that the increased expression of MYC

not only induces cell senescence, but also contributes to molecular

mechanisms of VSMC vasoconstriction and remodeling, thereby

promoting TAAD.

It was previously reported that aging leads to elevated levels of

the inflammatory cytokine IL6 in the aorta (26), which consistent

with our aging rat aortic single cell sequencing results that IL6

expression was up-regulated in SMC, Fib and EC. In addition,

our results indicate that the expression of IL6 is increased in

TAAD. A previous study demonstrated that IL6 could regulate

autophagy by enhancing 4B cysteine peptidase (ATG4B),

decreasing the expression of the VSMC contractile proteins α-

SMA and SM22α, and promoting TAAD (27). We suggest that

aging leads to elevated IL6 expression level in aortic SMCs,

which promotes TAAD by inducing the degradation of the VSMC.

HIF1A is the alpha subunit of HIF-1, which is involved in energy

metabolism, angiogenesis, and apoptosis through the activation of

gene transcription. Studies in elderly rhesus monkeys have shown a

positive association between HIF1A and aging (28), which is

comparable to gene expression data in our study. Single-cell

sequencing of the aging rat aorta showed that HIF1A expression

was upregulated in M1-type macrophages and TC, and

downregulated in Fib and BC, which revealed elevated expression

of HIF1A in inflammatory cells in the aging aorta. Previous studies

showed that HIF1A expression was positively correlated with the

inflammatory degree of the disease (18, 29). HIF-1α activation also
Frontiers in Cardiovascular Medicine 11
promotes the progression of aortic dissection through vascular

inflammation, extracellular matrix degradation, and rupture of the

elastic fibers (30). In the validation TAAD dataset GSE153434,

HIF1A expression was significantly upregulated in patients with

TAAD compared with the control group. In addition, the

diagnostic ROC curve analysis results of HIF1A in the training set

was 0.704, which had diagnostic significance. Thus, we hypothesize

that aging may induce HIF1A overexpression in inflammatory cells

and activate the HIF-1 pathway, thereby regulating the

inflammatory response to promote TAAD.

In our study, single-cell sequencing of the aging rat aorta showed

that PTGS2 expression was predominantly upregulated in Fib and

downregulated in SMC, etc., and PTGS2 expression was upregulated

in aging aortas compared with the young aortas. Previous studies

have shown that PTGS2 is one of the risk factors of CVD (31).

PTGS2 was downregulated in the late stage of atherosclerosis, and

the expression of PTGS2 was positively correlated with the severity

of atherosclerosis (32). Unlike other hub genes, single-cell

sequencing of ESR1 in the aging rat aorta showed that ESR1

expression was down-regulated in all cell types. ESR1 is estrogen

receptor 1, also known as ERα, and is expressed in human and

animal vascular ECs, VSMCs, and cardiomyocytes (33). In

atherosclerosis, ERα inhibits VSMC differentiation and lipid

aggregation and enhances antioxidant activity (34). Upregulation of

ERα was also observed to inhibit high glucose-induced VSMC

proliferation by inhibiting ROS-mediated ERK activation (35). The

diagnostic ROC curve analysis results of ESR1 in the testing set in

this study was 0.754, which had diagnostic significance. Therefore,

we suggest that aging leads to downregulation of ESR1 expression in

cells such as SMC and EC, which fails to inhibit cellular dysfunction,

VSMC proliferation and differentiation, and antioxidant capacity,

thereby promoting TAAD.

To explore whether the hub genes had specific diagnostic ability

for age-related TAAD, the expression levels of the hub genes were

also validated in other datasets related to age-related CVDs such as

coronary heart disease, heart failure and aging cardiac tissue. There

was no significant difference in the expression of the hub genes in

coronary heart disease, but MYC and PTGS2 expression was

significantly increased in cardiac tissue and non-ischemic heart

failure. This suggests that MYC and PTGS2 may have some

significance in non-ischemic heart failure. However, unlike heart

failure,MYC,ESR1andHIF-1pathwayhavemainfunctions inTAAD.

There were some limitations to the this study. The results were

only obtained by bioinformatic analysis and were not confirmed by

molecular experiments. Aortas from aging and young patients with

TAAD are difficult to obtain, and aging animal models of TAAD

are also challenging to perform, however, this is an important

direction for our future work.
5. Conclusion

This study reports that the HIF-1 signaling pathway may play a

significant role in TAAD and aging, and may serve as a key

pathway for an in-depth study of the disease mechanisms. MYC

and ESR1 have certain diagnostic value for age-related TAAD
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and have potential as aging-related TAAD biomarkers. Extensive in

vivo and ex vivo clinical studies as well as experimental validation

are required in the future to confirm the expression and

mechanism of action of these genes in TAAD.
Data availability statement

The datasets presented in this study can be found in online

repositories. The names of the repository can be found in the

article.
Author contributions

HW: contributed to data curation, bioinformatics analysis,

visualization, writing original draft and modifications. DL:

contributed to bioinformatics analysis, validation, and

visualization. BL and MS: collected data, participated in

bioinformatics analysis. WX: contributed to supervision. CL:

contributed to experimental design and review. All authors

contributed to the article and approved the submitted version.
Funding

This work was supported by The National

Natural Science Foundation of China [no.81900425] and Young
Frontiers in Cardiovascular Medicine 12
Talents Training Project of Jilin Health Commission [no.

2019Q021].
Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial

relationships that could be construed as a potential conflict

of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the

editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the

publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.

1089312/full#supplementary-material.
References
1. Gudbjartsson T, Ahlsson A, Geirsson A, Gunn J, Hjortdal V, Jeppsson A, et al.
Acute type A aortic dissection: a review. Scand Cardiovasc J. (2020) 54(1):1–13.
doi: 10.1080/14017431.2019.1660401

2. Owens WA, Walaszczyk A, Spyridopoulos I, Dookun E, Richardson GD.
Senescence and senolytics in cardiovascular disease: Promise and potential pitfalls. .
Mech Ageing Dev. (2021) 198:111540. doi: 10.1016/j.mad.2021.111540

3. Humphrey JD, Milewicz DM. Aging, smooth muscle vitality, and aortic integrity.
Circ Res. (2017) 120(12):1849–51. doi: 10.1161/CIRCRESAHA.117.311075

4. Zhang WM, Liu Y, Li TT, Piao CM, Liu O, Liu JL, et al. Sustained activation of
ADP/P2ry12 signaling induces SMC senescence contributing to thoracic aortic
aneurysm/dissection. J Mol Cell Cardiol. (2016) 99:76–86. doi: 10.1016/j.yjmcc.2016.
08.008

5. Craiem D, El Batti S, Casciaro ME, Mousseaux E, Sirieix ME, Simon A,
et al. Age-related changes of thoracic aorta geometry used to predict the risk
for acute type B dissection. Int J Cardiol. (2017) 228:654–60. doi: 10.1016/j.
ijcard.2016.11.125

6. McHugh D, Gil J. Senescence and aging: causes, consequences, and therapeutic
avenues. J Cell Biol. (2018) 217(1):65–77. doi: 10.1083/jcb.201708092

7. López-Otín C, Blasco MA, Partridge L, Serrano M, Kroemer G. The hallmarks of
aging. Cell. (2013) 153(6):1194–217. doi: 10.1016/j.cell.2013.05.039

8. Sun N, Youle RJ, Finkel T. The mitochondrial basis of aging. Mol Cell. (2016) 61
(5):654–66. doi: 10.1016/j.molcel.2016.01.028

9. Katsuumi G, Shimizu I, Yoshida Y, Minamino T. Vascular senescence in
cardiovascular and metabolic diseases. Front Cardiovasc Med. (2018) 5:18. doi: 10.
3389/fcvm.2018.00018

10. Petsophonsakul P, Furmanik M, Forsythe R, Dweck M, Schurink GW, Natour E,
et al. Role of vascular smooth muscle cell phenotypic switching and calcification in
aortic aneurysm formation. Arterioscler Thromb Vasc Biol. (2019) 39(7):1351–68.
doi: 10.1161/ATVBAHA.119.312787

11. Tyrrell DJ, Chen J, Li BY, Wood SC, Rosebury-Smith W, Remmer HA, et al.
Aging alters the aortic proteome in health and thoracic aortic aneurysm.
Arterioscler Thromb Vasc Biol. (2022) 42(8):1060–76. doi: 10.1161/ATVBAHA.122.
317643

12. Aging Atlas Consortium. Aging atlas: a multi-omics database for aging biology.
Nucleic Acids Res. (2021) 49(D1):D825–30. doi: 10.1093/nar/gkaa894

13. Yu G, Wang LG, Han Y, He QY. Clusterprofiler: an R package for comparing
biological themes among gene clusters. OMICS. (2012) 16(5):284–7. doi: 10.1089/
omi.2011.0118

14. Zhou G, Soufan O, Ewald J, Hancock REW, Basu N, Xia J. Networkanalyst 3.0: a
visual analytics platform for comprehensive gene expression profiling and meta-
analysis. Nucleic Acids Res. (2019) 47(W1):W234–41. doi: 10.1093/nar/gkz240

15. Ma S, Sun S, Geng L, Song M, Wang W, Ye Y, et al. Caloric restriction
reprograms the single-cell transcriptional landscape of Rattus norvegicus aging. Cell.
(2020) 180(5):984–1001.e22. doi: 10.1016/j.cell.2020.02.008

16. Liu W, Zhang W, Wang T, Wu J, Zhong X, Gao K, et al. Obstructive sleep apnea
syndrome promotes the progression of aortic dissection via a ROS-HIF-1α-MMPs
associated pathway. Int J Biol Sci. (2019) 15(13):2774–82. doi: 10.7150/ijbs.34888

17. Zhang L, Li M, Wang Z, Sun P, Wei S, Zhang C, et al. Cardiovascular risk after
SARS-CoV-2 infection is mediated by IL18/IL18R1/HIF-1 signaling pathway axis.
Front Immunol. (2021) 12:780804. doi: 10.3389/fimmu.2021.780804

18. Wang W, Xu B, Xuan H, Ge Y, Wang Y, Wang L, et al. Hypoxia-inducible factor
1 in clinical and experimental aortic aneurysm disease. J Vasc Surg. (2018) 68
(5):1538–50.e2. doi: 10.1016/j.jvs.2017.09.030

19. Liu L, Zhang P, Bai M, He L, Zhang L, Liu T, et al. P53 upregulated by HIF-1α
promotes hypoxia-induced G2/M arrest and renal fibrosis in vitro and in vivo. J Mol
Cell Biol. (2019) 11(5):371–82. doi: 10.1093/jmcb/mjy042

20. Yoshida Y, Shimizu I, Katsuumi G, Jiao S, Suda M, Hayashi Y, et al. p53-induced
inflammation exacerbates cardiac dysfunction during pressure overload. J Mol Cell
Cardiol. (2015) 85:183–98. doi: 10.1016/j.yjmcc.2015.06.001

21. Yokoyama M, Okada S, Nakagomi A, Moriya J, Shimizu I, Nojima A, et al.
Inhibition of endothelial p53 improves metabolic abnormalities related to dietary
obesity. Cell Rep. (2014) 7(5):1691–703. doi: 10.1016/j.celrep.2014.04.046
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcvm.2023.1089312/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1089312/full#supplementary-material
https://doi.org/10.1080/14017431.2019.1660401
https://doi.org/10.1016/j.mad.2021.111540
https://doi.org/10.1161/CIRCRESAHA.117.311075
https://doi.org/10.1016/j.yjmcc.2016.08.008
https://doi.org/10.1016/j.yjmcc.2016.08.008
https://doi.org/10.1016/j.ijcard.2016.11.125
https://doi.org/10.1016/j.ijcard.2016.11.125
https://doi.org/10.1083/jcb.201708092
https://doi.org/10.1016/j.cell.2013.05.039
https://doi.org/10.1016/j.molcel.2016.01.028
https://doi.org/10.3389/fcvm.2018.00018
https://doi.org/10.3389/fcvm.2018.00018
https://doi.org/10.1161/ATVBAHA.119.312787
https://doi.org/10.1161/ATVBAHA.122.317643
https://doi.org/10.1161/ATVBAHA.122.317643
https://doi.org/10.1093/nar/gkaa894
https://doi.org/10.1089/omi.2011.0118
https://doi.org/10.1089/omi.2011.0118
https://doi.org/10.1093/nar/gkz240
https://doi.org/10.1016/j.cell.2020.02.008
https://doi.org/10.7150/ijbs.34888
https://doi.org/10.3389/fimmu.2021.780804
https://doi.org/10.1016/j.jvs.2017.09.030
https://doi.org/10.1093/jmcb/mjy042
https://doi.org/10.1016/j.yjmcc.2015.06.001
https://doi.org/10.1016/j.celrep.2014.04.046
https://doi.org/10.3389/fcvm.2023.1089312
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Wan et al. 10.3389/fcvm.2023.1089312
22. Wang T, He X, Liu X, Liu Y, Zhang W, Huang Q, et al. Weighted gene co-
expression network analysis identifies FKBP11 as a key regulator in acute aortic
dissection through a NF-kB dependent pathway. Front Physiol. (2017) 8:1010.
doi: 10.3389/fphys.2017.01010

23. Qiu L, Yi S, Yu T, Hao Y. Sirt3 protects against thoracic aortic dissection
formation by reducing reactive oxygen species, vascular inflammation, and
apoptosis of smooth muscle cells. Front Cardiovasc Med. (2021) 8:675647. doi: 10.
3389/fcvm.2021.675647

24. Zhang F, Zakaria SM, Högqvist Tabor V, Singh M, Tronnersjö S, Goodwin J,
et al. MYC And RAS are unable to cooperate in overcoming cellular senescence
and apoptosis in normal human fibroblasts. Cell Cycle. (2018) 17(24):2697–715.
doi: 10.1080/15384101.2018.1553339

25. Lian R, Zhang G, Yan S, Sun L, Zhang G. Identification of molecular regulatory
features and markers for acute type A aortic dissection. Comput Math Methods Med.
(2021) 2021:6697848. doi: 10.1155/2021/6697848

26. Tyrrell DJ, Goldstein DR. Ageing and atherosclerosis: vascular intrinsic and
extrinsic factors and potential role of IL-6. Nat Rev Cardiol. (2021) 18(1):58–68.
doi: 10.1038/s41569-020-0431-7

27. An Z, Qiao F, Lu Q, Ma Y, Liu Y, Lu F, et al. Interleukin-6 downregulated
vascular smooth muscle cell contractile proteins via ATG4B-mediated autophagy in
thoracic aortic dissection. Heart Vessels. (2017) 32(12):1523–35. doi: 10.1007/
s00380-017-1054-8

28. Ebersole JL, Novak MJ, Orraca L, Martinez-Gonzalez J, Kirakodu S, Chen KC,
et al. Hypoxia-inducible transcription factors, HIF1A and HIF2A, increase in aging
mucosal tissues. Immunology. (2018) 154(3):452–64. doi: 10.1111/imm.12894
Frontiers in Cardiovascular Medicine 13
29. Hua X, Hu G, Hu Q, Chang Y, Hu Y, Gao L, et al. Single-cell RNA sequencing to
dissect the immunological network of autoimmune myocarditis. Circulation. (2020)
142(4):384–400. doi: 10.1161/CIRCULATIONAHA.119.043545

30. Lian G, Li X, Zhang L, Zhang Y, Sun L, Zhang X, et al. Macrophage
metabolic reprogramming aggravates aortic dissection through the HIF1α-
ADAM17 pathway (✰). EBioMedicine. (2019) 49:291–304. doi: 10.1016/j.ebiom.
2019.09.041

31. Barua JD, Omit SBS, Rana HK, Podder NK, Chowdhury UN, Rahman MH.
Bioinformatics and system biological approaches for the identification of genetic
risk factors in the progression of cardiovascular disease. Cardiovasc Ther. (2022)
2022:9034996. doi: 10.1155/2022/9034996

32. Zhou Y, Zhou H, Hua L, Hou C, Jia Q, Chen J, et al. Verification of ferroptosis
and pyroptosis and identification of PTGS2 as the hub gene in human coronary artery
atherosclerosis. Free Radic Biol Med. (2021) 171:55–68. doi: 10.1016/j.freeradbiomed.
2021.05.009

33. Ueda K, Adachi Y, Liu P, Fukuma N, Takimoto E. Regulatory actions of estrogen
receptor signaling in the cardiovascular system. Front Endocrinol. (2019) 10:909.
doi: 10.3389/fendo.2019.00909

34. Aryan L, Younessi D, Zargari M, Banerjee S, Agopian J, Rahman S, et al. The
role of estrogen receptors in cardiovascular disease. Int J Mol Sci. (2020) 21
(12):4314. doi: 10.3390/ijms21124314

35. Ortmann J, Veit M, Zingg S, Di Santo S, Traupe T, Yang Z, et al. Estrogen
receptor-α but not -β or GPER inhibits high glucose-induced human VSMC
proliferation: potential role of ROS and ERK. J Clin Endocrinol Metab. (2011) 96
(1):220–8. doi: 10.1210/jc.2010-0943
frontiersin.org

https://doi.org/10.3389/fphys.2017.01010
https://doi.org/10.3389/fcvm.2021.675647
https://doi.org/10.3389/fcvm.2021.675647
https://doi.org/10.1080/15384101.2018.1553339
https://doi.org/10.1155/2021/6697848
https://doi.org/10.1038/s41569-020-0431-7
https://doi.org/10.1007/s00380-017-1054-8
https://doi.org/10.1007/s00380-017-1054-8
https://doi.org/10.1111/imm.12894
https://doi.org/10.1161/CIRCULATIONAHA.119.043545
https://doi.org/10.1016/j.ebiom.2019.09.041
https://doi.org/10.1016/j.ebiom.2019.09.041
https://doi.org/10.1155/2022/9034996
https://doi.org/10.1016/j.freeradbiomed.2021.05.009
https://doi.org/10.1016/j.freeradbiomed.2021.05.009
https://doi.org/10.3389/fendo.2019.00909
https://doi.org/10.3390/ijms21124314
https://doi.org/10.1210/jc.2010-0943
https://doi.org/10.3389/fcvm.2023.1089312
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Bioinformatics analysis of aging-related genes in thoracic aortic aneurysm and dissection
	Introduction
	Materials and methods
	Genetic data sources
	Screening of DEGs
	Differential expression analysis of aging-related genes
	Functional enrichment analysis of aging-related DEGs
	PPI and correlation analysis of aging-related DEGs
	Hubgenes and their interactions
	Distribution and expression of hubgenes in the aorta of aging rats verified by single-cell RNA sequencing
	Validation of hubgenes in aging and TAAD
	Diagnostic prediction of hubgenes
	Statistical analysis

	Results
	Differential expression analysis of aging-related genes in TAAD
	Correlation analysis and PPI network of aging-related DEGs
	Hubgenes and their interactions
	Verification of hubgene distribution and expression in the aging rat aorta by single-cell RNA sequencing
	Validation of hubgene expression in aging
	Validation of hubgene expression in TAAD
	Diagnostic prediction of the hubgenes

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


