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myocardial infarction
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Introduction: Cellular senescence can cause heart failure. However, studies on
diagnostic markers related to cellular senescence in acute myocardial infarction
(AMI) have not been reported. Therefore, this study explores the mechanism of
key genes related to cellular senescence in acute myocardial infarction (AMI)
through a bioinformatics approach.
Methods: AMI related datasets were obtained from gene expression omnibus
(GEO) database, and 3,058 cellular senescence related genes (CSRGs) were
extracted from Molecular Signatures Database (MSigDB). First, differentially
expressed genes (DEGs) were screened by differential expression analysis,and
then Weighted gene co—expression network analysis (WGCNA) was
performed to obtained the key module. CSRGs, DEGs and genes in key
module were intersected to acquire intersected genes, and candidate genes
were also screened out by constructing a protein protein interaction (PPI)
network.Afterwards, candidate genes were then subjected to a machine
learning approach to identify key genes and enrichment analyses were
performed on individual genes Finally, immuno-infiltrative analysis, competing-
endogenous RNA (ceRNA) and drug-gene networks construction were
conducted. Besides, the expression of key genes were validated by
quantitative real-time polymerase chain reaction (qRT-PCR).
Results: Screening for two key genes (ATP6V0B and DYNLL1) from 914 DEGs,
and they were involved in functional pathways such as ‘mast cell activation’,
‘cytosolic ribosome’. Thereafter, we found infiltration of neutrophils, CD4 T
cells memory resting and T cells gamma delta was notably different between
AMI and control samples. Pearson correlation analysis suggested that the
neutrophils had highest positive correlation with ATP6V0B (Cor = 0.7), while
had highest negative correlation with DYNLL1 (Cor =−0.6). The ceRNA
network had one mRNA (DYNLL1), one miRNA (hsa-miR-330-5p) and four
circRNAs. Eventually, drug—ATP6V0B network had 74 nodes and 73 edges,
drug—DYNLL1 network had 119 nodes and 118 edges. qRT-PCR suggested
that the expression trend of DYNLL1 was consistent with the result of
bioinformatic analysis. Notably, DYNLL1 was significantly down-regulated in
the case group.
Conclusion: Identified and validated DYNLL1 as a key gene related to cellular
senescence in AMI, which is of great significance for the diagnosis and
molecular targeted therapy of AMI.
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1 Introduction

As we all know, the incidence, disability and mortality of

cardiovascular disease (CVD) have increased dramatically, and

acute myocardial infarction (AMI) plays a major role in CVD (1).

In the past, we generally believed that AMI mainly occurred in

middle-aged and elderly people, but with the development of

society and the change of lifestyle, the incidence of AMI gradually

showed a trend of younger and increasing year by year (2). AMI

is caused by partial or complete coronary artery occlusion and

results in cardiomyocytes ischemic injury, once cardiomyocytes are

damaged by ischemia, the heart will be further fibrosis and

remodeling, and eventually develop into heart failure (HF) or even

sudden cardiac death (SCD) (3). With the development of medical

technology, great progress have been made in the diagnosis and

treatment strategies of AMI. At present, reperfusion therapy is the

most effective therapeutic strategy, but many survivors still suffer

from HF. The effective therapeutic targets to prevent

cardiomyocytes remodeling are still limited, and further

exploration of the pathogenesis for AMI at molecular level is

needed (4). In recent years, although a lot of molecules and

signaling pathways have been identified as potential therapeutic

targets, new therapeutic strategies of promote cardiac repair after

AMI have yet to be realized. Therefore, it is still a long way to

explore the pathogenesis and to seek a more perfect molecular

treatment strategy for AMI.

Cellular senescence is an irreversible cell cycle arrest induced by

stress factors such as telomere dysfunction, DNA damage,

chemotherapeutic drug damage, radiation damage, and oxidative

damage, including replicative senescence and stress senescence

(5–7). Senescent cells irreversibly lose the ability to proliferate and

show flattened and enlarged in morphology (8). Senescent cells

have an important characteristic: senescence associated secretory

phenotype (SASP), which involves a series of inflammatory factors

and has paracrine and autocrine effects on cells and tissues (7).

Without specific markers, it is difficult to fully understand the

biological process of cellular senescence. Senescence itself is a

normal physiological process, however, it is associated with some

undesirable aspects. It has been suggested that cellular senescence,

accumulation of senescent cells, and production of SASP

components are associated with cardiac diseases, such as HF,

AMI, and cardiotoxicity associated with cancer chemotherapy (5).

In addition, studies have also shown that cellular senescence is

involved in cardiac regeneration, cardiac remodeling and HF after

MI (9). Different types of cellular senescence in the heart can

induce CVDs, such as atherosclerosis, MI, and cardiac fibrosis (6).

The occurrence and development of cellular senescence in the

heart is closely related to the pathophysiological process and

severity of cardiac diseases (6, 10). Unfortunately, the exact role of

senescent cells in cardiac disease is not clear. Some studies believe

that transient cellular senescence in the heart may play a positive

role, but long-term cellular senescence plays the opposite role (5,

9). Although numerous studies have explored the role of cellular

senescence in cardiac diseases, there are still many unanswered

questions. For example, in AMI, the potential benefits of targeted

treatment for cellular senescence still unclear. Therefore, it is of
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great significance to further explore the role of cellular senescence

in AMI.

In this study, the AMI dataset (GSE60993 and GSE66360) was

downloaded from the Gene Expression Omnibus (GEO, http://

www.ncbi.nlm.nih.gov/geo/) to explore potential key genes. Various

bioinformatics analyses, including differential expression analysis,

weighted gene co-expression network analysis (WGCNA), protein-

protein interaction (PPI), and machine learning, were employed to

identify key genes associated with AMI, immune cells, signaling

pathways, regulatory networks, and potential therapeutic drugs.

Overall, this study provide new insights into molecular targeted

therapy and potential molecular mechanisms for AMI.
2 Materials and methods

2.1 Sources of data

The Gene Expression Omnibus (GEO)(https://www.ncbi.nlm.nih.

gov/gds) database was used to obtain the training set GSE60993(17

acute myocardial infarction (AMI) samples and 7 control samples,

samples type: human blood (Supplementary Table S1) and the

validation set GSE66360(49 AMI samples and 50 control samples,

samples type: circulating endothelial cells (Supplementary Table S2).

Their detection platforms were ‘Illumina HumanWG-6 v3.0

expression beadchip’ and ‘[HG-U133_Plus_2] Affymetrix Human

Genome U133 Plus 2.0 Array’, respectively. Next, we extracted 3,058

cellular senescence related genes (CSRGs) via Molecular Signatures

Database (MSigDB) (https://www.gsea-msigdb.org/gsea/msigdb/index.

jsp) (with “cell aging AND Homo sapiens” as the keyword).
2.2 Differential expression analysis and
WGCNA

Differentially expressed genes (DEGs) were identified by setting

parameters of |log2FC| > 0.5 and P < 0.05 between AMI and normal

samples in the GSE60993 dataset using the limma package (version

3.52.4) (11). In GSE60993 dataset, the co-expression network was

constructed using the WGCNA package to identify gene modules

most correlated with the traits of sample grouping (control and

AMI). To ensure that the maximum mutual interaction between

genes conforms to scale-free distribution, the determination of the

soft threshold (β) for the data was conducted. Subsequently, based

on the optimal soft threshold, each gene module was identified by

setting the minimum number of genes to 100 according to the

standards of the dynamic tree cutting algorithm. Correlations

between genetic modules and traits were also examined, and the

module found to correlate most strongly with AMI was identified

as the principal module.
2.3 Functional enrichment and PPI analyses

The DEGs, CSRGs and genes within the key module were crossed

to obtain common genes, which were analysed for GO (adj.P < 0.05)
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and kyoto encyclopedia of genes and genomes (KEGG) (P < 0.05)

enrichment using the clusterProfiler package (version 4.4.4) (12).

Moreover, in order to explore whether there were reciprocal

relationships among intersected genes, we designed a PPI network

via STRING database (http://string-db.org), and the genes with

reciprocal relationships were screened out as candidate genes.
2.4 Screening for key genes by machine
learning methods

In order to further screen out key genes that could be used as

diagnostic markers for AMI, we applied machine learning algorithm

analyses. First, least absolute shrinkage and selection operator

(LASSO) logistic regression algorithm was converted to candidate

genes using the glmnet package (version 4.1–4) (13), and gene

coefficient and cross-validation error maps were gained. The

importance degrees of candidate genes were ranked by support vector

machine-recursive feature elimination (SVM-RFE) algorithmic, each

iteration combination gives the error and accuracy rates, we then

sifted out the genes with the lowest error rate point. Subsequently, key

genes were identified by intersecting genes obtained through LASSO

and SVM-RFE. To assess the discriminatory power of crucial genetic

markers in identifying AMI from control samples, we generated a

ROC curve using the pROC package (version 1.18.0) in the

GSE60993 training dataset (14). In addition, in the GSE66360

validation set, we validated the scoring results using the same method.

The ggplot2 package (version 3.3.6) (15) was employed to analyze

gene expression differences between AMI and control samples in

Tutorial Set GSE60993 and Verification Set GSE66360. Eventually,

single gene GO and KEGG enrichment analyses of key genes were

applied by clusterProfiler (version 4.4.4) and org.Hs.eg.db (version

3. 15.0) packages (12), setting |NES| > 1, NOM P < 0.05 and q < 0.25

(background gene sets: GO: c5.go.v2022.1.Hs.entrez.gmt, KEGG:

c2.cp.kegg.v2022.1.Hs.entrez.gmt).
2.5 Immuno-infiltrative analysis

Above all, the distribution ratio of 22 immune cells was

calculated for each sample in the GSE60993 training set was

calculated, and immune cells with non-zero distribution ratio were

extracted for correlation analysis. After that, principal component

analysis (PCA) was implemented on AMI and control samples for

immune cell infiltration. We compared cell infiltration differences

between AMI and control samples using t-test. The association of

key genes with immune cells was further investigated further with

the help of Pearson’s correlative degree analysis.

TABLE 1 The primer sequences of key genes.

Primer Sequence
ATP6V0B F GATTTGGGCTTCCGCTTTGAT

ATP6V0B R TGCCATGATGATGCCGTAGAT

DYNLL1 F AGAAGGACATTGCGGCTCAT

DYNLL1 R GCCACTTGGCCCAGGTAGAA

IC-GAPDH F CGAAGGTGGAGTCAACGGATTT

IC-GAPDH R ATGGGTGGAATCATATTGGAAC
2.6 Construction of the competing
endogenous RNA (ceRNA) and drug-gene
networks

In the GSE160717 (3 AMI samples and 3 control samples, the

testing platform was 074301 Arraystar Human CircRNA
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microarray V2) and GSE31568 (20 AMI samples and 64 control

samples, the testing platform was ebit Homo Sapiens miRBase

13.0) datasets, we respectively screened out differentially expressed

circRNAs (DE-circRNAs) and differentially expressed miRNAs

(DE-miRNAs) by limma package (version 3.52.4) (11) setting

P < 0.05 and |log2FC| > 0.5. Subsequently, the upstream miRNAs

of key genes were predicted via miRNA target prediction and

functional annotations database (miRDB) (https://mirdb.org/mirdb/

index.html), and intersection with DE-miRNAs yielded the

intersected miRNAs. CircRNAs targeting intersected miRNAs were

forecasted by starbase database (https://starbase.sysu.edu.cn/

starbase2/), and they were intersected with DE-circRNAs to yield

intersected circRNAs. The relationship pairs of miRNA-mRNA

and miRNA-circRNA with opposite trend of expression were

retained. Consequently, we constructed a ceRNA network based

on the above results. Furthermore, we utilized comparative

toxicogenomics database (CTD) database to predict the target

therapeutic drugs and molecular compounds of key genes, and

constructed drug (molecular compound)-gene networks.
2.7 Quantitative real-time polymerase chain
reaction (qRT-PCR)

The blood samples were separated using PBMC separation

solution, and total RNA was eluted using with TRIzol reagents.

The RNA concentration was measured using NanoPhotometer

N50 after using 1 ul of the sample. Surescript-primer-cDNA-

synthe-kit from Servicebio was usilized to perform reverse

transcription of the mRNA. The resulting cDNA was amplified

5–20 times with RNase/DNase-free ddH2O before being

subjected to qPCR reaction. The gene detection used GAPDH as

the internal reference. A comparison of key gene expressions

between the case and normal groups was performed. Sequences

can be found in Table 1.

This study was approved by the Ethics Committee of the

Second Affiliated Hospital of Kunming Medical University.

Informed consent was obtained from all subjects involved in the

study.(Audit-PJ-Science-2023-139, 2023-7-12). We collected fresh

blood samples of case (n = 10) and normal (n = 10) groups from

Cardiovascular Department, the Second Affiliated Hospital of

Kunming Medical University. The 10 patients with AMI included

6 males and 4 females, including 7 STEMI and 3 NSTEMI. The

normal control group (5 men and 5 women) were healthy

volunteers who went to the hospital for health examination at

the same time, without any history of CVD. According to the
frontiersin.org
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TABLE 2 The basic information.

Group Sex Age BMI Smoking
(n %)

Hypertension
(n %)

T2DM
(n %)

COPD
(n %)

Hypercholesterolemia
(n %)

Family
genetic
history
(n %)

Male
(n %)

Female
(n %)

AMI
(n = 10)

6 (60%) 4 (40%) 71.4 ± 8.83 24.58 ± 1.71 5 (50%) 6 (60%) 3 (30%) 2 (20%) 5 (50%) 4 (40%)

Control
(n = 10)

5 (50%) 5 (50%) 69.50 ± 9.17 23.53 ± 1.08 3 (30%) 5 (50%) 2 (20%) 2 (20%) 3 (30%) 4 (40%)

P 0.653 \ 0.643 0.118 0.361 0.653 0.606 1.000 0.361 1.000

Zhao et al. 10.3389/fcvm.2025.1499157
guidelines adopted by the American Heart Association/American

Heart Association (2018 ESC/ACC/AHA/WHF Fourth General

Definition), all patients had a first-time diagnosis of AMI and

had been assessed by two independent cardiologists. After being

diagnosed with AMI and obtaining consent, 5 ml of venous

blood was collected immediately and PBMC isolation was

performed. The exclusion criteria for this study were severe liver

and kidney failure, severe infectious disease, autoimmune disease,

malignancy, hematological disease, and previous history of

cardiovascular disease (Table 2).
3 Results

3.1 A total of 914 DEGs and 1, 076 key
module were identified in GSE60993
dataset

In the GSE60993 dataset, a total of 914 DEGs were identified

across AMI and control specimens, as shown in Figure 1A;

Supplementary Table S3. Figure 1B demonstrated that the dataset

samples were well-clustered, thereby indicating no need to

exclude any samples. The power limit was established at 19

based on the placement of the red line in Figure 1C. At this

point, the network had approached the scaleless delivery with a

stagnant tendency, because the perpendicular scale R2 was about

0.85, and the average value of the proximity curve was

progressive approaching 0. We constructed the co-expression

matrix (Figure 1D) to sift out 12 modules, which included

merged modules. Ultimately, we discovered that the lightcyan

module (containing 1,076 genes) exhibited the strongest

correlation with AMI (R = 0.6, P = 0.002), thus it was identified

as the principal module (Figure 1E).
3.2 42 intersected genes were enriched in
various GO items and KEGG pathways

The intersection of CSRGs, DEGs and genes in key module

resulted in 42 intersected genes (Figure 2A). Besides, overlapping

genes were linked to GO annotation records such as ‘regulation

of hemopoiesis’, ‘specific granule’, ‘regulation of neuron apoptotic

process’, ‘neuron death’, ‘condensed chromosome’ (Figure 2B).

Meanwhile, they were enriched to KEGG pathways such as

‘apoptosis’, ‘chemokine signaling pathway’, ‘IL-17 signaling
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pathway’, ‘TNF signaling pathway’, and ‘JAK-STAT signaling

pathway’ (Figure 2C). Eventually, 17 nodes (candidate genes) and

18 edges constituted a PPI network, including FOS-STAT3,

MCL1-CCND2, PSMA5-PSME2 and other reciprocal relationship

pairs (Figure 2D).
3.3 ATP6V0B and DYNLL1 were screened as
key genes

When lambda = 0.023, error rate was the lowest, and we

obtained four genes (ATP6V0B, CEBPB, DYNLL1 and PSME2)

at this point (Figure 3A). We also yielded five genes (IL18R1,

RRAGD, DYNLL1, ATP6V0B and FOS) via SVM-RFE

(Figure 3B). The two key genes, namely ATP6V0B and DYNLL1,

were identified after taking the crossing genes obtained by

LASSO and SVM-RFE (Figure 3C). Besides, area under the curve

(AUC) values of ATP6V0B (AUC = 0.933) and DYNLL1

(AUC = 0.924) both exceeded 0.9, indicating that they had

excellent ability to distinguish AMI from control samples

(Figure 3D). Finally, we found the expressions of ATP6V0B and

DYNLL1 were all notably different between AMI and control

samples. Specifically, ATP6V0B was significantly overexpressed in

the AMI group, while DYNLL1 was significantly under expressed

in the same group (Figure 3E). The diagnostic ability and

expression of key genes were further validated in the GSE66360

validation set (Figures 3F,G).
3.4 Both ATP6V0B and DYNLL1 were
enriched in ribosome-related function

ATP6V0B was enriched to 547 GO entries and 40 KEGG

pathways, of which GO entries included ‘mast cell activation’,

‘ribosomal subunit’, ‘specific granule’, ‘tertiary granule’, ‘gamma

delta T cell activation’ and others (Figure 4A), KEGG pathways

contained ‘ribosome’, ‘complement and coagulation cascades’,

‘primary immunodeficiency’, ‘Toll like receptor signaling

pathway’, ‘DNA replication’ and others (Figure 4B). Moreover,

DYNLL1 was associated with 429 GO entries and 38 KEGG

pathways, such as ‘cytosolic ribosome (GO)’, ‘cytoplasmic

translation (GO)’, ‘mitochondrial protein containing complex

(GO)’, ‘mitochondrial gene expression (GO)’, ‘ncRNA processing

(GO)’, ‘allograft rejection (KEGG)’, ‘cell adhesion molecules cams

(KEGG)’, ‘FC gamma R mediated phagocytosis (KEGG)’,
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FIGURE 1

Differential expression analysis in the GSE60993 dataset. (A) The heatmap and volcano map of differentially expressed genes (DEGs) between acute
myocardial infarction (AMI) and control samples. (B) The samples were clustered to remove the outlier. (C) Selection of the optimal soft-threshold
(power). (D) Hierarchical clustering of genes and module identification. (E) Heatmap of the relationships between gene modules and clinical traits
(AMI and control).

Zhao et al. 10.3389/fcvm.2025.1499157
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FIGURE 2

Identification of intersected genes and functional enrichment analysis. (A) The venn diagram of 42 intersected genes obtained by overlapping cellular
senescence related genes (CSRGs), DEGs, and module key module genes in weighted gene co-expression network analysis (WGCNA). (B,C) The gene
ontology (GO) terms (B) and Kyoto encyclopedia of genes and genomes (KEGG) pathways (C) enriched in 42 intersected genes. BP, biological
progress; CC, cellular component. (D) The protein-protein interaction (PPI) network of intersected genes.

Zhao et al. 10.3389/fcvm.2025.1499157
‘nucleotide excision repair (KEGG)’, ‘purine metabolism (KEGG)’,

etc. (Figures 4C,D).
3.5 Immune microenvironment analysis

The heatmap displayed the infiltration proportions of immune

cells in all samples of the GSE60993 dataset, with 15 immune cell

types having non-zero distribution ratios, thus being included in

subsequent analysis (Figure 5A). Meanwhile, of these 15 immune

cells, monocytes and neutrophils had the strong negative

correlations with other immune cells (Figure 5B). PCA showed

that the clustering between AMI and control samples was

excellent (Figure 5C). Thereafter, significant differences in

the infiltration of neutrophils, resting memory CD4 T cells,

and gamma delta T cells were found between AMI and
Frontiers in Cardiovascular Medicine 06
control samples, with a significantly higher proportion of

neutrophils and lower proportions of resting memory CD4T

cells and gamma delta T cells in the AMI group. (Figure 5D).

Pearson correlation analysis suggested that neutrophils exhibited

the highest positive correlation with ATP6V0B (Cor = 0.7),

while had the highest negative correlation with DYNLL1

(Cor =−0.6) (Figure 5E).
3.6 The construction of circRNA-miRNA-
mRNA and drug-key gene networks

The ceRNA network consisted of one mRNA (DYNLL1),

one miRNA (hsa-miR-330-5p) and four circRNAs (hsa-circ-

0000780, hsa-circ-0001726, hsa-circ-0000517 and hsa-circ-

0000893), including‘hsa-circ-0000780’-‘hsa-miR-330-5p’-DYNLL1,
frontiersin.org
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FIGURE 3

Identification of key genes. (A) The least absolute shrinkage and selection operator (LASSO) coefficient distribution of four candidate genes, different
colors represent different genes. (B) The results of support vector machine-recursive feature elimination (SVM-RFE) algorithm. (C) The venn diagram
of two key genes. (D) The receiver operating characteristic (ROC) curves of key genes. AUC, area under the curve. (E) The expression of key genes in
AMI and control samples. (F) The ROC curves of key genes in the GSE66360 dataset. (G) The expression of key genes in the GSE66360 dataset.

Zhao et al. 10.3389/fcvm.2025.1499157
‘hsa-circ-0001726’-‘hsa-miR-330-5p’-DYNLL1,‘hsa-circ-0000517’-

‘hsa-miR-330-5p’-DYNLL1 and other relationship pairs

(Figure 6A). Additionally, we found that cyclosporine and

decamethrin could increase the expression of ATP6V0B,

while acrylamide enhances the production of DYNLL1,

aconitine reduces it. Figure 6B demonstrated the drug-key

gene networks.
Frontiers in Cardiovascular Medicine 07
3.7 Significant downregulation of DYNLL1 in
AMI groups in results of qRT-PCR

To further validate the expression of key genes, blood samples

from 10 AMI and 10 control samples were collected for qRT-PCR.

DYNLL1 was found to be significantly downregulated in the AMI

groups (Figure 7), and its expression trend was consistent with the
frontiersin.org

https://doi.org/10.3389/fcvm.2025.1499157
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


FIGURE 4

Functional enrichment analysis. (A,B) The GO term (A) and KEGG (B) pathways enriched in ATP6V0B. (C,D) The results of GO (C) and KEGG (D)
enrichment analysis for DYNLL1.
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FIGURE 5

Immune infiltration analysis. (A) The infiltration of immune cells in AMI and control samples. (B) The relevance of immune cells. (C) The principal
component analysis (PCA) of AMI and control samples. (D) The discrepancies of immune cells in AMI and control samples. ns, not significant;
*p < 0.05; **p < 0.01. (E) The relevance of key genes to immune cells.
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FIGURE 6

Construction of regulation network. (A) The competing endogenous RNA (ceRNA) network of DYNLL1. The red graphic represents gene, blue
represents microRNA (miRNA), and orange represents circular RNA (circRNA). (B) The gene-drug network of key genes. The red graphic represents
genes and blue represents drug.

Zhao et al. 10.3389/fcvm.2025.1499157
results of bioinformatic analysis. However, no significant difference

in ATP6V0B expression was observed between AMI and

control samples.
4 Discussion

According to statistics, AMI accounts for 20% of deaths

worldwide (16). Previous studies have shown that cardiac

troponin is the most clinically significant diagnostic index for

AMI (17). However, the prediction efficiency and specificity of

cardiac troponin are still poor. Therefore, it is of great

significance to search for new diagnostic biomarkers. In addition,

the current treatment methods still cannot fundamentally solve
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the consequences of AMI, and many patients still suffer from

HF, arrhythmia, and even SCD after AMI. Therefore, we need to

explore more perfect molecular targeted therapy strategies.

Cellular senescence occurs in proliferating cells and suffers

from various stress factors, which manifest as morphological

changes, altered gene expression, and the secretion of large

amounts of cytokines (7). Senescence has been shown to have a

dual role in cancer (18), however, the positive or negative role in

the heart has not been fully elucidated. During cardiac cell

senescence, cell stiffness, fibrosis and apoptosis increase, thereby

promoting HF (10). A study found that senescent foam cells are

detrimental in the process of atherosclerosis, and that cellular

senescence as key point for the formation and maturation of

atherosclerosis, and that remove these senescent cells is expected
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to treat atherosclerosis (19). In cancer, therapies that modulate the

senescence responses are in the pre-clinical or clinical stages

currently (18). Unfortunately, these therapeutic strategies are still

uncharted territory in heart disease.

Most bioinformatics analyses aimed to find key genes for AMI,

even studies identified key genes associated with aging in COPD

and idiopathic pulmonary fibrosis (20, 21). However, our study

aimed to find key genes associated with cellular senescence in

AMI. Xiang et al. identified three key genes related to senescence

in endothelial cells from patients with AMI: MMP9, ETS2, and

BCL6 (22). In this study, we identified two key genes related to

cellular senescence in patients with AMI: ATP6V0B and

DYNLL1. We also found that DYLL1 was significantly down-

regulated in the case group, and its expression trend was

consistent with the results of bioinformatics analysis, through

qRT-PCR. Finally, we validated and identified DYNLL1 as a key

gene related to cellular senescence in AMI.

In cardiovascular related research, gender and age differences

may have an impact on gene expression. In terms of gender, sex

hormones play different physiological roles in the cardiovascular

system of males and females, Sex-related and gender-related

factors often have opposite effects on the clinical manifestations

and outcomes of cardiovascular disease (23). In terms of age, the

incidence rate of AMI increases with age, and age itself may

worsen the outcome after AMI (24). When AMI occurs, young

patients may have a more active and effective immune response

to clear necrotic tissue and initiate repair processes, while elderly

patients may experience excessive inflammatory response or

insufficient repair (25).Therefore, the expression of key genes

related to the pathophysiological process of AMI may be

different depending on age and sex.

DYNLL1, also known as dynein light chain LC8-1(DLC1, LC8)

is the smallest and highly conserved member of the dynein family,

it is a multifunctional protein and a hub protein, which proposed

to regulate mitochondrial apoptosis (26). However, apoptosis is
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an important pathological change after AMI. Therefore, we can

speculate that there is a correlation between DYNLL1 and AMI.

Estellen et al. showed that LC8 is locate at the center of a complex

interaction network and is essential for cell homeostasis as a hub

protein (27). According to the swift et al’ study, DYNLL1 regulates

53BP1 and interact with chromatin associated with DNA double-

strand break (DSB), regulates 53BP1-dependent non-homologous

end joining (NHEJ) (28). Zalmas et al. showed that DYNLL1

regulates the localization and function of 53BP1, which may be

involved in telomere end protection (29). Swift et al. found that

DYNLL1 is an anti-excision factor, which can significantly affects

genomic stability and the response to DNA chemotherapy damage

(30). Most studies on DYNLL1 have focused on cancer. For

example, Berkel C et al. found that DYNLL1 may play an important

role in ovarian cancer progression and chemical resistance (31).

It is worth noting that the role of DYNLL1 in AMI and cellular

senescence belongs to an entirely new field. In our study, the

expression of DYNLL1 was significantly reduced in patients with

AMI, while ATP6V0B was the opposite. They were evaluated and

validated by ROC curve and external validation set. The results

show that ATP6V0B and DYNLL1 have good diagnostic

efficiency for AMI both in vascular epidermal cells and blood

samples, which provides new insights for the recognition and

treatment of AMI. Unfortunately, ATP6V0B as one of the four

subunits of the lysosomal soma pump (32), was found not

statistically significant by qRT-PCR in this study.

In our study, we also performed single-gene GO and KEGG

enrichment analyses for these two key genes to further explore

their signaling pathways and potential biological mechanisms.

DYNLL1 was associated with 429 GO items and 38 KEGG

pathways, among which the top 5 GO enriched items included

cellular ribosome, cytoplasmic translation, mitochondrial protein

containing complex, mitochondrial gene expression, ncRNA

processing. KEGG analysis showed that DYNLL1 was mainly related

to allograft rejection, cell adhesion molecules, FcγR-mediated
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phagocytosis, nucleotide excision repair, purine metabolism, etc.

Marinescu et al. show that three types of ncRNA (miRNA,

lncRNA, and circRNA) as signaling molecules closely related to

CVD, were involved in the signaling pathway of cardiomyocyte

death and cardiomyocyte regeneration, and that novel strategies

targeting ncRNA may be beneficial to AMI and improve clinical

outcomes (33). Aydin et al. found that cell adhesion molecules

(CAMs), as candidate biomarkers of AMI, may play a role in the

diagnosis of AMI (17). Lino et al. found that plasma vascular cell

adhesion molecule-1 (VCAM-1) and intercellular adhesion

molecule-1 (ICAM-1) were increased in patients with HF after

AMI, and that it may serve as biomarkers for HF after AMI and

have a significant contribution to the prediction of HF after AMI

(34). Meyer et al. found that cell senescence is associated with

increased VCAM-1 and ICAM-1, and that endothelial senescence

may lead to microvascular complications through the secretion of

VCAM-1/ICAM-1 (35). Uric acid is a xanthine metabolite, which

plays an antioxidant role. Many studies have confirmed that uric

acid is associated with CVD.The other GO enrichment items and

KEGG pathways have not been reported in relation to AMI and

cellular senescence.

In our study, we also performed immune infiltration analysis and

found that Neutrophils, CD4 T cells memory resting and γδ T cells

were significantly different between AMI and controls, and that

Neutrophils had the highest positive correlation with ATP6V0B and

the highest negative correlation with DYNLL1. After AMI,

cytokines released by necrotic cardiomyocytes can activate a strong

inflammatory response, which in turn mediates scar formation to

promote myocardial repair, but excessive inflammatory response

may induce poor myocardial remodeling (fibrosis and scar) and

then promote HF (36). A study published in Circulation showed

that neutrophilia, as a core part of the inflammatory response, was

related to MACE in patients with AMI (37). Kologrivova et al.

showed that neutrophils play a major role in inflammation

resolution and cardiac repair after AMI, and that elevated

neutrophils are associated with poor prognosis in patients with

AMI (38). It has also been shown that neutrophils induce telomere

dysfunction and senescence in ROS-dependent manner, and that

neutrophils are both recruited by senescent cells and can act as

drivers of senescence (39), but this study used mouse liver as the

specimen. In our study, the expression of DYNLL1 was significantly

reduced in patients with AMI, and the neutrophils had highest

negative correlation with DYNLL1, which is consistent with

previous studies. It can also be speculated that there is a link

between DYNLL1 and AMI. Similarly, many previous

bioinformatics analyses have suggested that γδ T cells and CD4T

cells memory resting may be involved in the development and

progression of AMI (40, 41). These findings are consistent with

those of our study, and which confirm the high accuracy of our study.

This study also constructed a ceRNA network, which consist of

four regulatory axes: hsa circ-0000780/hsa miR-330-5p/DYNLL1,

hsa circ-0001726/hsa miR-330-5p/DYNLL1, hsa circ-0000517/hsa

miR-330-5p/DDYLL1, and hsa cir-0000893/hsa miR-330-5p/

DDYLL1. According to previous studies, CircRNA is involved in

apoptosis, fibrosis, inflammatory response, and cardiac repair after

AMI, and may also serve as a diagnostic biomarker for AMI (42).
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processes of AMI and may serve as a novel biomarker for the

diagnosis and prognosis of AMI (43). Most studies have shown that

CircRNAs mainly functions through binding to miRNA or RNA

binding protein (RBP) and regulating parental gene transcription,

and that participating in and regulating the pathophysiological

process of AMI through different circRNA/miRNA/mRNA axes

(44). Some CircRNAs are also involved in and play a role in aging

and may be pathogenic factors in age-related diseases (45). The

study by Niu et al. found that many CircRNAs are related to aging

and longevity, positively and negatively regulating aging and

longevity through typical aging pathways (46). Hsa-miR-330-5p,

hsa-circ-0000780, hsa-circ-0001726, hsa-circ-0000517 and hsa-Circ-

0000893 in the ceRNA regulatory network have not been reported

to be related to AMI or aging. In the future, we will further

investigate the relationship between the CircRNA/miRNA/mRNA

axis and AMI.

Finally, this study also explored targeted drugs related to

senescence. Senotherapeutics have been explored for eliminating

senescent cells, known as senolytics, reducing the harmful effects

of SASP or inhibiting aging compounds, known as

senomorphics, also known as senostatics. These two targeted

therapy strategies are already in clinical or preclinical research

stages (7, 47). It has been shown that after ischemia-reperfusion

injury, treatment with navitoclax can eliminate aging cells in the

heart, reduce SASP mediated inflammation, increase myocardial

vascularization, reduce scar size, and improve cardiac function

(48). In our study, we found that cyclosporine and decamethrin

could increase the expression of ATP6V0B, and that acrylamide

(ACR) could increase the expression of DYNLL1 while aconitine

had opposite effect. At present, there is a large amount of

evidence for the carcinogenicity of ACR, and a few studies have

also shown the toxic effects of ACR in cellular senescence. For

example, Mahdizade et al. showed that ACR enhances the

senescence response of mouse embryonic fibroblasts (49). It is

also reported that 3% gelatin Methacrylamide can synthesize a

gelatin based cell coating, which can improve the retention of

Bone Marrow Derived Cell in heart tissue after MI, opening up a

new way for the research of heart regeneration therapy (50). The

cardiotoxicity and neurotoxicity of Aconitine (AC) have attracted

much attention,but it has not been reported in AMI or Cellular

senescence. Therefore, we need more research to explore the

beneficial or harmful effects of Acrylamide and Aconitine on AMI.

In this study, the key genes related to cell senescence in AMI were

identified by bioinformatics methods, and the enrichment analysis,

immune infiltration analysis, potential drug analysis and ceRNA

network construction were carried out for key genes. The blood

sample in patients with AMI were collected for PCR verification,

unfortunately, only one of the key genes was statistically significant.

At present, the intervention measures to remove senescent cells and

inhibit cellular senescence are mainly focus on cancer. This study

provides the possibility for breakthroughs in the field of new

diagnostic markers and molecular Targeted therapy of AMI.

However, this study also has limitations. First, the sample size is

small. A small sample size may not be able to fully cover the

various risk factors in patients with AMI, which to some extent
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limits the representativeness and accuracy of the findings. Second, the

study did not take fully into account gender and age. In the study of

AMI, the influence of gender and age on the disease cannot be

ignored. There may be significant differences in physiological

function, susceptibility to disease and gene expression among

patients of different genders and ages. Because sex and age

stratification were not performed, it is likely that we missed changes

in gene expression that were significantly different in some specific

sex or age group, thus affecting the accurate judgment of the study

results. However, we have recognized the importance of gender and

age factors in AMI research. Therefore, in future studies, we will

aim to obtain a more complete data set that includes gender and

age information to more fully explore the impact of these factors on

the study results to improve the reliability and validity of the

study.There are also many challenges, such as the lack of specific

biomarkers in aging cells, making it difficult to recognize aging cells

in the heart.

In future, we will continue to conduct in-depth research on the

beneficial or harmful effects of DYNLL1 on AMI, the regulatory

mechanism of DYNLL1 on AMI, the cardiac pathological

changes after overexpression or knockout of DYNLL1, and new

treatments strategies for DYNLL1 in AMI.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Ethics statement

The study was approved by the Ethics Committee of the

Second Affiliated Hospital of Kunming Medical University.

Informed consent was obtained from all subjects involved in the

study..(Audit-PJ-Science -2023-139, 2023-7-12).
Author contributions

WZ: Data curation, Investigation, Project administration,

Writing – original draft, Writing – review & editing. GZ: Funding

acquisition, Methodology, Software, Writing – review & editing. TC:

Formal Analysis, Writing – review & editing. LW: Formal Analysis,

Writing – review & editing. HL: Data curation, Investigation,

Writing – review & editing. QZ: Validation, Writing – review &

editing. RW: Validation, Writing – review & editing.
Frontiers in Cardiovascular Medicine 13
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This

research was funded by Yunnan Province High Level Talents

Training Support Program in China (YNWR-QNBJ-2020-238).
Acknowledgments

We would like to express our gratitude to our colleagues at
Department of Cardiology, the Second Affiliated Hospital of
Kunming Medical University, especially every nurse who helped
us collect blood samples.
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.2025.

1499157/full#supplementary-material

SUPPLEMENTARY TABLE S1

Sample information in dataset GSE60993.

SUPPLEMENTARY TABLE S2

Sample information in dataset GSE66360.

SUPPLEMENTARY TABLE S3

The DEGs between AMI and control samples.
References
1. Woodruff RC, Tong X, Khan SS, Shah NS, Jackson SL, Loustalot F, et al. Trends in
cardiovascular disease mortality rates and excess deaths, 2010–2022. Am J Prev Med.
(2024) 66(4):582–9. doi: 10.1016/j.amepre.2023.11.009

2. Gulati R, Behfar A, Narula J, Kanwar A, Lerman A, Cooper L, et al. Acute
myocardial infarction in young individuals. Mayo Clin Proc. (2020) 95(1):136–56.
doi: 10.1016/j.mayocp.2019.05.001
3. Ojha N, Dhamoon AS. Myocardial infarction. StatPearls. Treasure Island, FL:
StatPearls Publishing (2023).

4. Yin L, Tang Y, Jiang M. Research on the circular RNA bioinformatics in patients
with acute myocardial infarction. J Clin Lab Anal. (2021) 35(2):e23621. doi: 10.1002/
jcla.23621
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcvm.2025.1499157/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1499157/full#supplementary-material
https://doi.org/10.1016/j.amepre.2023.11.009
https://doi.org/10.1016/j.mayocp.2019.05.001
https://doi.org/10.1002/jcla.23621
https://doi.org/10.1002/jcla.23621
https://doi.org/10.3389/fcvm.2025.1499157
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Zhao et al. 10.3389/fcvm.2025.1499157
5. Mehdizadeh M, Aguilar M, Thorin E, Ferbeyre G, Nattel S. The role of cellular
senescence in cardiac disease: basic biology and clinical relevance. Nat Rev Cardiol.
(2022) 19(4):250–64. doi: 10.1038/s41569-021-00624-2

6. Chen MS, Lee RT, Garbern JC. Senescence mechanisms and targets in the heart.
Cardiovasc Res. (2022) 118(5):1173–87. doi: 10.1093/cvr/cvab161

7. Zhang L, Pitcher LE, Yousefzadeh MJ, Niedernhofer LJ, Robbins PD, Zhu Y.
Cellular senescence: a key therapeutic target in aging and diseases. J Clin Invest.
(2022) 132(15):e158450. doi: 10.1172/JCI158450

8. Primak A, Kalinina N, Skryabina M, Usachev V, Chechekhin V, Vigovskiy M, et al.
Novel immortalized human multipotent mesenchymal stromal cell line for studying
hormonal signaling. Int J Mol Sci. (2024) 25(4):2421. doi: 10.3390/ijms25042421

9. Hu C, Zhang X, Teng T, Ma ZG, Tang QZ. Cellular senescence in cardiovascular
diseases: a systematic review. Aging Dis. (2022) 13(1):103–28. doi: 10.14336/AD.2021.0927

10. Trembinski DJ, Bink DI, Theodorou K, Sommer J, Fischer A, van Bergen A, et al.
Aging-regulated anti-apoptotic long non-coding RNA Sarrah augments recovery from
acute myocardial infarction. Nat Commun. (2020) 11(1):2039. doi: 10.1038/s41467-
020-15995-2

11. Wang Y, Wang Z, Sun J, Qian Y. Identification of HCC subtypes with different
prognosis and metabolic patterns based on mitophagy. Front Cell Dev Biol. (2021)
9:799507. doi: 10.3389/fcell.2021.799507

12. Fu DS, Adili A, Chen X, Li JZ, Muheremu A. Abnormal genes and pathways that
drive muscle contracture from brachial plexus injuries: towards machine learning
approach. SLAS Technol. (2024) 29(4):100166. doi: 10.1016/j.slast.2024.100166

13. Wang Q, Qiao W, Zhang H, Liu B, Li J, Zang C, et al. Nomogram established on
account of lasso-cox regression for predicting recurrence in patients with early-stage
hepatocellular carcinoma. Front Immunol. (2022) 13:1019638. doi: 10.3389/fimmu.
2022.1019638

14. Hassanzad M, Hajian-Tilaki K. Methods of determining optimal cut-point of
diagnostic biomarkers with application of clinical data in ROC analysis: an update
review. BMC Med Res Methodol. (2024) 24(1):84. doi: 10.1186/s12874-024-02198-2

15. Min SH, Zhou J. Smplot: an R package for easy and elegant data visualization.
Front Genet. (2021) 12:802894. doi: 10.3389/fgene.2021.802894

16. Wilcock AD, Zubizarreta JR, Wadhera RK, Yeh RW, Zachrison KS, Schwamm
LH, et al. Factors underlying reduced hospitalizations for myocardial infarction during
the COVID-19 pandemic. JAMA Cardiol. (2024) 9(10):914–20. doi: 10.1001/
jamacardio.2024.2031

17. Chauin A. The main causes and mechanisms of increase in cardiac troponin
concentrations other than acute myocardial infarction (part 1): physical exertion,
inflammatory heart disease, pulmonary embolism, renal failure, sepsis. Vasc Health
Risk Manag. (2021) 17:601–17. doi: 10.2147/VHRM.S327661

18. Tao W, Yu Z, Han JJ. Single-cell senescence identification reveals senescence
heterogeneity, trajectory, and modulators. Cell Metab. (2024) 36(5):1126–1143.e5.
doi: 10.1016/j.cmet.2024.03.009

19. Loppi SH, Tavera-Garcia MA, Scholpa NE, Maiyo BK, Becktel DA, Morrison
HW, et al. Boosting mitochondrial biogenesis diminishes foam cell formation in the
post-stroke brain. Int J Mol Sci. (2023) 24(23):16632. doi: 10.3390/ijms242316632

20. Chen S, Zhan Y, Chen J, Wu J, Gu Y, Huang Q, et al. Identification and
validation of genetic signature associated with aging in chronic obstructive
pulmonary disease. Aging (Albany NY. (2022) 14(20):8568–80. doi: 10.18632/aging.
204358

21. He J, Li X. Identification and validation of aging-related genes in idiopathic
pulmonary fibrosis. Front Genet. (2022) 13:780010. doi: 10.3389/fgene.2022.780010

22. Xiang J, Shen J, Zhang L, Tang B. Identification and validation of senescence-
related genes in circulating endothelial cells of patients with acute myocardial
infarction. Front Cardiovasc Med. (2022) 9:1057985. doi: 10.3389/fcvm.2022.1057985

23. Regitz-Zagrosek V, Gebhard C. Gender medicine: effects of sex and gender on
cardiovascular disease manifestation and outcomes. Nat Rev Cardiol. (2023)
20(4):236–47. doi: 10.1038/s41569-022-00797-4

24. Thong EHE, Quek EJW, Loo JH, Yun CY, Teo YN, Teo YH, et al. Acute
myocardial infarction and risk of cognitive impairment and dementia: a review.
Biology (Basel). (2023) 12(8):1154. doi: 10.3390/biology12081154

25. Tao P, Chen X, Xu L, Chen J, Nie Q, Xu M, et al. LIMD2 is the signature of cell
aging-immune/inflammation in acute myocardial infarction. Curr Med Chem. (2024)
31(17):2400–13. doi: 10.2174/0109298673274563231031044134

26. Greenwood M, Gillard BT, Murphy D, Greenwood MP. Dimerization of hub
protein DYNLL1 and bZIP transcription factor CREB3L1 enhances transcriptional
activation of CREB3L1 target genes like arginine vasopressin. Peptides. (2024)
179:171269. doi: 10.1016/j.peptides.2024.171269

27. Estelle AB, George A, Barbar EJ, Zuckerman DM. Quantifying cooperative
multisite binding in the hub protein LC8 through Bayesian inference. PLoS Comput
Biol. (2023) 19(4):e1011059. doi: 10.1371/journal.pcbi.1011059

28. Swift ML, Zhou R, Syed A, Moreau LA, Tomasik B, Tainer JA, et al. Dynamics of
the DYNLL1-MRE11 complex regulate DNA end resection and recruitment of
Frontiers in Cardiovascular Medicine 14
shieldin to DSBs. Nat Struct Mol Biol. (2023) 30(10):1456–67. doi: 10.1038/s41594-
023-01074-9

29. Zalmas LP, Lu WT, Kanu N. An emerging regulatory network of NHEJ via
DYNLL1-mediated 53BP1 redistribution. Ann Transl Med. (2019) 7(Suppl 3):S93.
doi: 10.21037/atm.2019.04.39

30. He YJ, Meghani K, Caron MC, Yang C, Ronato DA, Bian J, et al. DYNLL1 Binds
to MRE11 to limit DNA end resection in BRCA1-deficient cells. Nature. (2018)
563(7732):522–6. doi: 10.1038/s41586-018-0670-5

31. Berkel C, Cacan E. In silico analysis of DYNLL1 expression in ovarian cancer
chemoresistance. Cell Biol Int. (2020) 44(8):1598–605. doi: 10.1002/cbin.11352

32. Chan H, Li Q, Wang X, Liu WY, Hu W, Zeng J, et al. Vitamin D(3) and
carbamazepine protect against clostridioides difficile infection in mice by restoring
macrophage lysosome acidification. Autophagy. (2022) 18(9):2050–67. doi: 10.1080/
15548627.2021.2016004

33. Marinescu MC, Lazar AL, Marta MM, Cozma A, Catana CS. Non-coding RNAs:
prevention, diagnosis, and treatment in myocardial ischemia-reperfusion injury. Int
J Mol Sci. (2022) 23(5):2728. doi: 10.3390/ijms23052728

34. Lino DOC, Freitas IA, Meneses GC, Martins AMC, Daher EF, Rocha JHC, et al.
Interleukin-6 and adhesion molecules VCAM-1 and ICAM-1 as biomarkers of post-
acute myocardial infarction heart failure. Braz J Med Biol Res. (2019) 52(12):e8658.
doi: 10.1590/1414-431x20198658

35. Meyer K, Patra T, Vijayamahantesh RR. SARS-CoV-2 spike protein induces
paracrine senescence and leukocyte adhesion in endothelial cells. J Virol. (2021)
95(17):e0079421. doi: 10.1128/JVI.00794-21

36. Wang S, Xiao F, Li J, Fan X, He Z, Yan T, et al. Circular RNAs involved in the
regulation of the age-related pathways. Int J Mol Sci. (2022) 23(18):10443. doi: 10.
3390/ijms231810443

37. Sreejit G, Abdel-Latif A, Athmanathan B, Annabathula R, Dhyani A, Noothi SK,
et al. Neutrophil-derived S100A8/A9 amplify granulopoiesis after myocardial
infarction. Circulation. (2020) 141(13):1080–94. doi: 10.1161/CIRCULATIONAHA.
119.043833

38. Kologrivova I, Shtatolkina M, Suslova T, Ryabov V. Cells of the immune system in
cardiac remodeling: main players in resolution of inflammation and repair after
myocardial infarction. Front Immunol. (2021) 12:664457. doi: 10.3389/fimmu.2021.664457

39. Lagnado A, Leslie J, Ruchaud-Sparagano MH, Victorelli S, Hirsova P,
Ogrodnik M, et al. Neutrophils induce paracrine telomere dysfunction and
senescence in ROS-dependent manner. EMBO J. (2021) 40(9):e106048. doi: 10.
15252/embj.2020106048

40. Zhao E, Xie H, Zhang Y. Predicting diagnostic gene biomarkers associated with
immune infiltration in patients with acute myocardial infarction. Front Cardiovasc
Med. (2020) 7:586871. doi: 10.3389/fcvm.2020.586871

41. Wu Y, Jiang T, Hua J, Xiong Z, Chen H, Li L, et al. Integrated bioinformatics-
based analysis of hub genes and the mechanism of immune infiltration associated with
acute myocardial infarction. Front Cardiovasc Med. (2022) 9:831605. doi: 10.3389/
fcvm.2022.831605

42. Joaquim VHA, Pereira NP, Fernandes T, Oliveira EM. Circular RNAs as a
diagnostic and therapeutic target in cardiovascular diseases. Int J Mol Sci. (2023)
24(3). doi: 10.3390/ijms24032125

43. Zhang L, Ding H, Zhang Y, Wang Y, Zhu W, Li P. Circulating MicroRNAs:
biogenesis and clinical significance in acute myocardial infarction. Front Physiol.
(2020) 11:1088. doi: 10.3389/fphys.2020.01088

44. Wu J, Li C, Lei Z, Cai H, Hu Y, Zhu Y, et al. Comprehensive analysis of
circRNA-miRNA-mRNA regulatory network and novel potential biomarkers in
acute myocardial infarction. Front Cardiovasc Med. (2022) 9:850991. doi: 10.3389/
fcvm.2022.850991

45. Cai H, Li Y, Niringiyumukiza JD, Su P, Xiang W. Circular RNA involvement in
aging: an emerging player with great potential. Mech Ageing Dev. (2019) 178:16–24.
doi: 10.1016/j.mad.2018.11.002

46. Niu R, Liu J. Circular RNA involvement in aging and longevity. Curr Genomics.
(2022) 23(5):318–25. doi: 10.2174/1389202923666220927110258

47. Di Micco R, Krizhanovsky V, Baker D, d’Adda di fagagna F. Cellular senescence
in ageing: from mechanisms to therapeutic opportunities. Nat Rev Mol Cell Biol.
(2021) 22(2):75–95. doi: 10.1038/s41580-020-00314-w

48. Dookun E, Walaszczyk A, Redgrave R, Palmowski P, Tual-Chalot S, Suwana A,
et al. Clearance of senescent cells during cardiac ischemia-reperfusion injury improves
recovery. Aging Cell. (2020) 19(10):e13249. doi: 10.1111/acel.13249

49. Mahdizade E, Baeeri M, Hodjat M, Rahimifard M, Navaei-Nigjeh M,
Haghi-Aminjan H, et al. Impact of acrylamide on cellular senescence
response and cell cycle distribution via an in vitro study. Iran J Pharm Res.
(2021) 20(4):165–77. doi: 10.22037/ijpr.2021.115117.15206

50. Gottipati A, Chelvarajan L, Peng H, Kong R, Cahall CF, Li C, et al. Gelatin based
polymer cell coating improves bone marrow-derived cell retention in the heart after
myocardial infarction. Stem Cell Rev Rep. (2019) 15(3):404–14. doi: 10.1007/s12015-018-
9870-5
frontiersin.org

https://doi.org/10.1038/s41569-021-00624-2
https://doi.org/10.1093/cvr/cvab161
https://doi.org/10.1172/JCI158450
https://doi.org/10.3390/ijms25042421
https://doi.org/10.14336/AD.2021.0927
https://doi.org/10.1038/s41467-020-15995-2
https://doi.org/10.1038/s41467-020-15995-2
https://doi.org/10.3389/fcell.2021.799507
https://doi.org/10.1016/j.slast.2024.100166
https://doi.org/10.3389/fimmu.2022.1019638
https://doi.org/10.3389/fimmu.2022.1019638
https://doi.org/10.1186/s12874-024-02198-2
https://doi.org/10.3389/fgene.2021.802894
https://doi.org/10.1001/jamacardio.2024.2031
https://doi.org/10.1001/jamacardio.2024.2031
https://doi.org/10.2147/VHRM.S327661
https://doi.org/10.1016/j.cmet.2024.03.009
https://doi.org/10.3390/ijms242316632
https://doi.org/10.18632/aging.204358
https://doi.org/10.18632/aging.204358
https://doi.org/10.3389/fgene.2022.780010
https://doi.org/10.3389/fcvm.2022.1057985
https://doi.org/10.1038/s41569-022-00797-4
https://doi.org/10.3390/biology12081154
https://doi.org/10.2174/0109298673274563231031044134
https://doi.org/10.1016/j.peptides.2024.171269
https://doi.org/10.1371/journal.pcbi.1011059
https://doi.org/10.1038/s41594-023-01074-9
https://doi.org/10.1038/s41594-023-01074-9
https://doi.org/10.21037/atm.2019.04.39
https://doi.org/10.1038/s41586-018-0670-5
https://doi.org/10.1002/cbin.11352
https://doi.org/10.1080/15548627.2021.2016004
https://doi.org/10.1080/15548627.2021.2016004
https://doi.org/10.3390/ijms23052728
https://doi.org/10.1590/1414-431x20198658
https://doi.org/10.1128/JVI.00794-21
https://doi.org/10.3390/ijms231810443
https://doi.org/10.3390/ijms231810443
https://doi.org/10.1161/CIRCULATIONAHA.119.043833
https://doi.org/10.1161/CIRCULATIONAHA.119.043833
https://doi.org/10.3389/fimmu.2021.664457
https://doi.org/10.15252/embj.2020106048
https://doi.org/10.15252/embj.2020106048
https://doi.org/10.3389/fcvm.2020.586871
https://doi.org/10.3389/fcvm.2022.831605
https://doi.org/10.3389/fcvm.2022.831605
https://doi.org/10.3390/ijms24032125
https://doi.org/10.3389/fphys.2020.01088
https://doi.org/10.3389/fcvm.2022.850991
https://doi.org/10.3389/fcvm.2022.850991
https://doi.org/10.1016/j.mad.2018.11.002
https://doi.org/10.2174/1389202923666220927110258
https://doi.org/10.1038/s41580-020-00314-w
https://doi.org/10.1111/acel.13249
https://doi.org/10.22037/ijpr.2021.115117.15206
https://doi.org/10.1007/s12015-018-9870-5
https://doi.org/10.1007/s12015-018-9870-5
https://doi.org/10.3389/fcvm.2025.1499157
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Identification and validation of key genes associated with cell senescence in acute myocardial infarction
	Introduction
	Materials and methods
	Sources of data
	Differential expression analysis and WGCNA
	Functional enrichment and PPI analyses
	Screening for key genes by machine learning methods
	Immuno-infiltrative analysis
	Construction of the competing endogenous RNA (ceRNA) and drug-gene networks
	Quantitative real-time polymerase chain reaction (qRT-PCR)

	Results
	A total of 914 DEGs and 1, 076 key module were identified in GSE60993 dataset
	42 intersected genes were enriched in various GO items and KEGG pathways
	ATP6V0B and DYNLL1 were screened as key genes
	Both ATP6V0B and DYNLL1 were enriched in ribosome-related function
	Immune microenvironment analysis
	The construction of circRNA-miRNA-mRNA and drug-key gene networks
	Significant downregulation of DYNLL1 in AMI groups in results of qRT-PCR

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


