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FOSB is a key factor in the genetic link
between inflammatory bowel disease
and acute myocardial infarction: multiple
bioinformatics analyses and validation

Qingan Fu'f, Tianzhou Shen'", Weihan Qiu?", Yanhui Liao', Miao Yu" and Yue Zhou'"

Abstract

Background Inflammatory Bowel Disease (IBD), which includes Crohn's disease and ulcerative colitis, is associated
with an increased risk of Acute Myocardial Infarction (AMI). The genetic mechanisms underlying this link are not well
understood.

Methods \We downloaded IBD and AMI-related microarray datasets from the NCBI Gene Expression Omnibus (GEO)
database. Differentially expressed genes (DEGs) were identified and analyzed using enrichment analysis and Weighted
Gene Co-expression Network Analysis (WGCNA). Machine learning techniques, including LASSO, random forest, and
Boruta, were employed to screen for hub genes. These genes were validated through gRT-PCR and Western blotting.
Single-cell sequencing was used to confirm findings. Additionally, potential therapeutic targets were identified using
the Connectivity Map (CMap) database.

Results Five key hub genes—THBD, FOSB, ADGPR3, IL1R2, and PLAUR—were identified as significantly involved in
both IBD and AMI pathogenesis. A diagnostic model for AMI constructed using these hub genes demonstrated high
predictive accuracy. Single-cell sequencing analysis and several potential drugs targeting these hub genes were
identified, offering new therapeutic avenues.

Conclusion This study highlights the crucial role of FOSB and other hub genes in the comorbidity of IBD and
AMI. The findings provide novel insights for early diagnosis and potential therapeutic strategies, emphasizing the
importance of further investigation into these genetic links.

Keywords Inflammatory bowel disease, Acute myocardial infarction, Bioinformatics, Machine learning, FOSB,
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Inflammatory bowel disease (IBD) is a gastrointestinal
disorder characterized by chronic inflammation of the
gastrointestinal tract and persistent immune system dis-
orders. IBD can be divided into two main types: Crohn’s
disease (CD) and ulcerative colitis (UC) [1]. Globally, IBD
affects more than 6.8 million people, with the United
States having the highest age-standardized incidence of
464.5 per 100,000 people, followed by the United King-
dom at 449.6 per 100,000 people [2]. However, in recent
years, the incidence of IBD has continued to rise in newly
industrialized countries, such as those in Asia, Africa and
South America, further burdening the world’s health care
systems [3].

In addition, parenteral manifestations of IBD are also
common and dangerous to patients’ health, with cardio-
vascular disease, malignant tumors, and respiratory dis-
ease being the main parenteral factors leading to death
in IBD patients [4]. Among the parenteral cardiovascu-
lar manifestations of IBD, acute myocardial infarction
(AMI) is the most prevalent and serious complication,
and AMI is one of the leading cause of death, disability,
and reduced quality of life in the world population [5,
6]. In a population-based controlled study, patients with
IBD were three times more likely to have a complication
of AMI than were healthy individuals, and the findings
held after adjusting for variables such as sex and age [7].
In another study involving the prognosis of patients with
IBD, the results showed a significant increase in all-cause
mortality and the rate of recurrent cardiovascular events
in patients with IBD who had experienced an AMI [8].
The occurrence of AMI not only affects the prognosis
of patients with IBD but also imposes a heavy financial
burden on patients, and further studies on the potential
linking mechanisms are urgently needed to reduce the
probability of such complications and improve the prog-
nosis of patients.

Available studies have shown that IBD mediates the
development of AMI by accelerating the process of ath-
erosclerosis mainly through inflammation and immune
system abnormalities. In IBD, mucosal macrophages
secrete large amounts of proinflammatory factors,
such as IL-1b, IL-6, IL-23, and tumor necrosis factor
(TNF), and the increased expression of dendritic cells
also increases the secretion of IL-6 and IL-12 [9, 10].
Increased levels of IL-12/IL-23 shift the in vivo immune
response to an inflammatory T-cell pathway mediated by
Th17 and Th1 responses, which are thought to act syn-
ergistically to accelerate atherosclerosis [11, 12]. Pro-
longed inflammation leads to a hypercoagulable state in
the blood and an increase in the mean platelet volume
(MPV), leading to increased platelet activation and arte-
rial thromboembolic events [13]. In addition, smok-
ing status, changes in intestinal flora, malabsorption of
nutrients leading to vitamin B6 deficiency and elevated
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homocysteine levels in patients with IBD may also con-
tribute to the development of AMI [15-19]. To date, the
biological mechanisms of IBD and AMI are inconclusive,
and further in-depth and multifaceted studies are needed
to provide additional evidence.

In recent years, with the advancement of bioinformat-
ics and machine learning methods, an increasing number
of studies have used bioinformatics and machine learning
to analyze the potential mechanism of action of diseases.
In this study, we first downloaded IBD- and AMI-related
microarray datasets from the NCBI Gene Expression
Omnibus (GEO) public database, used enrichment analy-
sis and weighted gene co-expression network analysis
(WGCNA) methods to identify genes that are differen-
tially expressed between IBD and AMI and their main
functions. The genes obtained in the first two steps were
intersected and further screened for hub genes using
a machine learning approach. A nomogram was con-
structed to evaluate the diagnostic efficacy of the hub
genes, and the differences in the expression of the hub
genes between the AMI patients and controls were also
verified via qRT-PCR and western blotting (WB). On
the basis of the hub genes, we explored the associations
of the hub genes with autophagy, immunity, coagulation,
iron death-related genes and immune cell infiltration.
Finally, SPIDE3 was also used to search the CMap data-
base for drugs that may antagonize the link between IBD
and AMI, and the expression profiles of the hub genes in
single-cell samples from AMI patients were evaluated.
Hopefully, our screening of hub genes and additional
analyses will provide new evidence for the study of the
link between IBD and AMI and possible directions for
further in-depth studies.

Materials and methods

Data sources

The Series Matrix File data file of GSE3365 was down-
loaded from the GEO database (https://www.ncbi.nlm.n
ih.gov/gds) [19], where GPL96 is the license for the anno-
tation platform. With 85 patients in the IBD group and 42
patients in the normal group, a total of 127 sets of tran-
scriptome data were included [20]. The GSE66360 [Plat-
form GPL570 [HG-U133_Plus_2] Affymetrix Human
Genome U133 Plus 2.0 Array] dataset was also obtained
from the GEO database and included 49 patients with
AMI and 50 healthy individuals [21]. The GSE48060 [Plat-
form GPL570 [HG-U133_Plus_2] Affymetrix Human
Genome U133 Plus 2.0 Array] dataset, which included 21
controls and 31 AMI patients, served as the validation set
[22]. The GSE180678 data file was downloaded for single-
cell correlation analysis [23]. The expression profile of
cardiac tissue specimens was obtained from explanted
hearts of adult patients with ischemic cardiomyopathy
undergoing cardiac transplantation. Specific information
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about the dataset is available on the online website, and
the flow chart of the study is shown in Fig. 1.

Identification of differentially expressed genes (DEGs)

The limma R package [24] was applied to compare the
disease and normal groups. The screening cutoff crite-
ria for DEGs were a P value<0.05 and a|log fold change
(FC)|>1. The ggplot2 R package was used to generate vol-
cano maps.

GO, KEGG functional analyses and PPI network of the
significant DEGs

To further clarify the potential pathway enrichment
and functional annotation associated with the DEGs,
Gene Ontology (GO), Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analyses and protein—pro-
tein interaction (PPI) network construction were per-
formed on the DEGs [25]. GO analysis was performed
with the clusterProfiler package [26]. The Metascape
database (www.Metascape.org) was used for annotation
and visualization of the DEGs KEGG analysis and PPI
network [27]. In the GO enrichment analysis, we sorted
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the genes according to the q value to select the top 10
genes.

WGCNA modules and module-trait analysis

WGCNA is often used to identify hub genes in a network
as well as to study the relationship between gene net-
works and disease phenotypes. The top 10,000 genes with
the highest variance in the IBD and AMI datasets were
identified using the WGCNA-R package; based on this,
WGCNA was performed [28]. To evaluate network con-
nectivity, the weighted adjacency matrix was converted
to a topological overlap matrix (TOM), and its clustering
tree structure was constructed using a hierarchical clus-
tering approach. The branches of the clustering tree rep-
resent different gene modules, and the colors represent
the individual modules. Based on the gene expression
profile data, the WGCNA network matrix was further
constructed. The soft-threshold power of B(R2=0.85) was
set to 2 and 11 for IBD and AMI, respectively, and the
minimum module size was 50 to screen the hub modules.
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Machine learning and hub gene screening

First, the intersection of the DEGs and the genes in the
WGCNA hub modules were taken as candidate genes.
The candidate genes were subsequently screened on
this basis using machine learning methods such as the
least absolute shrinkage and selection operator (LASSO,
glmnet package) algorithm [29], random forest (RE,
randomForest package) approach [30, 31], and Boruta
approach [32, 33]. The overlapping genes of the obtained
results were considered the hub genes of the relationship
between IBD and AMI.

Diagnostic and machine learning model construction

To test the efficacy of the hub genes in predicting the
incidence of AMI, we constructed a diagnostic and
machine learning model based on random forest using
the GSE48060 dataset as a validation set. We plotted
ROC curves using the pROC package and examined the
diagnostic power of the hub genes using the area under
the curve (AUC).

Single sample gene set enrichment

A single-sample genomic enrichment analysis (ssGSEA)
was performed using the clusterProfiler package, which
enriched the top five up- and downregulated enrichment
terms in the DEGs of AMI patients as well as the hub
genes.

Potential gene-targeted drugs

We queried the Connectivity Map 2 (CMap2) database
for targeted drugs that may be associated with specific
genes by using SPIED3 (http://www.spied.org.uk/) [34,
35]. In this study, we uploaded overlapping genes from
the DEGs and genes obtained from WGCNA to SPIED3
to predict drugs compounds that may antagonize the
underlying pathogenic mechanisms between IBD and
AML

Single-cell sequencing analysis

For single-cell data analysis, the scRNA-seq data were
filtered by the R package Seurat v4.3 with the following
settings: a gene count per cell >500 and <4000 and a per-
centage of mitochondrial genes<30% [36]. In the dimen-
sionality reduction clustering step, the number of PCSs is
set to 30. In the FindClusters step, the resolution was set
to 0.1. In the RunUMAP step, n.epochs is set to 500, and
umap.method is set to umap-learn. A visual depiction of
the gene expression patterns was generated through the
use of violin plots, whereas uniform manifold approxima-
tion and projection (uUMAP) plots were generated using
Seurat functions, including VInPlot and FeaturePlot.
R software (version 4.2.3) was used for the data analy-
sis, and p<0.05 was considered to indicate statistical
significance.
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qRT-PCR
The experimental samples used in this study were col-
lected from the peripheral blood of eight clinical AMI
patients and eight healthy adults from the Second Affili-
ated Hospital of Nanchang University, Nei. (This study
was conducted in accordance with the principles of the
Declaration of Helsinki and was approved by the Ethics
Committee of the Second Affiliated Hospital of Nan-
chang University, Ethical Review No. IIT-O-2024-040).
Five ml of peripheral venous blood was collected with
sodium heparin anticoagulant blood collection tubes.
The topmost plasma was obtained after centrifugation
at 12,000 rpm/min for 15 min. Total RNA was extracted
from the plasma samples. genomic DNA was removed
from the RNA samples and RNA was reverse transcribed
using PrimeScript FAST RT reagent Kit with gDNA
Eraser (TaKaRa, Code No. 092s). tB Green Premix Ex Taq
II FAST qPCR was performed using TB Green Premix Ex
Taq II FAST qPCR (TaKaRa, Code No. CN830S/A) and
a fluorescence quantitative PCR instrument (Eq. 9600,
Applied Eastwin, CHINA) for real-time fluorescence
quantitative PCR, a total of 40 cycles were performed,
and the mean+standard error of three independent
experiments were calculated and each experiment was
repeated three times.

Western blot

The total protein in plasma was extracted by the plasma
protein extraction kit (Solarbio, EX1170). After determi-
nation of the concentration, equal samples per lane were
loaded and separated by SDS-PAGE, followed by transfer
onto PVDF membranes. After blocking with 5% fat-free
milk powder in TBST buffer, after which the membranes
were incubated overnight at 40C with the following pri-
mary antibodies: 1:1000 rabbit anti-human FOSB (CST,
#2251), 1:500 rabbit (Bioswamp, PAB49027). The excess
primary antibodies were washed 3 x 10 min with TBST,
after which the membranes were incubated either with
1:5000 HRP Conjugated AffiniPure Goat Anti-Rabbit IgG
(H+L) (Boster, BA1055) for 1 h at RT. Finally, the mem-
branes were washed 3 x 10 min with TBST and the pro-
tein bands were detected with the Chemiluminescence
Reagent Kit (ECL, Protein Tech, PK10003) according to
the manufacturer’s instructions.

Statistics analysis

Densitometry analysis of Western Blot (WB) bands was
conducted using Image] software (1.53t) (https://image
j-net/ij). Statistical significance and graph visualization
were conducted in RStudio with R (4.2.3) (https://www.
r-project.org/). The differences between two groups were
analysed by Student’s t-test. Diagrams were plotted by
the R package ggplot2 (3.4.1) and ggprism (1.0.5). Band
intensities were normalized to the loading control, and
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the results were expressed as mean + standard error (SE).
*, ** and *** represent for P<0.05, P<0.01 and P<0.001
respectively.

Results

DEGs in the GSE3365 and GSE66360 datasets

The GSE3365 and GSE66360 datasets were used in the
present study to obtain DEG genes for IBD and AMI,

Page 5 of 16

respectively. We set the screening criteria for both P
values <0.05 and|logFC|>1. Finally, 87 upregulated and
60 downregulated genes were obtained from GSE3365,
and 332 upregulated and 107 downregulated genes were
obtained from GSE66360. Subsequently, we took the
intersection of the genes with high and low expression
obtained from the two datasets and ultimately obtained
33 DEGs (Fig. 2E, E, G).
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Enrichment analysis and PPl network

We performed multiple pathway enrichment analy-
ses on the DEGs obtained. GO enrichment analysis
revealed that GSE3365 was enriched mainly in “cellular
chemotaxis’, “chemokine-mediated signaling pathway’,
and “myeloid leukocyte” The enrichment pathway of
GSE66360 mainly encompasses positive cytokine regu-
lation, response to bacterial-derived molecules, and
cell chemotaxis. According to the results of the KEGG
enrichment analysis, the GSE3365 and GSE66360 data-
sets were coenriched for Neutrophil Extracellular Trap
Formation, Fluid Shear Stress and Atherosclerosis, and
Complement and Coagulation Cascades pathways, which
may be intrinsic to the association of IBD with AMI.
Finally, according to the ssGSEA, the DEGs in GSE66360
were predominantly enriched in the C-type lectin recep-
tor signaling pathway, complement and coagulation cas-
cade reactions, and the IL-17 signaling pathway (Fig. 34,
B, C, E, G, H, I). PPI interaction networks highlight the
interrelationships and functional modules among dif-
ferent proteins, with each cluster representing a highly
interconnected group. These networks reveal the key
roles of proteins in the pathogenesis of IBD and AMI,
primarily involving mechanistic pathways such as inflam-
mation, immunity, transcriptional regulation, and extra-
cellular matrix remodeling.

Overlapping genes of IBD and AMI according to WGCNA
First, we constructed IBD-related gene co-expression
networks based on the GSE3365 dataset for WGCNA.
After setting the thresholds and using the TOM matrix
to identify gene modules, we obtained 16 modules:
brown(2205), lightyellow(97), cyan(238), darked(864),
tan(1783), royalblue(87), salmon(287), blue(1150),
green(806), black(1094), greenyellow(690), gray60(154),
lightgreen(133),  lightcyan(193),  midnightblue(231),
gray(4). Among all the modules, salmon (cor=0.63,
p=4e-15) and lightcyan (cor=0.54, p=>5e-11) had
the strongest correlations with IBD. Similarly, in the
WGCNA of the GSE66360 dataset, we obtained a total
of five gene modules, namely, black (141), brown (1341),
blue (6031), green (422) and gray (2070) (Fig. 2A, B, C,
D). Among them, the green module (cor=0.61, p=1e-11)
had the strongest correlation between the corresponding
genes and the disease. Finally, by taking the intersection
of the genes identified from the WGCNA with the strong
IBD and AMI correlation module, we obtained 105 com-
mon strongly correlated genes.

Identification of hub genes

Making use of the intersection of the 33 DEGs with the
105 common genes obtained from WGCNA yielded
21 genes for machine learning. We then used three
machine learning methods, LASSO, RE, and Boruta
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to further screen the hub genes. LASSO screened the
top 6 genes (PLAUR, ADGPR3, IL1R2, THBD, FOSB,
PTGS2) in terms of importance (Fig. 4A, B); RF screened
the top 9 genes (THBD, IL1R2, FOSB, TREM1, IL1RN,
PLAUR, FCAR, CXCL2, ADGPR3) with importance
scores greater than 5 (Fig. 4C); and Boruta screened 14
genes (HCAR3, CXCL3, C5AR1, NRGN, AQP9, CXCL2,
ILIRN, FCAR, ADGPR3, TREM1, PLAUR, FOSB, IL1R2,
THBD) (Fig. 4D). After overlapping the results obtained
from the three methods, we obtained 5 genes—THBD,
FOSB, ADGPR3, IL1R2, PLAUR—and used them as
the final hub genes for a series of subsequent analy-
ses (Fig. 4E). In addition, the results revealed that the
five hub genes all had extremely high individual pre-
dictive abilities for AMI, with the test set ROC values
of THBD, FOSB, ADGPR3, IL1R2, and PLAUR being
0.905(95%CI =0.743-1.000), 0.841(95%CI=0.636-1.000),
0.781(95%CI =0.521-1.000), 0.839(95%CI=0.616- 1.000),
and 0.798(95%CI = 0.546-1.000), respectively (Fig. 41I).

Diagnostic model construction

To further establish the pivotal role of the five hub genes
in the linkage between IBD and AMI, we built on hub
genes to create a diagnostic machine learning model of
AMI (The external validation set data is shown in Sup-
plementary Table 1). We used 7 machine learning meth-
ods (XGBoost, logistics, LightGBM, RF, SVM, Adaboost
and KNN) to build prediction models, among which RF
method had the highest prediction accuracy (Fig. 4F).
According to the RF for diagnosing AMI patients in the
GSE48060 external validation dataset, the area under
the curve (AUC) was as high as 0.938, which indicates
extremely high diagnostic accuracy (Fig. 4G, H).

Relationships between hub genes and genes related to key
regulatory mechanisms

To investigate the correlation of five key genes with
autophagy, coagulation, iron death, and immune aspects
in IBD and AMI, we downloaded and analyzed relevant
data from the GeneCards database. The results revealed
that the five hub genes in GSE3365 and GSE66360
strongly correlated with both coagulation and immunity,
while the associations with autophagy and iron death
were not significant (Fig. 5). Subsequently, in order to
explore the mechanism of action of the five hub genes
in the onset of AMI, we further performed GSEA single
gene enrichment analysis. The results showed that these
hub genes were significantly involved in key cellular
metabolism and repair pathways, including lipid metab-
olism, oxidative stress response and nucleotide repair
mechanism, which provided strong evidence to support
their important role in AMI. (Fig. 6)
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Prediction of targeted drugs compounds

SPIDE3 was used to identify possible target drugs bud
genes, and ultimately, we selected the four drugs with the
strongest negative correlation (col < -0.95): penbutolol,
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able to prevent or attenuate AMI symptoms induced by
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ONTOLOGY

IBD, and their molecular structures are shown in Fig. 7E,

E G, H.

Overview of hub gene expression in single cells

We performed single-cell analysis of the downloaded
GSE180678 dataset using the Seurat package, and the
results of dimensionality reduction clustering using
a UMAP plot are shown in Fig. 7A. Each cluster was
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were performed in GSE48060 based on hub genes

annotated according to the genes that were specifically
expressed in each cluster. CD3E, CD68, LUM, and EPSA1
are considered to be markers of T cells, macrophages,
fibroblasts, and endothelial cells, respectively (Fig. 7B).
The expression levels of THBD, FOSB, ADGPR3, IL1R2
and PLAUR in the four types of cells are shown in the
Fig. 7C, D.
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hub genes from DEG genes, and model construction and external validation

Verification of human blood samples from hub genes

We collected blood samples from eight AMI patients and
eight control volunteers, and then performed qRT-PCR
analysis and Western blot analysis based on the blood
samples to explore the differences in FOSB between
AMI patients and healthy people. The validation results
showed that the gene transcription and expression levels
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of FOSB in AMI patients were significantly higher than
those in the healthy control group, which was consistent
with our previous analysis results. (Fig. 8)

Discussion

IBD is a chronic disease characterized by intestinal
inflammation and immune system disorders, and AMI is
one of the main and most common causes of death in the
general population. Available evidence suggests a strong
association between IBD and AMI, which is a common
extraintestinal response to IBD; however, the underly-
ing mechanisms are inconclusive, and effective preven-
tion and treatment measures are lacking. In this study,
we explored the intrinsic mechanism of the association
between IBD and AMI from a bioinformatics point of
view. Our analysis yielded five hub genes that may play
key roles in IBD and AMI, small molecule drugs that may
inhibit this association, and corresponding in vitro exper-
iments to validate the hub gene differences. Ultimately,
we verified significantly higher expression of the FOSB
gene and its regulated proteins in the AMI population
using qRT-PCR and western blot. The findings of this
study could lead to the use of new evidence from multiple
perspectives in the study of the comorbidity mechanisms

of IBD and AMI, which is of great clinical significance
for the early prevention and treatment of AMI events in
patients with IBD.

In this study, we first performed multiple bioinformat-
ics analyses based on microarray datasets of IBD and
AMI patients to identify DEGs common to both diseases.
This kind of multi-omics research combining multiple
analytical methods is widely used in the study of disease
mechanism and the prediction of pathogenesis, and has
already achieved excellent results in the field of tumor
prognosis research [37]. Multi-omics research can not
only analyze clinical laboratory indexes and imaging
data, but also combine bioinformatics analysis and basic
experimental validation to explore the intrinsic correla-
tion of different diseases, which is the original intention
of our research design [38]. According to the GO enrich-
ment analysis of the DEGs, the IBD-associated DEGs
were involved mainly in fundamental processes such as
cellular chemotaxis and chemokine-mediated signaling
pathways, whereas the AMI DEGs were enriched in cyto-
kine regulation, response to bacterial-derived molecules,
and cell chemotherapy. responses to bacterial-derived
molecules and cell chemotaxis, the results suggest that
chemokine-related pathways may have important roles in
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the development of both diseases. Existing studies have
shown that systemic inflammation is a major causative
factor in the pathogenesis of a wide range of diseases,
and researchers have observed a significant correla-
tion between systemic inflammation indices and poorer
prognosis in tumor populations, being a key predictor
of death in patients with lung invasive mucinous adeno-
carcinoma [39]. Similarly, the systemic inflammatory
state, represented by chemokine activation, is the most
important pathogenic factor in the internal environment
of patients with IBD and AMI, and may be a potential
mechanism of comorbidity. KEGG analysis demonstrated
that the DEGs associated with IBD and AMI act through
common pathways, fluid shear stress and atheroscle-
rosis, as well as complement and coagulation cascade
pathways. IBD often causes a systemic inflammatory
response, which in turn affects the function of vascu-
lar endothelial cells and accelerates the development
of atherosclerosis. Inflammatory states can also lead to
the activation of coagulation factors in the blood, which
increases the risk of thrombosis and may be associated
with the development of AMI through abnormalities in
the coagulation cascade. In addition to inflammation,
immune dysfunction is also critical to the pathogenesis of

IBD, and the onset of an immune response can further
exacerbate intestinal inflammation. Patients with IBD
have an activated immune system, and the complement
system is part of the immune response. An overactivated
complement system may further exacerbate the inflam-
matory response, ultimately leading to the development
of AMI. Some findings suggest that the acute phase
response protein family of SAAs promotes the differen-
tiation of Th17 cells in vivo in mesenteric lymph nodes,
which in turn mediates the upregulation of IL-17 cyto-
kines and contributes to the development of IBD and that
drugs targeting the inhibition of IL-17 have also been
observed to be highly efficacious in patients with IBD [40,
41]. Moreover, IL-17 is involved in a variety of inflam-
matory responses and may also play an important role in
the inflammatory environment of AMI. NF-kB is a tran-
scription factor that regulates the systemic inflammatory
system and may induce diseases such as IBD and AMI in
humans. In animal models, the NF-kB pathway is directly
associated with intestinal inflammation. Moreover, dur-
ing intestinal cancer development, the overexpression of
NF-«B is thought to be associated with treatment resis-
tance, advanced tumor stage and poor prognosis. More-
over, activation of p65, the main component of NF-«B, in
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colorectal cancer patients leads to poor clinical outcomes
and liver metastasis, fully demonstrating the crucial

role of NF-kB in various intest

inal diseases [42, 43]. In

another study in AMI rats, Lingbao Huxin Pill was able
to significantly downregulate the expression of NF-kB
p65 and inhibit inflammation and apoptosis in the infarct

border zone [44]. The results

of various enrichment
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analyses fully support the role of IBD-induced risk fac-
tors in accelerating the development of AMI, reveal-
ing diverse pathogenic factors and pathways involved in

comorbid mechanisms.

In addition, important modules and genes that may
be shared by IBD patients and AMI patients were iden-
tified through the WGCNA co-expression network.
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Compared with traditional bioinformatics methods,
WGCNA focuses on the linkage between clinical fea-
tures and co-expression modules, which makes the find-
ings more reliable and biologically meaningful. After
taking the intersection of the obtained WGCNA genes
with 33 DEGs, 5 hub genes were ultimately screened
using LASSO, RF and Boruta methods: THBD, FOSB,
ADGPR3, IL1R2 and PLAUR for further analysis. We
constructed a machine learning diagnostic model for
AMI using the five genes, and each gene and the total
model demonstrated high prediction accuracy, suggest-
ing that all five hub genes have important roles in the
pathogenesis of AMI. IL1IR2, a member of the interleu-
kin-1 (IL-1) family, influences immune and inflammatory
responses by regulating IL-1 signaling and is also consid-
ered a susceptibility locus for IBD. In IBD, excessive IL-1
signaling and the regulation of IL1R2 are associated with
chronic inflammation of the intestinal mucosa [45]. In
AM]I, the inflammatory response is an important piece of
the puzzle, and the IL-1-mediated inflammatory milieu
leads to a variety of pathological changes, while IL-1R2
has been shown to be associated with atherosclerosis
[46, 47]. PLAUR encodes the urokinase-plasminogen
activator receptor (uPAR). Existing studies have identi-
fied PLAUR as a key gene that regulates matrix metal-
loproteinases (MMPs), affects cell migration and tissue
remodeling, indicating its potential in reducing infarct
size and improving cardiac function [48]. Specific single
nucleotide polymorphisms in the PLAUR gene have been
shown to be associated with increased susceptibility to

myocardial infarction, highlighting the importance of
PLAUR in the pathogenesis of myocardial infarction and
its impact on personalized medicine [49]. In addition,
soluble urokinase plasminogen activators can interact
with PLAUR, regulate anti-inflammatory and fibrinolytic
pathways that are critical in the treatment of AMI, affect
thrombosis and plaque stability, and increase the oppor-
tunity for therapeutic intervention in AMI patients [50].
Thrombomodulin, the protein encoded by THBD,
is involved in the regulation of blood coagulation and
inflammation and is expressed mainly on the surface of
vascular endothelial cells [51]. The role of this gene is
currently mentioned mainly in AMI, where abnormal
coagulation caused by mutations in the THBD gene is the
main cause of thromboembolic disease, and the abnor-
mal formation of thrombi ultimately leads to AMI [46]. In
the experimental validation of this study, the expression
level of FOSB in AMI patients was significantly higher
than that in the healthy control group in both qRT-PCR
and western blot. FOSB is a member of the AP-1 family
of transcription factors and plays a key role in cell cycle
regulation, gene regulation, and cell signaling [52]. The
results of this study showed that it plays a significant role
in AMI, but the specific mechanism is still unclear. There
may be several explanations for the increased expression
of FOSB in AMI: FOSB responds to oxidative stress by
promoting antioxidant enzymes, regulates inflammatory
cytokines (such as TNF-qa, IL-6, and IL-1P) to regulate
inflammation, and maintains a balance between cell sur-
vival and apoptosis to limit infarct size [53]. FOSB also



Fu et al. BMC Medical Genomics (2025) 18:63

affects cardiac tissue remodeling by regulating extracel-
lular matrix components and fibrotic reactions [54]. In
addition, it participates in signal transduction pathways
such as MAPK/ERK and JNK, which are crucial for stress
response, and is upregulated by hypoxia-inducible fac-
tors (HIFs) under hypoxic conditions, promoting angio-
genesis and compensating for blocked blood vessels to
improve symptoms [54]. Our results reveal that FOSB
may be a new therapeutic target for AMI, and the use of
targeted drugs to upregulate the expression of FOSB in
patients may improve patient prognosis. Ultimately our
study identified four potential therapeutic agents for pen-
butolol, terazosin, scriptaid, and alfuzosin that may have
a preventive effect against AMI by targeting FOSB and
thus. Penbutolol is a common drug in the beta-blocker
class that is often used clinically to lower blood pres-
sure to control ventricular rate. Although no studies have
shown that penbutolol can directly treat AMI or reduce
the risk, it may improve the prognosis of AMI patients by
activating sympathetic nerves to reduce heart rate, pro-
longing blood perfusion time, and decreasing myocardial
oxygen demand, thereby reducing myocardial ischemic
injury [55]. Terazosin, an a-1 adrenergic receptor blocker,
is also commonly used in the clinic for hypotensive ther-
apy, and a recent web-based pharmacologic study sug-
gests that it may be able to be used in the treatment of
AMI, which is consistent with our findings [56]. Despite
the lack of direct mechanistic studies of terazosin in the
treatment of AMI, some studies have demonstrated an
improvement in fasting blood glucose and glycosylated
hemoglobin levels in terazosin hypertensive patients [57].
Serum total cholesterol and triglyceride levels, which
are risk factors for the development of AMI, have been
significantly reduced, and terazosin has also been found
to have anti-vascular stiffness and aging properties [58].
Scriptaid, an antitumor drug with anti-tumor proper-
ties, has recently been found to inhibit the inflamma-
tory response in the nervous system and protect brain
function after ischemic injury by promoting microg-
lia differentiation into M2 microglia, but its role in the
pathogenesis of AMI remains unclear and requires fur-
ther study in the future [59, 60]. Finally, alfuzosin is often
used as a symptomatic treatment for prostatic hyper-
trophy and hypertension, and is an alphal-adrenergic
antagonist. Researchers have found that alfuzosin acti-
vates PGK1 to stimulate the protein kinase B signaling
pathway, glucose uptake and improves insulin resistance,
which in turn reduces the risk of diabetes mellitus, one of
the high-risk factors for AMI [61]. Additionally, alfuzosin
was found to have a delayed myocardial repolarization
effect, which may allow for more adequate myocardial
perfusion in AMI patients, again providing an explana-
tion for its potential role in treating AMI [62].
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The immune system is an important part of the dis-
ease process in both IBD and AMI, microbial and envi-
ronmental factors interact with the host [63]. In AMI,
immune mediators such as M1 proinflammatory mac-
rophages and M2 reparative macrophages continue
to act at all stages of the disease process [64]. First, the
classical monocyte pathway promotes innate immune
responses through direct action and indirect differentia-
tion into dendritic cells. Similarly, monocytes have also
been shown to play an important role in the activation
of adaptive immune responses through antigen presenta-
tion to T cells. Only early depletion of monocytes in AMI
increases cellular necrosis, and later, monocytes play a
key role in ventricular remodeling after AMI, suggesting
that both monocyte-mediated early inflammatory pro-
cesses and late repair are essential for infarct healing [64].
Some researchers have shown an increase in monocytes,
macrophages, and neutrophils in the mucosa of patients
with IBD, which may be associated with tissue homing,
further suggesting that these cellular infiltrates may be
associated with the severity of IBD [65]. Mast cells (MCs)
were found to mediate FXR in animal experiments, lead-
ing to increased intestinal FXR/FGF15 expression and
exacerbated intestinal inflammation in IBD patients [66].
MC hyperreactivity has also been viewed as a risk factor
for altered gut function in IBD patients, which may be
caused by dysregulated interactions between the micro-
biota and MC [67]. In addition, our study identified four
potential small molecule drugs targeting the hub gene,
which may provide a new therapeutic direction from a
bioinformatics perspective, and additional studies are
needed in the future for specific efficacy validation.

We downloaded a single-cell dataset to explore the
expression of the hub gene within different subpopula-
tions of cells in single cells, providing multidimensional
evidence for the study. Single-cell analysis revealed that
the hub genes were predominantly enriched in mono-
cyte, macrophage, and endothelial cell subpopulations in
AMI patients. Cellular immunity training mechanisms
and systemic inflammation in monocytes may lead to
elevated splenic tyrosine kinase (SYK) expression, which
ultimately mediates the development of atherosclerosis
(AS) and AMI in both AMI patients and mice, whereas
mice deficient or depleted of macrophages or monocytes
were observed to have a lower probability of develop-
ing AS. In addition, trained immunity occurs not only
in immune cells but also in endothelial cells and smooth
muscle cells, both of which can induce AS formation [68].
These findings suggest that monocytes, macrophages,
and endothelial cells all play important roles in the devel-
opment of AMI, consistent with our findings.

Although previous studies have shown that IBD
patients have a greater risk of AMI, few studies have
explored the comorbidity mechanism between these two
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diseases from the perspective of bioinformatics methods.
In this study, we identified and explored the common hub
genes associated with two diseases, analyzed the potential
regulatory factors associated with these hub genes. These
findings provide evidence from multiple perspectives for
further investigations of the comorbidity mechanisms of
IBD and AMI This study has the following limitations.
First, only 5 hub genes were identified in this study; the
distribution of hub genes in the human body was not
determined, and the full genetic profile of the disease
could not be represented, as the disease completely mim-
ics IBD and AMI. Second, additional data on the clinical
characteristics of the patients should be included in this
study for further subgroup analyses. Finally, although
qPCR and WB confirmed the high expression of FOSB
in AMI patients, there is still a lack of basic experimental
studies at the cellular or animal level exploring the effect
of overexpression or knockdown of FOSB on AMI risk.
Moreover, the potential drugs targeting IBD-AMI iden-
tified in this study were not subjected to corresponding
pharmacological experiments to verify their efficacy due
to the limitations of experimental conditions, and more
specific functional and targeted therapeutic drug experi-
ments are needed to further validate our findings in ani-
mal experiments and clinical studies in the future.

Conclusion

In this study, we evaluated the transcriptomic data of IBD
and AMI patients via bioinformatics methods, identified
the hub genes associated with these two diseases, con-
structed a diagnostic model, evaluated the association
and pathogenesis of IBD and AMI through functional
enrichment of the hub genes, screening of drug targets,
immune infiltration, single-cell sequencing, qPCR, WB
analysis. The results suggest that the precise diagnosis
and treatment of IBD and AMI can be realized in the
future through the modulation of inflammation, coagu-
lation, and immune-related factors, but these findings
still need to be verified by further animal and clinical
experiments.
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