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Abstract

Objective: To identify key genes in epicardial adipose tissue (EAT) of coro-
nary artery disease (CAD) patients through bioinformatics approaches, explore
immune cell infiltration via enrichment analysis and construction of protein-
protein interaction networks, infer and validate differentially expressed genes
in EAT-derived exosomes by integrating differentially expressed genes in exo-
somes from CAD patients, and investigate the mechanistic role of EAT in CAD
pathogenesis at the cellular and molecular levels.

Methods: The GSE64554 and GSE120774 datasets were downloaded from the
GEO database, and sequencing data of epicardial adipose tissue were classified
into CAD and control groups based on clinical information for bioinformatics
analysis using R language and related packages. Differentially expressed genes
between CAD patients and controls in EAT were first identified, followed by
enrichment analysis and construction of protein-protein interaction networks
to evaluate the biological functions of selected genes and transcription factors
potentially involved in their regulation. A weighted gene co-expression net-
work analysis (WGCNA) was constructed for EAT expression profiles in the
GSE64554 dataset to obtain gene modules associated with CAD phenotypes.
Key genes were identified by intersecting differentially expressed genes in EAT
with Hub genes within these modules. Meanwhile, immune cell infiltration in
EAT was analyzed using the Cibersort deconvolution algorithm. Differentially
expressed genes between blood exosomes from CAD patients and healthy con-
trols were obtained from the exoRbase database. The intersection between
differentially expressed genes in EAT and those in exosomes (both comparing
CAD patients vs. healthy controls) was identified as potential diagnostic and
therapeutic markers for CAD, which were subsequently validated in clinical
samples via rt-qPCR. Selected genes were subjected to GO/KEGG enrichment
analysis and Metascape enrichment analysis.
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Results: A total of 1,511 differentially expressed genes were identified in epicar-
dial adipose tissue, including 956 upregulated and 555 downregulated genes. A
weighted gene co-expression network of EAT expression profiles was constructed
to obtain modules associated with CAD phenotypes. Intersection of Hub genes
within these modules with differentially expressed genes yielded key genes in-
volved in CAD pathogenesis in EAT: DDX47, FEM1C, NOL11, SRP54, ABI1,
PATL1, BNIP2, Clorfl59, and CHCHD4. Immune cell infiltration analysis re-
vealed elevated abundance of naive CD4+ T cells and reduced abundance of rest-
ing dendritic cells in EAT of CAD patients (P < 0.05). A total of 1,658 differen-
tially expressed genes were identified in exosomes from CAD patients, including
278 upregulated and 1,380 downregulated genes. Intersection of differentially
expressed genes in EAT with those in exosomes yielded 129 genes, among which
BPI, BIRC5, CXCL12, RNASE1, and F2R with relatively high expression abun-
dance were selected as potential diagnostic and therapeutic markers for CAD
and validated via rt-qPCR. GO/KEGG enrichment analysis demonstrated that
differentially expressed genes in EAT were primarily enriched in cytosol, MHC
protein complex, RNA degradation, antigen processing and presentation, etc.
A PPI network was constructed, and the gene with the highest connectivity,
RPS27A, was identified using the MCC algorithm of the Cytohubba plugin
in Cytoscape software. Metascape enrichment analysis revealed that differen-
tially expressed genes were mainly enriched in cellular response to DNA damage
stimulus, RNA metabolism, regulation of cellular response to stress, adaptive
immune system, etc. The TRRUST database predicted that the CIITA tran-
scription factor may be involved in regulating differentially expressed genes in
EAT.

Conclusion: (1) Epicardial adipose tissue may participate in CAD pathogen-
esis through pro-inflammatory and immune pathways, with DDX47, FEM1C,
NOL11, SRP54, ABI1, PATL1, BNIP2, Clorf159, CHCHD4, and RPS27A po-
tentially serving as key genes playing important roles. (2) The abundance of
naive CD4+ T cells is elevated while the abundance of resting dendritic cells
is reduced in EAT of CAD patients. (3) BPI, BIRC5, CXCL12, RNASEL, and
F2R may be secreted by epicardial adipose tissue and serve as diagnostic mark-
ers for CAD.

Full Text

Abstract

Objective: This study aims to identify differentially expressed genes and elu-
cidate the potential pathogenic mechanisms of epicardial adipose tissue (EAT)
and exosomes in coronary artery disease (CAD) patients at the cellular and
molecular levels.

Methods: We downloaded datasets GSE64554 and GSE120774 from the GEO
database and classified the epicardial adipose tissue sequencing data into CAD
and control groups based on clinical information. Bioinformatics analysis was
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performed using R language and related software packages. Differentially ex-
pressed genes between CAD patients and controls in EAT were identified, fol-
lowed by enrichment analysis, protein-protein interaction network construc-
tion, and immune cell infiltration assessment. Weighted gene co-expression net-
work analysis (WGCNA) was constructed for the EAT expression profile in the
GSE64554 dataset to obtain gene modules associated with CAD phenotypes.
Key genes were identified by intersecting differentially expressed genes with
hub genes within these modules. Additionally, differentially expressed genes be-
tween CAD patients and healthy controls in blood exosomes were obtained from
the exoRbase database. The intersection of EAT and exosome differentially ex-
pressed genes was identified as potential diagnostic and therapeutic markers for
CAD, which were subsequently validated using clinical samples via rt-qPCR.

Results: A total of 1,511 differentially expressed genes were identified in EAT
between CAD patients and controls, including 956 upregulated and 555 down-
regulated genes. WGCNA analysis revealed modules correlated with CAD phe-
notypes. By intersecting differentially expressed genes with hub genes from
these modules, nine key genes were identified: DDX47, FEM1C, NOL11, SRP54,
ABI1, PATL1, BNIP2, Clorf159, and CHCHD4. Immune cell infiltration analy-
sis showed that naive CD4+ T cell abundance was significantly increased while
resting dendritic cell abundance was decreased in CAD patients’ EAT (P < 0.05).
From exosome analysis, 1,658 differentially expressed genes were identified, with
278 upregulated and 1,380 downregulated. The intersection of EAT and exo-
some differentially expressed genes yielded 129 genes, from which BPI, BIRC5,
CXCL12, RNASE1, and F2R were selected as potential diagnostic markers and
validated by rt-qPCR. GO/KEGG enrichment analysis revealed that EAT dif-
ferentially expressed genes were mainly enriched in cytosol, MHC protein com-
plex, RNA degradation, antigen processing and presentation. The PPI network
constructed through the STRING database and analyzed using Cytoscape Cy-
tohubba plugin MCC algorithm identified RPS27A as the gene with the highest
connectivity. Metascape enrichment analysis showed differentially expressed
genes were primarily enriched in cellular response to DNA damage stimulus,
RNA metabolism, regulation of cellular stress response, and adaptive immune
system. The TRRUST database predicted that the CIITA transcription factor
may be involved in regulating differentially expressed genes in EAT.

Conclusion: EAT may participate in CAD pathogenesis through pro-
inflammatory and immune pathways. DDX47, FEM1C, NOL11, SRP54, ABI1,
PATL1, BNIP2, Clorfl59, CHCHD4, and RPS27A may serve as key genes
playing important roles in this process. Naive CD4+ T cell abundance is
increased while resting dendritic cell abundance is decreased in CAD patients’
EAT. BPI, BIRC5, CXCL12, RNASE1, and F2R may be secreted by EAT and
serve as diagnostic markers for CAD.

Keywords: Coronary artery disease; Epicardial adipose tissue; Exosome; Bioin-
formatics analysis; Immune cell infiltration
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Introduction

Atherosclerosis-induced cardiovascular disease (CVD) is the leading cause of
death worldwide, with the World Health Organization predicting that 23.6 mil-
lion people will die from cardiovascular disease by 2030 [1]. The pathogenesis
of atherosclerosis is complex, primarily involving vascular endothelial injury,
mononuclear macrophage adhesion, and lipid deposition [2], yet its complete
mechanisms remain unclear. Analyzing clinical patient specimens using gene
chip technology to screen for valuable genes would provide deeper insights into
CAD pathogenesis. Obesity is an independent risk factor for cardiovascular dis-
ease, but the main obesity indicator BMI shows a “U-shaped” association with
mortality in AS patients, a phenomenon known as the “obesity paradox.” Con-
sequently, adipose tissue is no longer considered merely an “energy warehouse”
but rather a metabolically active endocrine and paracrine organ [3].

Epicardial adipose tissue (EAT) is anatomically closely connected to coronary
arteries and is intimately associated with atherosclerosis, atrial fibrillation, heart
failure, and other cardiovascular diseases [4-6]. Multiple studies have found that
dysfunctional EAT promotes atherosclerosis progression through secretion of ex-
osomes [7] and bioactive substances, though the underlying mechanisms require
further investigation. This study employs multiple bioinformatics methods to
mine sequencing data from CAD patients’ EAT and exosomes, deeply exploring
the molecular biological processes through which EAT participates in atheroscle-
rosis. By integrating exosome sequencing data, we identified EAT-derived exo-
some genes and validated their diagnostic value. We ultimately discovered that
BPI, BIRC5, CXCL12, RNASE1, and F2R may be secreted by EAT and serve as
diagnostic markers for CAD, providing a theoretical foundation for mechanistic
studies and clinical management of EAT in coronary atherosclerosis.

Methods

1.1 Data Download and Preprocessing

We searched the GEO database using “epicardial adipose tissue OR EAT” as
keywords with “Homo sapiens” as the study species. Based on dataset informa-
tion, we obtained the required microarray datasets GSE64554 and GSE120774.
Series matrix data were downloaded, and batch effects were removed using the
“combat” R package to merge gene expression matrices. Blood exosome gene ex-
pression profiles from CAD patients and healthy controls were obtained through
the exoRbase database (exorbase.org).

1.2 Differential Gene Screening

The “Limma” R package [8] was used to screen for differentially expressed genes
(DEGS) between CAD and non-CAD patients in both EAT and exosomes, with P
< 0.05 as the threshold. Results were visualized as volcano plots and heatmaps.
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1.3 Weighted Gene Co-expression Network Construction and CAD-
Related Module Identification

To minimize the impact of merged datasets on gene correlation, we used
the “WGCNA” R package to construct a gene co-expression network for the
GSE64554 dataset and identify modules. A soft threshold f = 5 was selected
to meet scale-free network standards for constructing the gene co-expression
network.  The topological overlap matrix (TOM) was transformed, and
dynamic tree cutting was used for preliminary module division. Based on
clinical information from the GSE64554 dataset samples, disease status and
age were included as clinical traits. Modules with the highest correlation to
these traits were selected for subsequent analysis. Module membership (MM)
was calculated to assess correlations between genes and modules, with |[MM| >
0.8 used to screen for hub genes within modules.

1.4 Functional Analysis

The “ClusterProfiler” R package [9] was used for enrichment analysis of identi-
fied genes with FDR < 0.05 as the screening criterion. GO analysis identified
enriched biological processes (BP), cellular components (CC), and molecular
functions (MF). KEGG analysis revealed enriched signaling pathways. Iden-
tified genes were also imported into the Metascape online database [10] for
enrichment analysis and transcription factor prediction.

1.5 Protein-Protein Interaction Network Construction and Hub Gene
Screening

Selected genes were imported into the STRING database (https://string-db.org)
to construct a protein-protein interaction (PPI) network. The PPI network was
then imported into Cytoscape (Version 3.9.0) software [11], and the CytoHubba
plugin with MCC algorithm was used to identify the top 10 genes with highest
connectivity as key genes.

1.6 Immune Cell Infiltration Analysis

The gene expression matrix for 22 immune cell types was downloaded from
the Cibersort website (https://cibersort.stanford.edu/). The Cibersort decon-
volution algorithm was used to calculate immune cell infiltration in 46 samples
from the GSE64554 dataset, and results were visualized for comparison between
groups.

1.7 Clinical Sample Collection

Peripheral blood was collected from 20 patients undergoing coronary angiogra-
phy at the Second Affiliated Hospital of Shanxi Medical University, including 10
CAD patients and 10 non-CAD patients. Blood samples were stored in liquid ni-
trogen before further experiments. All subjects provided informed consent, and

chinarxiv.org/items/chinaxiv-202207.00056 Machine Translation


https://chinarxiv.org/items/chinaxiv-202207.00056

ChinaRxiv [$X]

the clinical specimen collection protocol was approved by the Research Ethics
Committee of the Second Affiliated Hospital of Shanxi Medical University.

1.8 Quantitative Real-Time PCR (qRT-PCR)

Total RNA from plasma was extracted using the Total RNA Rapid Extraction
Kit (RP4001, Bioteke Corporation) according to the manufacturer’s instructions.
cDNA synthesis was performed using the HiScript III RT SuperMix for qPCR
(+gDNA wiper) kit. Residual DNA was first removed from total RNA, followed
by reverse transcription to ¢cDNA, which was stored at -20°C. qRT-PCR was
then performed using cDNA as template with the following program: 95°C for
3 min; 40 cycles of 95°C for 5 s, 60°C for 10 s, 72°C for 30 s; 95°C for 15 s, 65°C
for 5 s, 95°C for 50 s. Results were analyzed using the 27 (-AACT) method.

1.9 Statistical Analysis

Statistical analysis was performed using SPSS 26 software. All experimental
data are presented as mean + SD. Comparisons between two groups were con-
ducted using t-tests, with P < 0.05 considered statistically significant.

Results
2.1.1 Acquisition of Differentially Expressed Genes

Using the “limma” package, we identified differentially expressed genes between
CAD and non-CAD patients in EAT. With P < 0.05 as the threshold, 1,511
differentially expressed mRNAs were obtained, including 956 upregulated and
555 downregulated genes.

[Figure 1: see original paper| shows the volcano plot of differentially expressed
genes between CAD and non-CAD patients in epicardial adipose tissue. [Fig-
ure 2: see original paper| shows the heatmap of differentially expressed genes
between CAD and non-CAD patients in epicardial adipose tissue.

2.1.2 GO/KEGG Analysis and Protein-Protein Interaction Network
of EAT Differentially Expressed Genes

GO enrichment analysis of differentially expressed genes in EAT from CAD
patients compared to controls identified 800 significant GO terms, including
567 biological process terms primarily involving cellular stress response and
cellular response to DNA damage stimulus. Cell component analysis yielded
127 terms, mainly involving cytosol, MHC protein complex, and luminal side
of endoplasmic reticulum membrane. Molecular function analysis identified 106
terms, primarily involving MHC class II protein complex binding and specific
ribonuclease activation. KEGG pathway enrichment identified 20 pathways,
mainly involving RNA degradation, viral myocarditis, graft-versus-host disease,
and type I diabetes mellitus.
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[Figure 3: see original paper] shows GO enrichment analysis of EAT differentially
expressed genes. [Figure 4: see original paper] shows KEGG enrichment analysis
of EAT differentially expressed genes.

The differentially expressed genes in EAT were input into the STRING database
to construct a PPI network, which contained 1,507 nodes with actual interac-
tions and 1,258 edges, with an average degree of 1.67 per node. The PPI net-
work was imported into Cytoscape software, and the CytoHubba plugin using
MCC algorithm identified the top 10 genes with highest connectivity: RPS27A,
PSME4, PSMA1, PSMAS5, GLI3, GLI1, PSME2, PSMB, SUFU, and SHH.

[Figure 5: see original paper| shows the PPI network and key genes of EAT
differentially expressed genes.

2.1.3 Metascape Enrichment Analysis of EAT Differentially Expressed
Genes

Metascape enrichment analysis of differentially expressed genes in EAT from
CAD patients revealed enrichment in olfactory transduction, cellular response
to DNA damage stimulus, herpes simplex virus 1 infection, RNA metabolism,
regulation of cellular stress response, and adaptive immune system. The TR-
RUST database predicted that the CIITA transcription factor may be involved
in regulating differentially expressed genes in EAT.

[Figure 6: see original paper| shows Metascape enrichment analysis of EAT
differentially expressed genes. [Figure 8: see original paper| shows transcription
factor prediction from TRRUST database for EAT differentially expressed genes.

2.2.1 Soft Threshold Selection and Preliminary Module Division for
EAT WGCNA

In this study, 8 = 5 was selected as the soft threshold to construct the co-
expression network. The minimum number of genes per module was set to 30,
and the gene clustering height cutoff was set to 0.995. A total of 156 network
modules were obtained, with gene numbers ranging from 30 to 2,169 per module.

[Figure 9: see original paper| shows analysis of soft threshold parameter network
topology structure (left panel shows scale-free topology model fit under different
B values, right panel shows mean connectivity under different 8 values).

2.2.2 Clinical Information Correlation and Hub Gene Acquisition

Module-trait correlation analysis was performed to identify modules most
highly associated with clinical information of epicardial adipose tissue samples
from atherosclerosis patients. The results showed positive correlations between
atherosclerosis patients’ EAT and greend (r = 0.50, p = 0.02), slateblue (r =
0.54, p = 8.0 x 1073), darkseagreen4 (r = 0.55, p = 6.4 x 10~3), darkolivegreenl
(r = 0.55, p = 7.0 x 1073), siennad (r = 0.56, p = 5.6 x 10~?), and brown3
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(r = 0.57, p = 4.2 x 1073) modules, and negative correlations with deeppink
(r = 0.50, p = 0.01), lavender (r = 0.60, p = 2.6 x 1072), and lavenderblush3
(r = 0.56, p = 5.9 x 1073) modules. Hub genes within selected modules were
screened using |MM| > 0.8.

[Figure 10: see original paper] shows the gene clustering dendrogram. [Figure
11: see original paper| shows correlation between gene modules and clinical
information.

2.3 Identification of Key Genes

The intersection of differentially expressed genes and hub genes within mod-
ules yielded differentially expressed hub genes, which were considered key genes
involved in the pathophysiological process of atherosclerosis in EAT tissue. Up-
regulated hub genes included DDX47, FEM1C, NOL11, SRP54, ABI1, PATLI,
and BNIP2, while downregulated hub genes included Clorf159 and CHCHDA4.

[Figure 12: see original paper] shows Venn diagram of differentially expressed
genes and hub genes within modules.

2.4 Immune Cell Infiltration Analysis

Using the Cibersort deconvolution algorithm, we calculated immune cell infiltra-
tion in EAT tissues from CAD and non-CAD patients in the GSE64554 dataset.
The study found that naive CD4+ T cell abundance was significantly increased
(P = 0.048) while resting dendritic cell abundance was significantly decreased
(P = 0.044) in CAD patients’ EAT compared to controls.

[Figure 13: see original paper] shows bar plot of immune cell infiltration in EAT
tissue from GSE64554 dataset. [Figure 14: see original paper] shows violin plot
of immune cell infiltration in EAT tissue from GSE64554 dataset (red = CAD
group, blue = normal control group).

2.2 Differentially Expressed Genes Between CAD and Non-CAD Pa-
tients in Exosomes

Using the “limma” package, we identified differentially expressed genes between
CAD and non-CAD patients in exosomes. With thresholds of P < 0.05 and |log
fold change| > 1, 1,658 differentially expressed genes were obtained, including
278 upregulated and 1,380 downregulated genes.

[Figure 15: see original paper] shows volcano plot of differentially expressed
genes between CAD and non-CAD patients in exosomes. [Figure 16: see original
paper] shows heatmap of differentially expressed genes between CAD and non-
CAD patients in exosomes.
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2.4 Epicardial Adipose Tissue-Derived Exosomes

As one of the largest sources of exosomes in the human body, adipose tissue may
participate in AS disease progression through exosomes. The intersection of dif-
ferentially expressed genes between CAD and non-CAD patients in both EAT
and exosomes was visualized in a Venn diagram, yielding 129 genes (16 upreg-
ulated, 113 downregulated). After screening, BPI, BIRC5, CXCL12, RNASEI,
and F2R were selected as key genes and validated by rt-qPCR.

[Figure 17: see original paper] shows Venn diagram of differentially expressed
genes in EAT tissue and exosomes from CAD patients.

2.5 Validation of Differentially Expressed Genes from Epicardial Adi-
pose Tissue-Derived Exosomes

Peripheral blood was collected from CAD patients and healthy controls, and
qRT-PCR was used to validate mRNA levels of EAT-derived exosome genes BPI,
BIRC5, CXCL12, RNASEL, and F2R. The results showed significant changes in
expression levels of all five selected genes in CAD patients compared to controls.
Specifically, mRNA levels of BPI, BIRC5, CXCL12, and RNASE1 were signifi-
cantly increased (P < 0.05), while F2R mRNA level was significantly decreased
(P < 0.05).

Expression of differential genes in exosomes from CAD and non-CAD
patients (X + s)

Table 1: Expression of key genes from epicardial adipose tissue-
derived exosomes in peripheral blood

Group n BPI BIRC5 CXCL12 RNASE1 F2R
CAD 10 214+ 198 + 291 4+ 089 447 4+ 1.56 0.45 +
0.32 0.23 0.06
Non-CAD 10 099+ 1.02 £ 1.14 + 044 1.28 + 0.56 1.00 +
0.17 0.11 0.12
Significance 0.10 0.07 0.07 0.052 0.058
Discussion

Cardiovascular disease has become a major cause of mortality, disability, and
increasing medical costs in China, representing a significant public health chal-
lenge. Therefore, identifying novel diagnostic targets to provide theoretical
references for precise clinical treatment of CAD patients is of great importance.
Epicardial adipose tissue, as a special type of adipose tissue anatomically ad-
jacent to coronary arteries, transforms into an inflammatory phenotype under
pathological conditions and participates in AS pathophysiological processes in-
cluding vascular endothelial injury, vascular remodeling, and immune cell ad-
hesion through secretion of pro-inflammatory cytokines and exosomes. The
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inflammatory response of EAT represents a novel diagnostic and therapeutic
target for atherosclerosis [5]. Evangelos et al. applied the epicardial fat attenua-
tion index (FAI) using radiomics technology for early screening of CAD patients
[12], while the widely clinically used sodium-glucose cotransporter 2 (SGLT-2)
inhibitor dapagliflozin can reduce cardiovascular events in diabetic patients by
alleviating EAT inflammation [13]. However, the mechanisms of EAT action in
CAD require further investigation.

First, we identified 1,511 differentially expressed genes between CAD and con-
trol groups in EAT from datasets GSE64554 and GSE120774. Enrichment anal-
ysis revealed that differentially expressed genes were mainly enriched in cy-
tosol, MHC protein complex, MHC class II protein complex, RNA degradation,
antigen processing and presentation. Atherosclerosis is currently considered a
chronic inflammatory disease, and MHC class II presents antigens to T cells,
playing a role in inflammatory processes and CAD progression through antigen
recognition, cell activation, and cytokine production [14]. Through Metascape
enrichment analysis using the TRRUST database, we predicted that the MHC
class IT transactivator (CIITA) may play an important regulatory role in EAT.
Studies have shown that CIITA participates in AS by regulating MHC class
IT transcription through post-translational modifications including methylation
[15] and deacetylation [16,17]. Through immune cell infiltration analysis, we
found increased naive CD4+ T cell abundance in CAD patients’ EAT. As early
as 2015, Salvador Lborra et al. [18] demonstrated that atherosclerosis severity
could be assessed by observing in vitro differentiation of naive CD4+ T cells,
and Gaddis DE et al. [19] showed that atherosclerosis impairs naive CD4+ T
cell function by affecting glycolysis. In summary, MHC class II plays an impor-
tant role in AS, but its function and regulatory mechanisms in EAT of CAD
patients require further study.

By screening differentially expressed genes between CAD and control EAT and
constructing a weighted gene co-expression network, we identified ten key genes
involved in CAD pathophysiology in EAT: DDX47, FEM1C, NOL11, SRP54,
ABI1, PATL1, BNIP2, Clorf159, CHCHD4, and RPS27A. Currently, only some
key genes have been found to play roles in cardiovascular disease. Xiaxiaodong
et al. [20] identified the immune-related gene RPS27A as potentially involved in
AS pathogenesis through bioinformatics analysis. Huangjing et al. [21] indicated
that RPS27A is a key gene in diabetic retinopathy and closely related to naive
CD4+ T cells. Li et al. [22] found that MBNL1 regulates smooth muscle cell
phenotype switching in AS through alternative splicing of ABI1. Therefore,
further cellular and animal experiments are needed to validate the differential
expression and functions of these key genes in EAT.

Exosomes derived from endothelial cells, smooth muscle cells, cardiomyocytes,
adipocytes, and platelets play important roles in ischemia-reperfusion injury,
vascular calcification, atherosclerosis, and cardiac remodeling by transporting
proteins, RNA, DNA, and other bioactive substances, representing novel diag-
nostic and therapeutic targets for CAD [23]. Adipose tissue is one of the largest
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sources of circulating exosomes [24], and perivascular adipose tissue is a special
type of epicardial adipose tissue [25]. Liuyi et al. [26] found that miR-382-5p
in perivascular adipose tissue-derived exosomes regulates foam macrophage for-
mation through the ABCA1/ABCGI signaling pathway. Li Xinzhi et al. [27]
discovered that miR-221-3p in perivascular adipose tissue-derived exosomes par-
ticipates in AS through vascular remodeling. Zhao Qi et al. [7] found that
mangiferin-stimulated perivascular adipose tissue-derived exosomes can improve
endothelial dysfunction in AS. Therefore, EAT-derived exosomes have important
research value in AS.

To further explore the mechanisms of EAT in coronary atherosclerotic heart dis-
ease, we intersected differentially expressed genes between CAD and healthy con-
trols in both EAT and exosomes, obtaining 129 genes. After screening for highly
expressed and significant genes, we selected RNASE1, BPI, BIRC5, CXCL12,
and F2R. The first four genes were upregulated in CAD patients.

Ribonuclease 1 (RNasel) is a secreted heat-resistant protein with potent car-
dioprotective functions [28] and serves as a key regulator of vascular home-
ostasis by protecting endothelial cells from inflammatory injury [29]. In CAD,
EAT may release RNasel via exosomes to regulate inflammatory injury in coro-
nary endothelial cells. The angiogenic chemokine CXCL-12 is closely associated
with atherosclerosis [30] and protects vascular homeostasis through smooth mus-
cle cell phenotype transformation via the CXCL12-CXCR4 axis [31]. Specific
overexpression of macrophage IGF-1 increases atherosclerotic plaque stability
by reducing CXCL12-mediated monocyte recruitment and increasing ABCA1-
dependent macrophage lipid efflux [32], though no studies have investigated
exosomal CXCL12. BIRCS is a member of the inhibitor of apoptosis (IAP)
family. Li et al. [33] found through single-cell sequencing of mouse carotid ar-
teries that BIRC5 may be associated with macrophage aggregation induced by
disturbed blood flow. As early as 2002, polymorphisms in BPI were reported to
be closely associated with myocardial infarction [34], and Onno B Bleijerveld et
al. [35] identified BPI as a biomarker for severe atherosclerotic coronary stenosis
through deep proteomic analysis of circulating granulocytes, suggesting BPI as
a marker for advanced CAD and predictor of acute cardiovascular events. Coag-
ulation factor IT receptor (F2R) is a key regulator of vascular wall inflammation
and thrombosis, and its polymorphism is closely related to clopidogrel efficacy
[36], though few studies have investigated F2R in AS.

In summary, this study identified ten key genes (DDX47, FEM1C, NOLI11,
SRP54, ABI1, PATL1, BNIP2, Clorf159, CHCHD4, RPS27A) and validated
five genes potentially derived from EAT exosomes (RNASE1, BPI, BIRC5,
CXCL12, F2R) for their diagnostic significance in CAD. Additionally, we ex-
plored immune cell infiltration in CAD patients’ EAT, providing theoretical
support for basic research on atherosclerotic heart disease.
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