Heart Surgery Forum 2023; 26(5): E498-ES11
doi: 10.59958/hsf.5775

Article

https://journal.hsforum.com/

Exploring the Common Gene Signatures Between Myocardial
Infarction-Reperfusion Injury and the Gut Microbiome Using

Bioinformatics

Xiao Jiang!, Caiyun Li', Xuting Xia', Jiangbo Tong?, Jin Cheng?, Xinhui Li’*

LCollege of Traditional Chinese Medicine, Hunan University of Chinese Medicine, 410208 Changsha, Hunan, China

2Graduate School, Yangzhou University, 225009 Yangzhou, Jiangsu, China

3Department of Pediatric Intrarenal and Rheumatology Immunology, The Affiliated Hospital of Xuzhou Medical University, 221000 Xuzhou, Jiangsu,

China
*Correspondence: 003760@hnucm.edu.cn (Xinhui Li)

Submitted: 24 May 2023

Abstract

Background: This bioinformatics report attempts to ex-
plore the cross-talk genes, transcription factors (TFs), and
pathways related to myocardial ischemia-reperfusion in-
jury (MIRI) as well as the gut microbiome. Method:
The datasets GSE61592 (three MIRI and three sham sam-
ples) and GSE160516 (twelve MIRI and four sham sam-
ples) were selected in the Gene Expression Omnibus (GEO)
database. Differentially expressed genes (DEGs) identifi-
cation (p < 0.05 and |log FC (fold change)| >1) together
with functional annotation (p < 0.05) was implemented.
The Cytoscape platform established the protein-protein in-
teraction (PPI) network. Genes associated with gut mi-
crobiome disorder were extracted based on the DisGeNET
database, and those associated with MIRI were overlapped.
The Recursive Feature Elimination (RFE) algorithm was
adopted for selecting features, and cross-talk genes were
predicted by the Support Vector Machine (SVM) models. A
network encompassing cross-talk genes along with the TFs
was thereby established. Result: The MIRI datasets com-
prised 138 shared DEGs, with 101 showing up-regulation
whereas 37 showing down-regulation. Notably, the PPI in-
terwork for MIRI contained 2517 edges along with 1818
nodes. By using RFE and SVM methods, six feature genes
with the highest prediction were identified: B2m, VCAM-
1, PDIA4, Ptgds, Mixipl, and ACADS. Among these genes,
B2m and PDIA4 were most highly expressed in MIRI and
the gut microbiome disorder. Conclusion: B2m and PDIA4
were identified to be significantly correlated with candidate
cross-talk genes of MIRI with gut microbiome disorder, im-
plying a similarity between MIRI and Gut microbiome dis-
order (GMD). These genes can serve as an experimental
research basis for future studies.
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Introduction

Myocardial ischemia occurs when the heart receives
reduced blood flow. Myocardial Ischemia- reperfusion may
induce reperfusion injury (MIRI), which can reduce the
clinical benefits of revascularization if not treated on time
[1]. MIRI mainly presents in various forms, further ag-
gravating structural and functional cardiac damage, even-
tually causing adverse cardiovascular outcomes [2]. There-
fore, MIRI has become the most common clinical problem
of acute myocardial infarction (AMI) after interventional
or thrombolytic therapy [3]. Mechanisms contributing to
MIRI are related to inflammatory reaction, immune reac-
tion, unfolded protein reactions (UPR), endoplasmic retic-
ulum (ER) stress, oxidative stress (OS), cell death, or al-
teration of long non-coding RNAs (IncRNA) levels [4,5].
This mechanism is unclear. Hence, further study is war-
ranted [6,7].

As revealed by metagenomic analysis and genome
sequencing, gut microbiome disorder (GMD) may affect
coronary artery disease (CAD) [8,9]. Manipulating gut
microbiome composition affects the cardiovascular condi-
tion of the host [10,11]. In addition, the gastrointestinal
tract can be viewed as a diverse and enormous ecosystem
that produces a considerable amount of microbial metabo-
lites. Such substances can be absorbed into the circula-
tion and serve as mediators of gut microbial effects on the
host. Hence, the gut microbiota contributes directly or in-
directly to our immune status. Generally, microbiome con-
tributes directly or indirectly to CAD. Inflammation and
lipid metabolism disorders have important effects on mea-
suring the severity and development of a disease [12,13].
There is a controversy regarding the causal relationship be-
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tween CAD and GMD [14]. According to several studies,
metabolic and inflammatory pathways mediated by gut mi-
crobiota may be the potential mechanisms to investigate
[15-18].

In recent years, gene chip expression mining data us-
ing bioinformatics technology has been widely used to an-
alyze related differentially expressed genes (DEGs). The
technique has enabled interlinking between rheumatoid
arthritis (RA) and periimplantitis, and carotid atherosclero-
sis and periodontitis [19,20]. DEGs provide valuable clues
to explore the development and prevention of pathologi-
cal processes in MIRI and GMD. Therefore, the present
work applied bioinformatics analysis for revealing the tran-
scriptomic cross-talk mechanisms in MIRI with the gut mi-
crobiome. Cross-talk genes in MIRI with the gut micro-
biome might be present. These genes maintain similarities
between the two states and establish an autoinflammatory
character caused by gut microbiome disorders.

Material and Methods

Databases and Study Design

Two MIRI datasets collected in Gene Expression
Omnibus (GEO) were included, i.e., GSE61592 and
GSE160516, which were selected using criteria described
below. Datasets included determined MIRI samples repre-
senting the MIRI group, and sham samples were the con-
trols. All samples were taken from mice. Three controls
and three MIRI samples were included from GSE61592,
while twelve MIRI samples and four sham samples in
GSE160516 were used for controls. Fig. | displays our an-
alytical flowchart.

Differentially Expressed Genes (DEGs) ldentification

By adopting the R software Microarray (Auckland,
New Zealand) limma package, Linear Models were ap-
plied to assess differences between sham and MIRI groups.
First, the expression data were annotated, and the probe ma-
trix was converted into a gene matrix. Genes satisfying p
< 0.05 and |logFC (fold change)| >1 were deemed to be
DEGs. Those shared DEGs with up/down-regulation be-
tween GSE61592 and GSE160516 were adopted in further
analyses after excluding the uncommon DEGs. A valid lin-
ear model was employed for “limma” analysis. Those miss-
ing values were filled in as the genes of multiple probes to
correct the data. The processed gene expression data were
applied after fitting each gene to a linear model. The dif-
ferential gene analysis results were inferred from the em-
pirical. Bayes estimation methods that weighted the least
squares method, moderate z-statistics, F statistics, and dif-
ferential expression values. These methods improved the
inference of small experiments at the gene as well as the
gene-set level.
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Functional Annotation

Our analysis was carried out based on previous stud-
ies. Therefore, those biological activities enriched by
those identified DEGs, either with up-regulation or down-
regulation, were analyzed. p < 0.05 was considered a sig-
nificant functional enrichment. Ten of the most significant
GO Biological Processes (BP), Molecular Functions (MF),
and Cell Components (CC) were sorted out based on the
increasing p-values after selecting each enriched pathway.
GO and KEGG analysis of differential genes was performed
using the DAVID database. The results were visualized
with the ggplot2 package for R.

Protein-Protein Interaction (PPI) Network Establishment

PPIs were extracted after uploading the common tar-
gets to the STRING tool and constructing a PPI network.
DEGs were uploaded using STRING (https://cn.string-db.
org/). Cytospace was adopted for result visualization, and
key genes were identified using cytoHubba (Cytospace ver-
sion 3.9.1).

Identification of probably Cross-Talk Genes

The gut microbiome disorder genes were obtained
from the gutMGene database (http://bio-annotation.cn/gut
mgene/search.dhtml) and Mouse Genome Informatics (ht
tp://www.informatics.jax.org/). Those probably cross-talk
gut microbiome disorder genes, overlapping with MIRI-
associated DEGs, were obtained to construct the cross-talk
gene-associated PPI network.

Transcription Factor (TF)-Mediated Cross-Talk Genes

TF-target gene regulatory pairs were obtained in the
ChEA 3 database (https://maayanlab.cloud/chea3/). MIRI-
associated TF-target pairs were obtained in line with TF-
target relation, followed by establishment of TF-target gene
interaction network as well as network visualization with
Cytoscape.

Support Vector Machine (SVM) Modeling Based on Cross-

Talk Gene Feature Selection

Gene expression profiles from the GSE61592 and
GSE160516 datasets were combined. The ComBat ap-
proach based on the SVA packages of the R software was
utilized for batch correction of combined data. Intersect-
ing gene expression data from those above two datasets
were identified by eliminating the batch effect. Gene lev-
els acquired following eliminating the batch effect changed
compared with their initial levels in both datasets. The
Scale approach in R was adopted for standardizing resul-
tant data, followed by establishment of the SVM model.
Initial expression profiles of both datasets, GSE61592 and
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Fig. 1. The flow-process of the current study. Exploring the common gene between Myocardial Infarction-Reperfusion Injury and the

Gut Microbiome.

GSE160516, were acquired for direct standardization us-
ing Scale. Candidate cross-talk gene levels were acquired
based on combined data. The conventional Recursive Fea-
ture Elimination (RFE) algorithm and R software Boruta al-
gorithm were utilized for feature selection. The receiver op-
erating characteristic (ROC) curves were subsequently plot-
ted to evaluate prediction using the pPROC package, whereas
the R software ggplot2 package was adopted for visualiza-
tion.
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Immune Infiltration Method

The cell marker gene set for immune cells was ob-
tained from Newman et al. [21]. The 175 differential genes
were uploaded to the CIBERSORTx (https://cibersortx.sta
nford.edu/) online platform. The results were visualized us-
ing default parameters on the ggplot2 and ggpubr packages.
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Pathway Enriched by Cross-Talk Genes

The significantly enriched pathways were identified
by DEGs of MIRI. The potential cross-talk pathways, prob-
ably bridging GMD and MIRI, were chosen. Then, the
directed network was developed: G = (V, E), in which V
represents gene sets associated with the pathway, whereas
E indicates pathway-gene interaction. Genes involved in
all pathways were acquired. Cytoscape was then utilized
to build the pathway-cross-talk gene network. In G = (V,
E), Vr indicates GMD-associated genes, while Vp depicts
DEGs related to MIRI, which included candidate cross-talk
genes.

Cross-talk genes were obtained from pathway—gene
pairs, and TFs targeting cross-talk genes were also ac-
quired.  Additionally, MIRI-associated DEGs interact-
ing with pathway-gene pairs-related cross-talk genes were
identified. Every DEG of MIRI is expressed as Vp in that
network, TFs are expressed as VTF, while candidate cross-
talk genes are expressed as Vct. Finally, relations across
MIRI-associated genes, TFs, and cross-talk genes were es-
tablished.

Results

DEGs of MIRI

Comparison between GSE61592 and GSE160516 re-
vealed 175 common DEGs (Fig. 2A,B).

Functional Annotation

DEGs remarkably associated with BPs showed the
closest relation with the metabolic pathway, regulation of
actin cytoskeleton, lysosomes, and Salmonella infection
(Fig. 3A). Fig. 3B displays corresponding biological func-
tions involving the DEGs.

PPI Network

Our established MIRI-related PPI network included
148 nodes together with 748 edges (Fig. 4). The top 30
nodes were identified after analyzing the topological net-
work characteristics of the PPI network. Genes Actb, Fnl,
and Col3al displayed the highest degree of cross-talk in the
biological network. Hence, these genes probably affect the
development of MIRI.

TF-Gene Regulatory Network

11,861 TF-target interactions were obtained, which
were adopted for the construction of the TF-target network
(Fig. 5). The most significant candidate cross-talk genes in-
cluded SFRPI, ESRRG, and TGFB2. Consequently, these
genes might have a critical effect on the TF-target network.
A Venn diagram for DEGs is expressed in Fig. 6.
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Table 1. SVM-REF predict value.

Gene Name  Feature ID  Average Rank
ACADS 1 1.533333
PDIA4 4 3.000000
B2m 2 3.133333
Mlxipl 3 3.600000
Ptgds 5 3.733333

SVM-REF, support vector machine-recursive
feature elimination; ID, identification.

Prediction of Risk Cross-Talk Genes

Normalized results were classified. Boruta and RFE
algorithms verified the results and selected the features
(Fig. 7A,B). A total of three genes (B2m, PDIA4, and
ACADS) showing the highest prediction were selected from
the intersection results. RFE features were chosen to con-
duct later analyses. Three feature gene levels were ex-
tracted based on combined results. A five-fold cross-
validation (CV) was applied in obtaining the optimal hy-
perparameters for the SVM model(s). Thus, a SVM model
was built with these three genes (Table 1).

Predicting the Relationship between MIRI and the Gut Mi-

crobiome

B2m and PIDA4 genes displayed the highest expres-
sion in MIRI and GMD (Fig. 8A—C). Values of area under
the curve (AUC) for B2m and PIDA4 of the MIRI dataset
(GSE61592) were over 95% (Fig. 8D—F). The AUC values
of B2m and PIDA4 in the GMD dataset (GSE160516) were
89.6% and 68.8%, respectively.

Immune Infiltration Analysis

Immune landscapes of MIRI and Gut Microbiome
(GM) were changed in comparison with control (Fig. 9).
Correlation analysis depicted two crucial cross-talk genes
from the stacking bar graph. In this heat map, red repre-
sents a positive correlation, and blue represents a negative
correlation, the numerical value represents the correlation
coefficient. If it is positive, it indicates a positive regu-
latory relationship between the gene and the immune cell,
while a negative value indicates a negative regulatory rela-
tionship. The correlation index and p-value are calculated
using the Spearman test. The B2m and PDIA4 are posi-
tively correlated with various immune cells, such as naive
B cells, Plasma cells, memory activated T cells CD4, acti-
vated NK cells, M2 Macrophages, resting Dendritic cells,
Eosinophils and Neutrophils. The Acads is positively cor-
related with various immune cells, such as memory B cells,
CD8 T cells, memory resting T cells, memory resting CD4
cells, regulatory T cells (Tregs), gamma delta T cells, rest-
ing NK cells, Monocytes, MO Macrophages, activated Den-
dritic cells, resting Mast cells, and Neutrophils.

E501


https://journal.hsforum.com/

R — 1) Cinnaly 1
Pt Hmges2
35 S . — S Rnf207

Bpa2 g 12
— §F3hgg|3 P R —— D2 10

uba
2310002L09Rik 5 5
Rnf207 &

T
3 o
o

Mrps9
Mrps35 2
Grb14

Lrre39
Fsd2

i
=
s
&

MIRI 5481 MIRI
Etcal

Normal - Mixipl Normal
r _— Gldh§a1
c;

-
Y
=
B;
=i

1
I 1
Finii4at
Ctss

Fig. 2. The expression level of 175 common DEGs in (A) GSE61592 and (B) GSE160516 datasets. DEGs, differentially expressed
genes.

Pathway-Gene Functional Network TFs modulation within cross-talk pathways in MIRI
with GMD was studied by extracting TFs in TF-target re-
Finally, 17 significantly enriched pathways, possi- lations as well as cross-talk genes in those activated path-

bly vital for developing MIRI, were selected. Cross-talk ~ Ways In the meantime, cross-talk gene PPIs were obtained
between MIRI and GM was identified by constructing a  t© build an activated TF-cross-talk gene network (Fig. 11).
pathway-gene cross-talk network, which included 79 nodes ~ As discovered, TFs modulated the cross-talk genes.

along with 125 edges (Fig. 10).
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Fig. 3. The significantly enriched (A) biological pathways and (B) functions of the 178 common DEGs.

Discussion

This study focused on exploring cross-talk of MIRI
with GMD by bioinformatics analysis. Consequently, B2m,
PDIA4, and ACADS were identified as closely related
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genes, and some associated pathways were also found.
These genes were relevant in MIRI and GMD, considering
the associated predicting performances and expression lev-
els in such diseases. Furthermore, the ROC values of B2m
and PDIA4 were higher than those of other genes. Hence,
they were highly correlated. Moreover, PDIA4 interacted
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with Veaml, indicating the likely relation of PDI44 with
GMD by interaction with additional genes. Therefore, our
work concentrates on the connection between these results
despite some ambiguity.

This work obtained MIRI datasets in two works ex-
amining RNA expression of MIRI and sham samples [22].
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It is challenging to compare MIRI and GMD because
a concrete conclusion has not been found. Universally,
MIRI is regarded as a complex disease whose pathogene-
sis needs further investigation. A heterogenic flora of po-
tential pathogens was previously considered essential for
causing inflammation. Nevertheless, genetic predisposi-
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tion amongst various immunological responses is highly
relevant in the occurrence of MIRI. Consequently, the im-
mune response driven by the microbiome of MIRI is com-
plex. The gut microbiome comprises a heterogeneous
and varied microbial composition. A possible gut mi-
crobiome disorder increases the complexity of the MIRI
tissues. The disruption of the gut flora is essential for
GMD and the immune response. Because of different mi-
crobial and associated pathways, the significance of this
work cannot be easily determined. Host-produced bioac-
tive substances are another class of related clinical indica-
tors. Commensal microbes modulating the MIRI-related
metabolic factors are also important. Urolithin B can be
obtained in ellagitannins through the components of gut mi-
crobial. It affects the expression of genes related to RCT
while increasing macrophage cholesterol efflux in HDL
particles, consequently restraining intra-plaque lipid depo-
sition [23]. A population-based cohort study confirmed
that metabolic risks are associated with microbial functional
factors. For example, lipoprotein particle composition, car-
bohydrate/sugar derivative metabolism, as well as fatty acid
saturation can predict adverse CVD events [24]. Therefore,
the potential link between MIRI and GMD can be based on
similar risk factors.

Specifically, a lipid metabolism disorder potentially
mediates obesity progression and affects inflammatory
pathogenesis. The condition also affects PDI44 and inflam-
matory factors like IL-6 and TNF-« [25]. PDIA4 was more
critical than the other genes identified by our results. Thus,
relevant exposure risk factors such as lipid metabolism dis-
orders need to be reconsidered. Additional elements, such
as comorbidities like diabetes mellitus, would be inter-
linked. Diabetes mellitus increases CVD and GMD risks
[26,27]. In addition, PDIA4 existing onto cell membrane
appears to perform the new cross-talk function of inter-
acting with additional signaling factors while activating
those unidentified intracellular pathways. For example,
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PDIA4 can interact with extracellular cytokines while coun-
teracting neutrophil infiltration mediated by cytokines. It
also counteracts the maturation of thyroglobulin associated
with oxidoreductases [28,29]. The complexity of the is-
sue is increased by considering exposure risk factors (like
lipid metabolism disorders) and comorbidities (like dia-
betes mellitus). Studies like ours indicate the ambiguity in
the relevant pathways, and additional investigation is war-
ranted.

In the human body, there is a symbiotic relationship of
gut microbiota, which is crucial to determining our health.
The immune system continually defends against pathogens
when stimulated by associations of gut microbiota with in-
testinal cells regulating barrier activities [30]. For example,
host intestinal cells directly interact with structural com-
ponents of the microbiota in response to a foreign body.
This reaction is similar to that produced when TLRs rec-
ognize cardiovascular damage, often in damage-associated
molecular patterns (DAMPs) or alarmins [31]. Accord-
ingly, gut microbiota is considered to be the prolific en-
docrine organ that produces excessive humoral molecules
via the metabolism-independent or -dependent pathways,
which induce innate immune reactions [32]. Therefore,
there may be a similar mechanism with cardiovascular dam-
age, as noted by cross-talk genes as well as common path-
ways based on our results.

B2m was the most significant cross-talk gene identi-
fied in this work. It is responsible for encoding one serum
protein related to a class I heavy chain of major histo-
compatibility complex (MHC) on many nucleated cell sur-
faces. That encoded antimicrobial protein displays antibac-
terial effects within amniotic fluid. Previous studies as-
sociated B2m with cardiac performance [33]. Addition-
ally, B2m is related to inflammation [34]. It has been re-
ported that Trimethylamine-oxide (TMAO) is a major con-
tributor to the development of atherosclerosis. Such a sub-
stance augments inflammatory and endothelial dysfunction.
These reports support the view that B2m are critical tar-
gets of TMAO-induced endothelial dysfunction and pre-
vention of atherosclerosis by mitigating the inflammatory
response. Another study has demonstrated the role of B2m
in predicting the prevalence of atherosclerosis, such as in-
timal hyperplasia or asymptomatic carotid artery plaque
[35]. B2m is not always a sensitive predictor of adverse
events in some conditions [36]. However, B2m is unde-
niably associated with cardiac function and atherosclero-
sis [37]. Upon ischemic injury, B2m is highly expressed
and secreted in cardiomyocytes. Collecting gene levels in
major myocardial cells in diverse time periods following
ischemic injury can describe differences in cells and tran-
scription. Alterations of cell activities in cardiac remodel-
ing were demonstrated by single-cell transcriptomics [38].
MIRI can activate various molecular and cellular events
to heal cardiac injury. These processes have an impor-
tant role in determining patient outcomes [39]. Accord-
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ing to in-vitro experiments, B2m can stimulate wound heal-
ing by activating fibroblasts. Its signaling mechanism re-
mains unexplored at present. Earlier reports indicate the
involvement of secreted B2m in the fibrotic response in
post-ischemic myocardial repair. This repair facilitates im-
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provement of wound healing seen among treated rats [40].
B2m is a housekeeping gene (HKG), and its role in affecting
bowel inflammation remains to be explored. Inflammatory
bowel disease (IBD)-related chronic inflammation may in-
duce colorectal cancer (CRC), while the cytokine-mediated
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changes of regulatory pathways can impact HKG levels
similar to neoplastic transformation. In contrast, HKG lev-
els can be affected by bowel inflammation, mainly being
down-regulated, at a greater level than neoplastic transfor-
mation. During inflammation, B2m is significantly up reg-
ulated [41]. IBD shows a close relationship with imbalance
of flora or metabolites in GMD. This pattern inevitably ag-
gravates the instability of B2m. This instability, supposedly
unregulated and hence used as a normalizer, affects the fi-
brotic response during myocardial repair in ischemia. Epi-
demiologic studies have revealed the correlation between
the risk of cardiovascular events and mediators of inflam-
mation. Intestinal barrier impairment disrupts host immune
homeostasis. Multiple factors can lead to intestinal barrier
function disruption, for instance, decreased intestinal per-
fusion in CVD effects the structure of the villi (and mi-
crovilli), which are susceptible to ischemia injury. B2m
may have clinical value as a potential diagnostic biomarker.

PDIA4 is another closely related cross-talk gene. It
encodes one disulfide isomerase (PDI) family member
of the ER protein. PDIA4 is responsible for catalyzing
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thiol-disulfide exchange and protein folding after being
bound onto cyclophilin B. It can promote the assembly
of immunoglobulin G antibody and intermolecular disul-
fide bonding. A controlled study examining four cigarette
smokers with chronic obstructive pulmonary disease and
six non-smoker controls demonstrated PDIA4 polymor-
phism within the lung fibroblast endomembrane pathway
as well as in the differential endoplasmic reticulum stress
(ERS) response [42]. Activation of the ERS response and
PDIA4 genotype up-regulation can increase the risk of in-
flammatory bowel disease in children [43]. As shown in
the rat model, up regulated ERS was also associated with
diaphragm contractile disorders [44]. These findings help
to explain our current results. Consequently, PDIA4 ap-
pears to be a potential DEG candidate in GMD. In addition,
aberrant ERS response and PDIA4 levels are protective re-
sponses to various diseases, especially in MIRI [45]. MIRI
affects the energy metabolism of cardiac cells. In cardiac
muscle cells, calcium ions are regulated by the ER. During
ERS and functional disorders, calcium ions can be produced
in the cytoplasm by ER-calcium. This calcium overload ini-
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tiates the ER-calcium-XO signaling pathway, inducing XO
overexpression and activation. This event generates a sharp
increase in myocardial cell reactive oxygen species (ROS);
thus, causing myocardial cell death [46]. PDIA4 is affected
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by ERS and unfolded protein reaction (UPR), leading to in-
creased ROS. Ultimately, it leads to myocardial cell pro-
gram death in MIRI [47]. Therefore, in MIRI-diseased in-
dividuals, PDIA4 is critical in ERS and the UPR break-out

Heart Surgery Forum


https://journal.hsforum.com/

and endoplasmic reticulum quality control systems (ERQC)
[48]. Accordingly, activation of PDIA4 increases the risk of
the GMD-driven immune response and ERS. This observa-
tion explains an interrelationship between GMD and MIRI.
Moreover, three UPR branches of pathways and transcrip-
tion factors are chiefly involved in GMD and MIRI. These
include the pancreatic ER kinase (PKR)-like ER kinase-
activating transcription factor 4, ATF6p90-ATF6p50 (ac-
tivating transcription factor 6), together with IRE1-XBP1
(inositol requiring enzyme 1-X-box binding protein-1) [49—
51]. In MIRI, these three pathways are essential [40]. Inter-
estingly, PDIA4 can be detected on platelet surface, which
is the coagulation-related tissue factor activator. Platelets
have been shown to accumulate and modulate related func-
tions [52]. An arterial thrombus can be caused by aber-
rant thrombosis activation. PDIA4 participates in this pro-
cess during pathological conditions or injury [53]. Never-
theless, in a PDIA4 knockdown mouse model, an extended
bleeding time was found in addition to platelet impairment
as well as subsequent fibrin generation [54]. This observa-
tion supports the theory of thrombosis. It mainly highlights
platelet activation together with fibrin generation that is as-
sociated with changes in PDIA4 levels, which contributes
to the risk of MIRI. Despite these potential mechanisms
and observations, current clinical studies remain lacking.
Hence, further research is necessary to identify and verify
the systemic risk factors between MIRI and GMD.

Strengths and Limitations

This study explores the transcriptomic association
mechanisms of MIRI with GMD. Preliminary research has
been performed in some disorders such as Alzheimer’s dis-
ease and periodontitis, periimplantitis and RA, as well as
periodontitis and carotid atherosclerosis. Consequently,
this method should be further studies to determine the cross-
talk between MIRI and GMD. Our current analysis needs
further research to provide causal evidence. This compre-
hensive study includes TF, pathway and PPI network analy-
sis. Our main limitations include the mouse source and low
sample size in the MIRI datasets. There were just 22 ac-
quired through merging both datasets following batch cor-
rection. Our explored model predicts the results and the
tests the outcomes equally well. In addition, the characteris-
tic gene levels were proper within the corrected GSE61592
and GSE160516 datasets. Regardless of the small sample
size for the SVM module, this study suggests there is some
predictive value of the data. Furthermore, the samples were
analyzed to verify the reasonability of the results and aug-
ment the value of the conclusions. Two genes were the fo-
cus of the present study. Screening several genes in the
whole set strengthens the significance of the findings and
provides further support, such as the expression quantita-
tive trait locus (eQTL) analysis. Additionally, single nu-
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cleotide polymorphisms (SNP) were not discussed in this
work, and the available datasets did not assess SNP muta-
tions. Therefore, the criterion for species selection in the
current analysis essentially limits the applicability of our
result and the ability to make definite conclusions. The
ACADS function of alternative splicing was not discussed.
This feature results in two variants that encode different iso-
forms. The results appear reasonable and plausible despite
their inferential nature. This study identifies core cross-talk
genes and TF in MIRI and GMD through an immune per-
spective, providing a potential new mechanism. The sig-
nificance of this report is to draw attention to the potential
role of the gut microbiome in determining the risk for major
adverse events in patients with cardiovascular diseases. It
should be noted that the results were derived by bioinfor-
matics analysis. Further studies examining associated cell
mechanisms in vitro or in clinical research are required to
confirm these results. The current results lay the foundation
for subsequent studies.

Conclusion

B2m and PDIA4 were identified to be significantly
correlated candidate cross-talk genes of MIRI with gut mi-
crobiome disorders, implying a similarity between MIRI
and Gut microbiome disorders (GMD). These genes can
serve as an experimental research basis for future studies.
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