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Abstract

Background Atherosclerosis and metabolic syndrome are the main causes of cardiovascular events, but their
underlying mechanisms are not clear. In this study, we focused on identifying genes associated with diagnostic
biomarkers and effective therapeutic targets associated with these two diseases.

Methods Transcriptional data sets of atherosclerosis and metabolic syndrome were obtained from GEO database.
The differentially expressed genes were analyzed by RStudio software, and the function-rich and protein-protein
interactions of the common differentially expressed genes were analyzed.Furthermore, the hub gene was screened
by Cytoscape software, and the immune infiltration of hub gens was analyzed. Finally, relevant clinical blood samples
were collected for gRT-PCR verification of the three most important hub genes.

Results A total of 1242 differential genes (778 up-regulated genes and 464 down-regulated genes) were screened
from GSE28829 data set. A total of 1021 differential genes (492 up-regulated genes and 529 down-regulated genes)
were screened from the data set GSE98895. Then 23 up-regulated genes and 11 down-regulated genes were
screened by venn diagram. Functional enrichment analysis showed that cytokines and immune activation were
involved in the occurrence and development of these two diseases. Through the construction of the Protein—Protein
Interaction(PPI) network and Cytoscape software analysis, we finally screened 10 hub genes. The immune infiltration
analysis was further improved. The results showed that the infiltration scores of 7 kinds of immune cells in GSE28829
were significantly different among groups (Wilcoxon Test < 0.05), while in GSE98895, the infiltration scores of 4 kinds
of immune cells were significantly different between groups (Wilcoxon Test < 0.05). Spearman method was used to
analyze the correlation between the expression of 10 key genes and 22 kinds of immune cell infiltration scores in two
data sets. The results showed that there were 42 pairs of significant correlations between 10 genes and 22 kinds of
immune cells in GSE28829 (|Cor| > 0.3 & P <0.05). There were 41 pairs of significant correlations between 10 genes
and 22 kinds of immune cells in GSE98895 (|Cor| > 0.3 & P<0.05). Finally, our results identified 10 small molecules with
the highest absolute enrichment value, and the three most significant key genes (CX3CRT, TLR5, IL32) were further
verified in the data expression matrix and clinical blood samples.
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with MS.

Conclusion We have established a co-expression network between atherosclerotic progression and metabolic
syndrome, and identified key genes between the two diseases. Through the method of bioinformatics, we finally
obtained 10 hub genes in As and MS, and selected 3 of the most significant genes (CX3CR1, IL32, TLR5) for blood PCR
verification. This may be helpful to provide new research ideas for the diagnosis and treatment of AS complicated

Keywords Atherosclerosis, Metabolic syndrome, Immune infiltration

Introduction

Atherosclerosis (AS) is a systemic disease with limited
manifestations, and it is also one of the main causes of
cardiovascular disease (CVDs) and one of the leading
causes of death worldwide [1]. With the occurrence and
development of atherosclerosis, it will lead to more seri-
ous cardiovascular adverse events, such as acute myocar-
dial infarction and acute stroke, and even fatal sudden
cardiac death [2, 3]. Therefore, the diagnosis and timely
treatment of high-risk plaques in patients is of great sig-
nificance to reduce cardiovascular events [4].

Metabolic syndrome (MS) is a chronic non-infec-
tious syndrome characterized by a series of vascular
risk factors, including insulin resistance, hypertension,
abdominal obesity, impaired glucose metabolism and
dyslipidemia.These risk factors are caused by pro-
inflammatory state, oxidative stress, hemodynamic dys-
function and ischemia [5]. At the same time, MS plays
an important role in the process of atherosclerosis, and
clustering of related risk factors may increase the risk of
atherosclerotic injury. There is a correlation between MS
components and the progression of atherosclerosis, and
atherosclerosis is the main cause of cardiovascular death
[6]. Previous studies have identified and verified the coex-
pression of genes between AS and Diabetes [7]. However,
for Metabolic Syndrome, which is more complex than
Diabetes, there is less systematic relationship between AS
and MS at the genetic level. So identifying new diagnostic
markers and related treatment targets is of particular sig-
nificance for the diagnosis and new treatment of patients
with atherosclerosis and metabolic syndrome.

To further explore the potential interaction between
AS and MS, we have obtained a database (Gene Expres-
sion Omnibus database, GEO) containing early and
advanced / late atherosclerotic plaques (GSE28829) and a
Metabolic Syndrome (GSE98895) related expression pro-
file from the gene expression data sets. After the differ-
ential analysis of the samples of AS and MS, the related
differentially expressed genes were obtained. At the same
time, the AS-related differential genes were intersected
with MS-related differential genes, and the common dif-
ferential genes were identified by Gene Ontology (GO)/
Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment analysis and the Protein—Protein Interaction
(PPI) interaction network. The key genes were obtained

by Cytoscape software, and the clinical related blood
samples were collected for verification.

Materials and methods

Data acquisition and download

The study flowchart is shown in Fig. 1. In the methodol-
ogy of our study, multiple database were procured from
the Gene Expression Omnibus (GEO, https://www.ncbi.
nlm.nih.gov/geo/) database to carry out comprehensive
analyses.The GSE28829 (Last update: Mar 25, 2019) ath-
erosclerosis data set was selected, including 13 early (inti-
mal thickening and intimal xanthoma) and 16 late (thin or
thick fibrous cap) carotid plaque samples. And GSE98895
(Last update: Jul 25, 2021) Metabolic Syndrome data set,
including 20 metabolic syndrome patients’ peripheral
blood monocyte sequencing data and 20 non-metabolic
syndrome patients’ data sets were included in the analysis
(Table 1).

Differentially expressed gene identification

To achieve a comprehensive and consistent analysis of
our multi-dataset genomic study, several strategic meth-
odologies were employed. Initially, addressing potential
batch effects was imperative, particularly as they could
arise from diverse experimental conditions or unfore-
seen technical discrepancies. The R software (4.2.1) is
used for data processing. GSE28829 and GSE98895 are
downloaded from the GEO database through the GEO-
query package. Standardize the data again through the
normalizeBetweenArrays function of the Limma pack-
age to remove the probe corresponding to multiple mol-
ecules. We have matched probes and gene symbols via
the Bioconductor package [8] with the corresponding
annotation document; when the probe corresponding to
the same molecule is encountered, only the probe with
the largest signal value is retained, and the visualization
of the difference result.-We Used the Limma package to
analyze the difference between the two groups, only the
genes with P<0.05 and |logFC|> 0.5 are considered to be
meaningful differentially expressed genes (DEGs). The
results of difference analysis are visualized by heatmap,
and the significantly expressed molecules are visualized
in the form of volcano plot.
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Table 1 Summary of the datasets used in this study

GEO Platform  Tissue Type Sam-

Accession ples

GSE28829  GPL570 Early and advanced atheroscle- 13VS16
rotic plaques

GSE98895 GPL6947 Peripheral blood mononuclear 20VS20

lymphocytes in healthy people
and patients with metabolic
syndrome

Enrichment analysis of common DEGs

Overlap the common up-and down-regulated signifi-
cant DEGs shared by GSE28829 and GSE98895 datasets,
and the results are shown using the venn diagram.The
overlapping genes were enriched and analyzed by Gene
Ontology (GO) [9] and Kyoto Encyclopedia of Genes and
Genomes (KEGG) [10] using R software clusterProfiler
package.

Construction of PPl interaction network and screening of
HUB genes

The Protein—Protein Interaction (PPI) network is a math-
ematical representation of the physical relationship of
candidate genes at the protein level, which is mainly used
to further understand the pathogenesis of diseases and
drug-related therapeutic targets [11, 12]. PPI network
was based on STRING database (https://cn.string-db.
org), and its minimum interaction score (comprehensive
score>0.15). Interactive information was downloaded
and used Cytoscape software (version 3.9.2) to visualize.
The plug-in MCODE (version 2.0.2) was used to find the
central sub-network of the protein-protein interaction
network, and the node gene contained in the central sub-
network with the highest score was selected as the hub
genes.

Immune infiltration and immune correlation analysis of
HUB genes

Based on the expression profile data sets of GSE28829
and GSE98895, the relative scores of immune infiltra-
tion of 22 kinds of immune cells in all samples of the two
data sets were evaluated by Cibersort method in R packet
IOBR [13]. Then, combined with the sample grouping
information of the data set, the differences of immune
infiltration scores between Early atherosclerotic plaques
group and Advanced atherosclerotic plaques group in
GSE28829 and between MS group and Control group in
GSE98895 were compared and analyzed. Based on the
results of hub genes identification and immune infiltra-
tion analysis, Spearman method was used to analyze the
correlation between the expression of 10 key genes and
22 kinds of immune cell infiltration scores in two data
sets.
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Verification of HUB genes expression

All identified hub genes were further verified by
GSE28829 and GSE98895 to avoid false positive rates.
Wilcox test was used to compare the early group and the
late group, the MS group and the non-MS group. P<0.05
means that the difference between groups is statistically
significant.

Clinical specimen collection and qRT-PCR analysis

In this study, consecutive patients who were hospitalized
in the Heart Center of the first affiliated Hospital of Xin-
jiang Medical University from January 2023 to Septem-
ber 2023, all the participants were uniformly informed
of the purpose of the study by the doctor before admis-
sion, and all the patients signed the informed consent
form before participating in this study. Through the fur-
ther integration of the diagnosis, examination and other
information of the patients, the people who accord with
the diagnosis of metabolic syndrome and improve the
carotid artery ultrasound examination are selected and
included in this study. Metabolic syndrome is defined as
any three or more of the following: Waistline>102 cm
in men and >88 cm in women; Blood Pressure>130/85
mmHg or taking medication; Fasting Blood Glucose
(FPG)=110 mg/dL or taking medication; Triglyceride
(TG)2=150 mg / dL; HDL-C<40 mg / dL in males and
<50 mg / dL in females [14]. Exclusion criteria: acute
coronary syndrome, moderate / severe valvular dis-
ease, acute decompensation and / or severe heart fail-
ure, acute / chronic inflammatory infectious diseases,
inflammatory / autoimmune diseases, severe liver and
kidney diseases, hematological diseases and malignant
tumors, and patients exposed to alcohol or other drugs.
This study was approved by the Ethics Committee of the
first affiliated Hospital of Xinjiang Medical University
(approval number: 20220308-105). RNA was extracted
from peripheral blood using Trizol reagent (Invitgen, US)
and cDNA was synthesized using reverse transcription
kit (Applied Biological Systems). Real-time quantitative
polymerase chain reaction was carried out on BioRad
CEX96 using KAPA SYBR Green FAST BioRad Cycler
Kapa kit (PeqLab). The expression of target genes was
detected by 2—AA-B-actin Ct method. Primer sequence:
CX3CRI: 5-CTGCCTCTTAGACTTCTG-3 (forward),
5-GGCTATCACTCTGTAGAC-3 (reverse). IL-32: 5’-CG
ACTTCAGAGTGCATGTT-3'(forward),5-TGTTGCCT
CTGAGTCGTAATTC-3 (reverse). TLR5: 5-"TCTCCAG
GATGTTGGCTGGTTTCT-3 (forward), 5-AAAGTTC
TTGGCTCACTAGGGCGA-3'(reverse).

Statistical analysis

Rstudio (4.2.1) software was used for drawing and sta-
tistical analysis. The continuity variable is expressed by
meanzstandard deviation (SD) or median (P25 and P75).
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Classification variables are expressed by the number of
cases and percentage (%). P<0.05 indicated statistical
significance.

Results

Co-Expression differential genes of AS and MS

To identify genes co-expressed in AS and MS, the micro-
array data came from two data sets: GSE28829 (13 early
and 16 late plaque samples) and GSE98895 (20 metabolic
syndrome and 20 non-metabolic syndrome patients) for
training sets (Table 1). After the normalization and loga-
rithmic processing of the data, the probes without anno-
tated information are removed, and the R software was
used to calculate the average value in the presence of
repeated expression data. The genes with screening crite-
ria of P<0.05 and | logFC | > 0.5 were identified as DEGs.
A total of 1242 differential genes (778 up-regulated genes
and 464 down-regulated genes) were screened from
GSE28829 data set (Fig. 2A-B). A total of 1021 differen-
tial genes (492 up-regulated genes and 529 down-regu-
lated genes) were screened from the data set GSE98895
(Fig. 2C- D). The differential expression results are visual-
ized by heatmap and volcano plot respectively. Then, we
extracted the co-expressed genes between the two data
sets, and screened 23 up-regulated and 11 down-regu-
lated genes as potential crosstalk genes by Venn diagram,
indicating that there may be a common pathogenesis
between AS and MS (Fig. 2E).

Functional enrichment analysis of Co-Expression
differential genes

In order to further analyze the biological functions and
pathways of common differential genes, we used R soft-
ware clusterProfiler package to analyze the enrichment
of GO and KEGG.In GO enrichment, overlapping dif-
ferential genes were enriched into three types of func-
tions: BP (biological process), MF (molecular function)
and CC (cellular component), with a total of 1354 items
(MF: 123; CC: 62; BP: 1169). The results indicate that BP
mainly in positive regulation of cytokine production, leu-
kocyte cell—cell adhesion, regulation of interleukin—1
production, regulation of interleukin—1 beta production,
interleukin—1 production, interleukin—1 beta produc-
tion. CC is primarily in focal adhesion, external side of
plasma membrane, cell—substrate junction, ruffle. MF is
primarily in guanyl—nucleotide exchange factor activity
(Fig. 3A-B-C).

In KEGG enrichment, 75 pathways were enriched by
overlapping differential genes.The results show the top 10
pathways in p.adjust, including Prolactin signaling path-
way, Pathogenic Escherichia coli infection, JAK—STAT
signaling pathway, Cytokine—cytokine receptor interac-
tion, Yersinia infection, PD—L1 expression and PD-1
checkpoint pathway in cancer, Neurotrophin signaling
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pathway, Insulin resistance, C—type lectin receptor
signaling pathway, Adipocytokine signaling pathway
(Fig. 3D).

Construction of PPl interaction network and screening of
HUB Genes

In order to further clarify the interaction of differential
genes between AS and MS, based on 34 differentially
expressed genes, we used STRING database prediction
(Confidence>0.15), protein interaction network and
Cytoscape for visualization.Among the 34 differential
genes, 30 genes could predict 98 interactions. Then, we
used the Cytoscape software MCODE algorithm to find
the central sub-network of the protein-protein interac-
tion network, and select the node genes contained in
the central sub-network with the highest score as the
core genes.The results showed that 10 genes including
APOBEC3G, CD27, CX3CRI1, GZMA, IL32, IRFI, JAK2,
MNDA, PTPN11 and TLRS were identified as key genes
(Fig. 4).

Immune infiltration and immune correlation analysis of
HUB genes
Immunity plays a key role in atherosclerosis and meta-
bolic syndrome. In order to clarify the interaction
between AS and MS, we compared and analyzed the
difference of immune infiltration score between Early
group and Advanced group in GSE28829 and between
MS group and Control group in GSE98895. The results
showed that there were significant differences in the infil-
tration scores of 7 kinds of immunocytes in GSE28829,
including Plasma cells, T cells CD4 memory resting, T
cells regulatory (Tregs), Monocytes, Macrophages MO,
Macrophages M2 and Dendritic cells activated between
groups (Wilcoxon Test<0.05). In GSE98895, the infil-
tration scores of four kinds of immunocytes, including
T cells CD4 memory resting, NK cells resting, NK cells
activated and Dendritic cells activated, were significantly
different among groups (Wilcoxon Test<0.05) (Fig. 5A).
Based on the results of key gene identification and
immune infiltration analysis, Spearman method was used
to analyze the correlation between the expression of 10
key genes and 22 kinds of immune cell infiltration scores
in two data sets. The results showed that there were 42
pairs of significant correlations between 10 genes and
22 kinds of immune cells in GSE28829 (|Cor| > 0.3 &
P<0.05), and there was a significant correlation between
the immune infiltration score of T cells regulatory (Tregs)
and the expression of 10 genes (Fig. 5B). There were 41
pairs of significant correlations between 10 genes and
22 kinds of immune cells in GSE98895 (| Cor | > 0.3 &
P<0.05). Among them, there was a significant correlation
between the immune infiltration score of T cells CD4
memory resting and the expression of 9 genes (Fig. 5C).
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Verification of HUB genes

In order to further verify the reliability of the selected 10
hub genes, we have chosed to further verify the expres-
sion of 10 hub genes in the GSE28829 and GSE98895
data expression matrix.Results as shown in the Fig. 6, in
the GSE28829 data set, 10 hub genes APOBEC3G, CD27,
CX3CRI1, GZMA, IL32, IRF1, MNDA and TLRS were
up-regulated and statistically significant in advanced /
advanced atherosclerotic tissues, while JAK2 and PTPN11
were down-regulated in advanced atherosclerotic tis-
sues (Fig. 6A). In the GSE98895 data set, APOBEC3G,
CD27, CX3CRI1, GZMA, IL32, IRFI and TLRS5 were up-
regulated in MS patients, while JAK2 and PTPN11 were
down-regulated in MS patients, which were consistent
with the results of AS (Fig. 6B). In order to further clar-
ify the significance of hub gens in patients, A total of 60
patients were randomly selected for this study. According
to the diagnosis of metabolic syndrome complicated with
carotid atherosclerotic plaque, the patients were divided
into control group and case group. The baseline charac-
teristics of all participants are shown in Table 2. There
was no significant difference in total cholesterol, low den-
sity lipoprotein, diastolic blood pressure and serum cre-
atinine between the two groups. The patients in the case
group were older and had more males. BM], triglyceride,
high density lipoprotein, systolic blood pressure, blood
glucose, prevalence of hypertension and prevalence of
diabetes were higher than those in the control group.
Next, we selected the first three up-regulated genes of
hub genes (CX3CRI, IL32, TLRS5), and further detected

their gene expression in peripheral blood by PCR. The
results showed that the expression of these three genes
increased significantly in the case group (Fig. 6C-D-E).

Discussion
There is a close relationship between atherosclerosis and
metabolic syndrome. MS plays an important role in the
occurrence and development of AS. MS is a multiple
risk factor for atherosclerotic cardiovascular disease,
but the specific relationship between MS and AS is not
completely clear.In our study, we used GEO database
to obtain common differential genes between AS and
MS through difference analysis, and used GO/KEGG
functional enrichment analysis to explore their possible
related biological processes. Then we established a PPI
interaction network and identified 10 hub genes using
Cytoscape software. Finally, we performed PCR in GEO
database and plasma of metabolic syndrome patients
with atherosclerosis to further verify the screened hub
gene. Finally, we screened 10 hub genes, and there were
significant differences among patients with AS compli-
cated with MS.

Atherosclerosis refers to the accumulation of fat and
/ or fibrous substances in the innermost layer of the
artery, namely intima. Over time, atherosclerotic plaques
become more fibrous and accumulate calcium miner-
als. Late atherosclerotic plaques can invade the arterial
lumen, hinder blood flow, and lead to tissue ischemia.
Atherosclerosis, which does not produce flow-limiting
blockage, destroys and causes thrombosis, which blocks
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Correlations between immune cells and ten critical genes

the lumen, providing a second pathway to ischemia,
usually more acute. Atherosclerotic cardiovascular dis-
ease (CVDs) is still the leading cause of vascular disease
worldwide. When it affects the circulation of the heart
itself, it can cause acute coronary syndrome or chronic
diseases, including myocardial infarction, such as stable

angina pectoris (chest pain or discomfort caused by
insufficient myocardial perfusion). Atherosclerosis causes
many ischemic strokes and transient ischemic attacks. It
can lead to the formation of aneurysms, including those
on the abdominal aorta. When it affects the peripheral



Xie et al. BMC Cardiovascular Disorders (2024) 24:405

A

Page 10 of 14

TYPE E Advanced EJ Early

M9 . - - - . - N

TYPE EJ Control E3 MS

wxx

9 . - 10
5 S
8 . 4 %
8 o
2 . . S é . ﬁ
57 e ° . . § 8 $
2 S .
3 . . . o %
.
o - HL $$é i $
. .
O A ~ < & ~ X ~ © (Y & ~ g & QO @, g N )
o5 & < S ¥ & Q N & 58 E S I & 9 3 Q
g oFgsTEsdss gogeTesdgd
9 @) Q QO @)
§ §
Type Es3 As+Ms & Control Type B As+MS E& Control
0.00011 3.3e-06
I 1 T 1
L] L] .
2.5 N ° .,
= 1.84
.: .
Te® o
EZO‘ w0 .
8 5 1.51 . f
x L]
o o« %
| %
®
1.54 <
* . 1.2 .
..
L]
1.04 . .
AS+MS Control ASHMS Control
Type
Type
Type B As+MS & Control
3.3e-06
1
1.54
*
o~ .
o«
=
1.0
“L -
e
L]
AS+MS Control
Type

Fig. 6 Verification of hub genes. (A) Verification of hub Gene in AS dataset. (B) Verification of hub Gene in MS data set.(C-E) PCR results of CX3CRT, TLR5

and /L32 in Human Blood samples



Xie et al. BMC Cardiovascular Disorders (2024) 24:405

Table 2 Baseline characteristics of patients

Case(n=30) Control(n=30) PValue
Age (years) 60.30+ 1246 52.23+8.79 <0.05
Gender (male) 19(63.3%) 9(26.7%) <0.05
BMI (kg/m2) 27.31(26.43,2882) 21.70(19.95,22.97) <0.001
Total cholesterol 3.94(3.16,4.35) 448(3.52,4.66) 0.19
(mmol/L)
Triglycerides 2.21(1.64,2.78) 0.99(0.65,1.52) <0.001
(mmol/L)
LDL cholesterol 2.36(1.99,341) 2.53(1.93,2.88) 0.593
(mmol/L)
HDL cholesterol 0.84(0.71,0.96) 1.23(1.10,1.42) <0.001
(mmol/L)
SBP(mmHg) 135.5(122.75, 116.15(109.75, <0.001

145.25) 123.25)
DBP(mmHQ) 79(71.75,84.25) 75.5(69, 80) 0.131
Blood 6.13(4.83,7.09) 4.63(4.23,5.06) <0.05
sugar(mmol/L)
HbATc (%) 6.10(5.5, 6.96) 5.66(5.5,5.81) 0.048
Creatinine(umol/L)  67.90(57.26,85.11)  65.95(51,71.03) 0.107
Hypertension (%) 27(90%) 5(16.7%) <0.001
Diabetes mellitus 12(40%) 1(3.3%) <0.001

(%)

artery, it can cause intermittent claudication, ulcers and
gangrene, endangering the viability of the limbs [15].

MS is a multiple risk factor associated with meta-
bolic abnormalities [16]. MS is characterized by a series
of interrelated risk factors for atherosclerosis, includ-
ing insulin resistance, hypertension, abdominal obesity,
impaired glucose metabolism and dyslipidemia, which
share the risk of ASCVD.Having three or more of these
ingredients will make it possible for a person to have MS
[17]. Detailed understanding of the components of MS
is essential for the development of effective prevention
strategies and appropriate intervention tools, which can
curb its increasing prevalence and limit its complications.
Hyperglycemia is considered to be a component of MS.
It is described as a steady state with higher-than-normal
plasma glucose levels after overnight fasting.The under-
lying pathophysiological mechanism is the interaction
between pancreatic B-cell dysfunction and peripheral
and hepatic IR, which leads to abnormal hepatic glucose
production [18]. Due to the use of insulin or hypoglyce-
mic drugs, diabetic patients rarely die of hyperglycemia;
on the contrary, 75% of diabetic patients die directly
from cardiovascular disease [19]. The risk of cardiovas-
cular disease in patients with diabetes is 2—4 times higher
than that in the general population [20]. Hypertension
is another important component of MS, which exists
in up to 1/3 of MS patients.There is evidence that even
if there is no T2DM, MS can increase the risk of cardio-
vascular morbidity and mortality in patients with hyper-
tension [21]. Blood pressure level is closely related to
visceral obesity and insulin resistance, which is the main
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pathophysiological feature of MS. The higher level of sys-
tolic blood pressure may reflect the progressive harden-
ing of arterial wall, the change of vascular structure and
the development of atherosclerosis [22]. Obesity is a mul-
tifactorial chronic disease characterized by fat deposition
in new adipocytes and enlargement of existing cells [23].
Obesity is a chronic inflammatory state that produces
a variety of cytokines and inflammatory markers that
increase the risk of cardiac metabolism and metabolism-
related diseases [24, 25]. Obesity can be quantified by
body mass index (BMI), which is determined by weight
(kg) divided by height squared (m2) (kg/m2). The BMI
index is determined by weight (kg) divided by height
squared (m2). A better way to define obesity is by the per-
centage of total body fat [26]. Body fat percentage mea-
surements are rarely used because of inconvenience and
cost, so the best way to estimate obesity is to calculate
the waist circumference (WC). This is because excessive
abdominal fat is closely related to metabolic risk factors.
Waist circumference ratio (WHR) is an alternative indi-
cator of central obesity. Compared with BMI [27] and
WC [28], WHR is a superior indicator of CVD risk. Stud-
ies have shown that each additional unit of BMI increases
the risk of cardiovascular disease by 8 per cent [29]. In
addition, for every 0.01 unit increase in waist width
ratio for both men and women, the risk of cardiovascu-
lar events increased by 5% [28]. Therefore, these simple
indicators of abdominal obesity should be included in the
risk assessment of cardiovascular disease. Weight control
through lifestyle changes is considered to be an effective
strategy to achieve and maintain a healthy weight.Lipid
abnormality is a sign of MS, which is characterized by an
increase in plasma triglyceride concentration, a decrease
in high density lipoprotein cholesterol (HDL-C) and an
increase in low density lipoprotein cholesterol (LDL-C).
Dyslipidemia is generally considered to be an indepen-
dent risk factor for atherosclerosis [30]. Low plasma
HDL-C level and hypertriglyceridemia are independently
and significantly correlated with myocardial infarction in
patients with MS [31]. Therefore, in our study, we found
10 meaningful hub genes between the common differen-
tially expressed genes of AS and MS, and verified by PCR
by collecting relevant clinical blood samples. the results
showed that there were significant differences in hub
genes between patients and non-patients. We focused on
the three key genes we verified.

CX3CRI is the receptor of CX3CL1, which is a G
protein coupled receptor (GPCR). It has seven trans-
membrane (TM?7) transmembrane regions. Under
the condition of flow in vitro, CX3CRI receptor can
mediate the tight adhesion of cells to fixed fractal-
kine. CX3CRI1 exists in many early leukocyte cells, and
CX3CRI-CX3CLI1 signal transduction plays different
functions in different tissue regions, such as immune



Xie et al. BMC Cardiovascular Disorders (2024) 24:405

response, inflammation, cell adhesion and chemotaxis
[32]. CX3CRI-CX3CLI signal transduction mediates
cell migration function (through similarity). Responsible
for recruiting natural killer (NK) cells into inflamed tis-
sue (through similarity).Promote cell survival (through
similarity) by mediating macrophages and monocytes to
recruit inflamed atherosclerotic plaques as regulators of
the inflammatory process that leads to atherosclerosis.
CX3CL1 and CX3CRI play a role in many inflammatory
diseases. It has been suggested that CX3CRI partici-
pates in the pathogenesis of these diseases by promoting
the migration of monocytes or lymphocytes expressing
CX3CRI. In contrast, the role of CX3CRI and atheroscle-
rosis has been clearly confirmed [33, 34].

Interleukin-32 (IL32) is described as a pro-inflamma-
tory cytokine, which is involved in the pathogenesis of
many inflammatory diseases. It is known to play a role
in rheumatoid arthritis because it can induce TNF a, a
major cytokine in Rheumatoid Arthritis. In addition, IL-
32 helps to induce other pro-inflammatory mediators,
such as procoagulant, pro-inflammatory and cytokine
effects of IL-1 f when siRNA reduces IL-32 levels, such as
IL-1 B-induced ICAM-1 production, which also signifi-
cantly reduces the up-regulation of ICAM-1 in human
umbilical cord endothelial cells (HUVECs) induced by
IL-1 f3, so it is considered that JIL32 plays an important
role in the process of atherosclerosis [35, 36]. At the
same time, /L-32 is also highly expressed in T cells and is
known to play an important role in the late stage of ath-
erosclerosis, characterized by plaque instability and rup-
ture. In view of these facts, IL-32 is an important factor
promoting the development of CVD in individuals with
chronic inflammatory diseases.

TLR5 is the extracellular receptor of bacterial flagel-
lin and is widely expressed in almost all tissue types.In
addition to one or more exogenous stimuli, most tlr also
respond to specific endogenous ligands [37]. Although
most of the endogenous ligands of TLRs9 have been
described, there is a lack of equivalent ligands for TLRS.
Since many exogenous TLR ligands are expressed in ath-
erosclerotic lesions, flagellin may also play a role in the
development of atherosclerosis.Related studies show
that TLRS5 deficiency can reduce the formation of ath-
erosclerosis in LDLr-/-mice [38]. In addition, the plaques
of these mice contained fewer macrophages and smaller
necrotic cores than mice that received W'T bone marrow.
These results are also expressed, that is, the role of TLRS
in atherosclerotic plaque formation and inflammatory
cell accumulation [39, 40].

Atherosclerosis is increasingly regarded as an inflam-
matory disease because the inflammatory process
plays an important role in all stages of plaque develop-
ment. It is also considered as a possible mechanism for
the adverse consequences of MS [41]. In fact, the level
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of inflammation in patients with MS may help identify
patients who are at high risk of adverse consequences.
Inflammation can increase OS by oxidative modifica-
tion of LDL [42]. The immune response to these modi-
fied lipoproteins drives the pathogenicity of plaques by
releasing pro-inflammatory mediators, leading to chronic
inflammation. Oxidized LDL atherosclerotic products
induce the formation of foam cells and fat stripes in the
vascular wall, which is a sign of the beginning of athero-
sclerosis [43]. Therefore, in our study, we analyzed the
immune infiltration of atherosclerosis and metabolic syn-
drome at the same time, and analyzed the correlation of
immune infiltration of the screened hub gene.

However, our study still has some limitations, first of
all, the data are derived from the GEO public database,
rather than RNA-seq through patient specimens, there
are some information differences. Secondly, this study
is a single-center study, in the clinical verification stage
of the sample, the sample size is limited, our results only
select the more prominent three genes in the clinical
samples for verification.In addition, further animal and
cellular studies are needed to confirm the function and
mechanism of these genes.

Conclusion

In this study, we have established a co-expression net-
work between atherosclerotic progression and metabolic
syndrome, and identified key genes between the two dis-
eases. Through the method of bioinformatics, we finally
obtained 10 hub genes in atherosclerosis and metabolic
syndrome, and selected 3 of the most significant genes
(CX3CRI, IL32, TLR5) for blood PCR verification. This
may be helpful to provide new research ideas for the
diagnosis and treatment of AS complicated with MS.
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