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Background: Myocardial infarction (MI) is a common cause of death worldwide. It is
characterized by coronary artery occlusion that causes ischemia and hypoxia of myocardial
cells, leading to irreversible myocardial damage.

Materials and Methods: To explore potential targets for treatment of MI, we reorganized
and analyzed two microarray datasets (GSE4648 and GSE775). The GEO2R tool was used to
screen for differentially expressed genes (DEGs) between infarcted and normal myocardium.
We used the Database for Annotation, Visualization and Integrated Discovery (DAVID) to
perform Gene Ontology functional annotation analysis (GO analysis) and the Kyoto
Encyclopedia of Genes and Genomes for pathway enrichment analysis (KEGG analysis).
We examined protein—protein interactions to characterize the relationship between differen-
tially expressed genes, and we screened potential hub genes according to the degree of
connection. PCR and Western blotting were used to identify the core genes.

Results: At different times of infarction, a total of 35 genes showed upregulation at all
times; however, none of the genes showed downregulation at all 3 times. Similarly, 10 hub
genes with high degrees of connectivity were identified. In vivo and in vitro experiments
suggested that expression levels of MMP-9 increased at various times after myocardial
infarction and that expression increased in a variety of cells simultaneously.

Conclusion: Expression levels of MMP-9 increase throughout the course of acute myocar-
dial infarction, and this expression has both positive and negative sides. Further studies are
needed to explore the role of MMP-9 in MI treatment. The potential values of 716, Sppl,
Ptgs2, Serpinel, Plaur, Cxcl5, Lgals3, Serpinb2, and Cdl4 are also worth exploring.
Keywords: myocardial infarction, MMP-9, GEO, microarray dataset, hub gene

Introduction

Ischemic heart disease is the main cause of death all over the world."* Acute
myocardial infarction (AMI) can be thought of as a severe, even fatal type of
ischemic cardiomyopathy.®* Coronary artery acute occlusion leads to myocardial
ischemia, hypoxia, and impaired energy supply,” leading acute imbalance of hemo-
dynamics and cardiomyocyte irreversible damage.® The current treatments of acute
myocardial infarction include thrombolysis and surgery. However, recanalization of
the blood vessels causes reperfusion injury, which aggravates myocardial damage
further 78
Myocardiocytes are non-renewable cells,” and remaining viable myocardium is

and microcirculation disturbances, damaging cardiac function.

insufficient to fully compensate for cardiac function. There is currently no treatment
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that can solve this problem completely. Therefore, it is
necessary to find new and better ways to augment current
treatment.

In the present study, we explored changes in acute
myocardial infarction in an animal model and attempted
to identify possible therapeutic targets. In order to identify
differentially expressed genes (DEGs) between AMI and
sham groups in myocardial tissue originated from mice,
we use bioinformatics methods to analyze the gene expres-
sion profiling data, downloaded from the Gene Expression
Omnibus (GEO) database. Functional enrichment analysis
was performed of the screened DEGs using Gene
Ontology (GO) functional annotation and the Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway.
Protein—protein interaction network analyses of the DEGs
were also performed to help us explore the potential hub
genes and the underlying molecular mechanisms of AMI.

Materials and Methods

Study Design

Gene expression data were obtained from GEO database,
and further screening was carried out according to the con-
ditions of a myocardial infarction in vivo model. We used
the GEO2R online analysis tool to screen out the differen-
tially expressed genes between the infarct and the sham
groups at various time points, and compare the differen-
tially expressed genes at multiple time points. Using Venn
diagrams, we identified genes that were all upregulated or
all downregulated at various time points. Then, we perform
GO and KEGG pathway analysis and protein—protein inter-
action network analysis for this segment of DEGs. By
evaluating the degree of each protein node in the protein—
protein interaction network, the 10 most important core
genes were identified. From this core gene screen, mean-
ingful genes were verified using in vivo animal models and
several in vitro cell models.

Data Sources

The gene expression datasets used in our research were
downloaded from the GEO database (https://www.ncbi.
nlm.nih.gov/geo/), which were created by NCBI, contain-
ing high-throughput gene expression data from research
institutes worldwide. After careful comparison, two micro-
array datasets (GSE775 and GSE4648) were downloaded
from GEO. GSE775 and GSE4648 were based on platform
GPL 81 (IMG_U74Av2] Affymetrix Murine Genome
U74A Version 2 Array). We further screened according

Table | Statistics and Further Screened of the Two Microarray
Databases Derived from the GEO Database

Dataset ID Infarction Time Number

Sham Mi Total
GSE4648 | day 2 2 4
GSE4648 2 day 2 2 4
GSE775 2 day | 3 4
GSE775 7 day | 3 4

to animal modeling conditions and obtained results
(Table 1). All data in this study are available free of charge
online.

Data Processing of DEGs
The GEO2R online analysis tool (https://www.ncbi.nlm.

nih.gov/geo/geo2r/) was used to identify the DEGs

between AMI and sham operation samples from mice.
We defined the adjusted P-value < 0.05 and |log FC| >
2.0 as the cutoff criteria in advance. Genes that met this
criteria were considered DEGs and genes that did not meet
the criteria were temporarily discarded. Statistical analysis
was carried out for each dataset, and the intersections were
identified using the Venn diagram web tool (http://bioinfor
matics.psb.ugent.be/webtools/Venn/) to screen out genes

that showed the same changes at three different time
points.

GO and KEGG Pathway Analysis of DEGs

GO analysis is a more common method for large-scale
gene function enrichment research. Gene function can be
divided into the following three categories: BP (biological
process), MF (molecular function), and CC (cellular com-
ponent). KEGG is a useful database that stores large
amounts of data on genomics, biological pathways, signal-
ing pathways, diseases, drugs, and chemicals. We used
Database for Annotation, Visualization and Integrated
Discovery (DAVID) tools (https://david.nciferf.gov/) to
explore GO annotation analysis and KEGG pathway
enrichment analysis of DEGs. P < 0.05 and counts > 2.0

as the cutoff criteria were considered to be statistically

significant.

Protein—Protein Interaction Network

Construction
The Search Tool for the Retrieval of Interacting Genes
(STRING) database (http://string-db.org/) is designed to
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accomplish the protein—protein interaction network ana-
lyses. To explore possible protein—protein interaction net-
work interactions, the DEGs screened previously were
mapped to the STRING database. The protein—protein
interaction pairs were extracted with a minimum required
interaction score > 0.4.

Potential Hub Gene ldentification

We used Cytoscape software (www.cytoscape.org/) and

a plugin called CytoHubba to evaluate the degree of each
protein node. Nodes with higher connectivity degree are
often more important in maintaining the stability of the
entire network, and nodes with lower connectivity degree
are relatively unimportant. In our research, the 10 most
connected protein nodes were considered to be our poten-
tial hub genes.

Animals and Myocardial Infarction Model
All related operations involving animals followed the
“Guidelines for Care and Use of Laboratory Animals”
(NIH Publication No. 85-23, revised 1996) published by
the US National Institutes of Health (Bethesda, MD,
USA). Procedures were approved by the Animal Care
and Use Committee at the Wenzhou Medical University.
All male C57/BL6 mice (67 weeks old and 20-25 g in
weight) were purchased from the SLAC Laboratory
Animal Centre of Shanghai (Shanghai, China). The myo-
cardial infarction model (MI) was implemented according
to our previous study.'® In brief, the mice were first
anesthetized with isoflurane and were intubated. Then,
a thoracotomy was performed to expose the heart at the
third or fourth rib. The left anterior descending coronary
artery was ligated using 7-0 silk thread to induce myocar-
dial ischemia. Mice in the sham group underwent the same
operation except that the arteries were not ligated.

Cell Culture and Glucose and Oxygen
Deprivation Model (OGD)

Mouse cardiomyocytes and fibroblasts were extracted from
newborn C57/B6] mice. The method was previously
The
RAW?264.7. Mouse coronary endothelial cells were purchased

described by our group." macrophages were
from ATCC. Neutrophils were obtained from peripheral blood
according to manufacturer’s instructions (Solarbio; Beijing,
China, P9201). Cells were maintained in a hypoxic incubator
(N, 94%, O, 1% and CO, 5%) for 12 hours in medium

deprived of serum and glucose.

Real-Time Quantitative PCR

Total RNA was extracted from the treated cells using
TRIzol reagent (Ambion) and was further purified. A one-
step reverse transcription amplification was performed
using a cDNA reverse transcription kit (TaKaRa), and
the corresponding primers (ShengGong, Shanghai, China)
were used for quantitative analysis.

Western Blot Analysis

Myocardial tissue/cell total protein preparation and con-
centration determination kits were from Beyotime
(Shanghai, China). Proteins of different molecular weights
were separated on SDS-PAGE gels, transferred to 0.22-pum
PVDF membranes, blocked with skimmed milk powder,
and then incubated with primary antibodies as follows:
MMP-9 (Abcam), GAPDH (CST) at 4°C overnight.
After incubating with the corresponding secondary anti-
body the next day, protein bands were scanned by
a ChemiDoc MP device (Bio-Rad, Hercules, CA, USA).
Finally, ImageJ software (NIH, USA) was used for
analysis.

Statistical Analysis

Data were presented as mean + SD and were analyzed
using SPSS version 21.0 (IBM, Armonk, NY, USA). All
data we used were normally distributed. A two-tailed
unpaired Student’s t-test was conducted to compare two
experimental groups. One way analysis of variance
(ANOVA) followed by Duncan’s T3 multiple-range test
was used for comparisons of more than two groups.
P-values less than 0.05 were considered statistically
significant.

Results

Identification of DEGs

Two gene expression profiles (GSE4648 and GSE775)
were selected (Table 1). GSE4648 included two AMI
samples and two normal samples each at 1 and 2 days
after myocardial infarction, and GSE775 at 2 days and 7
days contained three AMI specimens and one normal
specimen, respectively. Then, we sorted again according
to the infarct time (Table 2).

According to the standard of P < 0.05 and |log FC|
> 2.0, a total of 62 DEGs were identified from 1 day,
including 62 upregulated genes and 0 downregulated
gene. In another 2-day infarct group, 220 DEGs were
identified, 173 genes were upregulated and 47 genes
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Table 2 Reclassifying Two Gene Expression Profiles Based on

Infarct Time
Infarction Time Number
Sham Mi Total
| day 2 2 4
2 day 3 5 8
7 day |

Table 3 Number of Differential Genes in Different Infarct

Groups
Infarction Time Number
Up Down Total
| day 62 0 62
2 day 173 47 220
7 day 602 218 820

were downregulated. In the 7-day infarction group, there
were 820 DEGs, containing 602 upregulated genes and
218 downregulated genes (Table 3). All DEGs were com-
pared between AMI samples and normal samples. The
differentially expressed genes that intersected with one
another were then obtained using Venn analysis (Figure
1A and B). Finally, we obtained 35 upregulated DEGs
with significantly differential expression in all three infarct
groups; however, there were no differential genes that
were downregulated.

Functional Enrichment Analyses of DEGs
We used DAVID to work on our DEGs to perform GO
annotation analysis and KEGG pathway enrichment ana-
lysis (Table 4).

The GO analysis results were composed of three parts:
biological process, cell component, and molecular func-
tion. The biological process (BP) showed significantly
altered inflammatory responses, positive regulation of
gene expression, positive regulation of cell proliferation,
negative regulation of apoptotic process, regulation of cell
proliferation, immune response, wound healing, chemo-
taxis, response to lipopolysaccharide, cellular response to
lipopolysaccharide, angiogenesis and negative regulation
of gene expression. The DEGs were enriched in cell com-
ponent (CC), including extracellular region, extracellular
space, extracellular exosome, extracellular matrix, and
external side of plasma membrane. For the molecular
function (MF), the DEGs were enriched in fibronectin

binding and peptidase inhibitor activity. Otherwise, the
enriched KEGG pathway included transcriptional misre-
gulation in cancer, amoebiasis and cytokine—cytokine
receptor interaction.

Protein—Protein Interaction Network
Construction and Hub Gene

Identification

The protein—protein interactions of the DEGs were predicted
using STRING tools. A total of 32 nodes and 117 edges were
related in the protein—protein interaction network (Figure
1C). The top 10 core genes were selected using connectivity
degrees in the protein—protein interaction network. Their
names and functions are display in Table 5. Interleukin
6 (116) was the most obvious gene with connectivity degree
= 22; the next one was matrix metallopeptidase 9 (MMP-9,
degree = 20), followed by secreted phosphoprotein 1 (Spp/;
degree = 12), prostaglandin-endoperoxide synthase 2
(Ptgs2; degree = 12), serine (or cysteine) peptidase inhibitor,
clade E, member 1 (Serpinel; degree = 11), plasminogen
activator, urokinase receptor (Plaur; degree = 10), chemo-
kine (C-X-C motif) ligand 5 (Cxcl5; degree = 10), lectin,
galactose binding, soluble 3 (Lgals3; degree = 10), serine (or
cysteine) peptidase inhibitor, clade B, member 2 (Serpinb2;
degree =9), and CD14 antigen (Cd14; degree =9). All of the
above core genes belong to the upregulation group.

In vivo and vitro Experimental Verification
Considering that there have been many reports related to
IL-6 and myocardial infarction,'* and connectivity
degrees, we focused on measuring changes in MMP-9
expression levels. First, we measured changes in MMP-9
mRNA levels in myocardial infarction samples. Consistent
with the microarray results, there were increases in expres-
sion levels at 1, 2, and 7 days after infarction (Figure 2A).
Because each microarray result is a comparison between
the infarct group and the sham group, we also focused on
the comparison in mRNA levels between the infarct group
and the sham group. However, we also saw that mRNA
levels at 2 days of infarction were significantly higher than
those of the previous day, and that changes in MMP-9
mRNA levels between different infarction groups were
also worthy of follow-up study. We also measured changes
in individual cells, including cardiomyocytes, fibroblasts,
endothelial cells, macrophages and neutrophils. We found
that there were different degrees of elevation in different
cells (Figure 2B-F). Among them, the changes in
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Figure | Venn diagram of DEGs and protein—protein interaction network. (A) Upregulated genes of DEGs common to all three infarct groups. (B) Downregulated genes of
DEGs common to all three infarct groups. (C) Protein—protein interaction network constituted with the DEGs.

macrophages and neutrophils were the most obvious,
which preliminarily suggests that these two kinds of cells
play a substantial role in the increase of MMP-9 expres-
sion during myocardial infarction.

We also needed to detect changes in protein levels.
Looking at the in vivo model first, we found that expres-
sion levels of MMP-9 increased sequentially over time
(Figure 2G and H), which was not consistent with the
results of mRNA measurements. The mRNA results
showed that the 7th day was slightly lower than the
2nd day; however, protein levels on the 7th day higher
than those of the 2nd day. We speculated that the change in
MMP-9 mRNA expression may occur earlier than the
protein level changes. We monitored expression levels of

MMP-9 in in vitro models, including cardiomyocytes,
fibroblasts, endothelial cells, and macrophages, and found
that MMP-9 expression all increased after 12 hours of
OGD treatment (Figure 2I-P). The difference was that
the increase in MMP-9 was not consistent in various cell

types.

Discussion

Although some progress has been made in terms of revas-
cularization, surgical treatment, and drug treatment, cardi-
ovascular diseases, especially acute myocardial infarction
(AMI), remain the leading cause of death in developed
countries.'” Cardiomyocytes are non-renewable cells,’
that  will residual

cause under-compensation for

Clinical Interventions in Aging 2020:15

submit your manuscript

2237

Dove


http://www.dovepress.com
http://www.dovepress.com

Yu et al

Dove

Table 4 GO and KEGG Pathway Enrichment Analysis of DEGs

Category Term Description Count P-value

BP term GO:0006954 Inflammatory response 10 2.96E-09

BP term GO:0010628 Positive regulation of gene expression 7 4.21E-05

BP term GO:0008284 Positive regulation of cell proliferation 7 2.27E-04

BP term GO:0043066 Negative regulation of apoptotic process 6 0.002199481
BP term GO:0042127 Regulation of cell proliferation 5 5.13E-04

BP term GO:0006955 Immune response 5 0.001008589
BP term GO:0042060 Wound healing 4 4.99E-04

BP term GO:0006935 Chemotaxis 4 9.67E-04

BP term GO:0032496 Response to lipopolysaccharide 4 0.00416379
BP term GO:0071222 Cellular response to lipopolysaccharide 4 0.004910328
BP term GO:0001525 Angiogenesis 4 0.007114784
BP term GO:0010629 Negative regulation of gene expression 4 0.009434043
CC term GO:0005576 Extracellular region 16 2.21E-08
CC term GO:0005615 Extracellular space 15 2.80E-08
CC term GO:0070062 Extracellular exosome 13 6.27E-04
CC term GO:0031012 Extracellular matrix 5 0.001266141
CC term GO:0009897 External side of plasma membrane 5 0.001669616
MF term GO:0001968 Fibronectin binding 4 1.32E-05

MF term GO:0030414 Peptidase inhibitor activity 4 9.85E-04
KEGG pathway mmu05202 Transcriptional misregulation in cancer 6 3.90E-05
KEGG pathway mmu05 146 Amoebiasis 5 1.65E-04
KEGG pathway mmu04060 Cytokine—cytokine receptor interaction 5 0.002552568

Table 5 Top 10 Core Genes with Higher Degrees of
Connectivity
Gene Gene Description Degree
Symbol
116 Interleukin 6 22
MMP-9 Matrix metallopeptidase 9 20
Sppl Secreted phosphoprotein | 12
Ptgs2 Prostaglandin-endoperoxide synthase 2 12
Serpine | Serine (or cysteine) peptidase inhibitor, I
clade E, member |
Plaur Plasminogen activator, urokinase receptor 10
Cxcl5 Chemokine (C-X-C motif) ligand 5 10
Lgals3 Lectin, galactose binding, soluble 3 10
Serpinb2 Serine (or cysteine) peptidase inhibitor, 9
clade B, member 2
Cdl4 CD14 antigen 9

myocardium in the context of AMI. To better study the
pathophysiological changes after the onset of acute myo-
cardial infarction, the greatest limitation is that it is diffi-
cult to obtain myocardial tissue samples after the
event.'>'* Therefore, in the present study, we screened
microarray datasets after simulated acute myocardial
infarction in C57/BL6 mice. To better simulate acute

myocardial infarction, we set the infarct time between

1 and 7 days.'® The expectation was that we would iden-
tify new targets for the treatment of acute myocardial
infarction or that we would identify pathways to advance
relevant research.

In the present study, differentially expressed genes,
protein—protein interactions, and biological functional
enrichment were used based on publicly available data-
bases to identify potential core genes associated with acute
myocardial infarction. DEGs between AMI and healthy
heart were screened out based on the GEO database. We
identified 35 upregulated DEGs. These DEGs were asso-
ciated with GO terms such as extracellular region, extra-
cellular space, extracellular exosome and inflammatory
response, and were significantly enriched in the KEGG
terms transcriptional misregulation in cancer, amoebiasis
and cytokine—cytokine receptor interaction. A protein—pro-
tein interaction network was built to investigate the inter-
relationship of the DEGs, and 10 core genes were
identified, including 7/6, MMP-9, Sppl, Ptgs2, Serpinel,
Plaur, Cxcl5, Lgals3, Serpinb2, and Cdl4. All the core
genes were in the upregulation group.

Our GO analysis found that the main differences were
concentrated in the cell component (CC) part, especially
extracellular. Among the core genes we screened from the
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Figure 2 mRNA and protein expression levels in vivo and in vitro models. (A) The mRNA expression of MMP-9 within the myocardial infarction tissue, (n=3). (B—F) The
mRNA expression of MMP-9 within the cardiomyocytes, fibroblasts, endothelial cells, macrophage and neutrophils, (n=3). (G, H) The protein expression of MMP-9 within
the myocardial infarction tissue, (n=4). (I, J) The protein expression of MMP-9 within the cardiomyocytes, (n=3). (K, L) The protein expression of MMP-9 within the
fibroblasts, (n=3). (M, N) The protein expression of MMP-9 within the endothelial cells, (n=3). (O, P) The protein expression of MMP-9 within the macrophage, (n=3). Data
are means * SDs, *P < 0.05; **P < 0.01.

protein—protein interaction network, /L6 and MMP-9 were
the most significant. /L6 is often used as an evaluative
indicator,'® and there have been many studies of it related
to MI;12 therefore, here, we discussed changes in MMP-9
expression.

MMP-9, also called matrix metalloproteinase 9, is
encoded by the MMP-9 gene and is part of the zinc-
dependent endopeptidase family.!” MMP-9 is secreted by
a variety of cells, including endogenous cardiomyocytes,
fibroblasts, and endothelial cells, as well as leukocytes that
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temporarily infiltrate by infarcted heart muscle.'® 2’

Studies have reported that, in human and animal models,
infiltrating neutrophils are the main source of MMP-9 after
myocardial infarction.?' ?* Of course, macrophages are

9,256 and all this is in line

also a major source of MMP-
with our experimental results. Authors believe that MMP-9
released by neutrophils is highest on the first day of acute
myocardial infarction, and it is released on day 5 by
macrophages.””~’ However, although our results also
show that neutrophils and macrophages secrete MMP-9
much higher than other cells, our in vitro model adopted
a single oxygen deprivation condition that could not fully
simulate various time points after myocardial infarction. It
could only show that the expression of MMP-9 in the
in vivo model continued to increase over time, and was
accomplished by a variety of cells. We could no measure
specific changes in certain cells over time, and this was
a limitation. In addition, our verification results displayed
an unusual finding: We found that protein levels of MMP-
9 were higher on day 7 than on day 2; however, mRNA
levels of MMP-9 on day 7 appeared to be slightly lower
than those of day 2. We believe this is reasonable because
the translation of mRNA into protein requires some time,
which means that it takes a while to complete from the
change in mRNA to the subsequent change at the protein
level. We took samples of myocardial infarction tissue at
the same times; nevertheless, there was a period of time
between 2 and 7 days after myocardial infarction. During
this time, the mRNA may have increased to a peak and
began to decline, and the protein change may have just
begun or even had not started to change.

MMP-9 has many roles in myocardial infarction. First,
MMP-9 was involved in the degradation of extracellular
matrix (ECM),”® and the degradation of ECM increased
leukocyte infiltration at the expense of increased micro-
vascular permeability.**** MMP-9 also regulated left ven-

infarction.3%>!

tricular remodeling after myocardial
Attenuating MMP-9 expression attenuated collagen degra-
dation and reduce left ventricular rupture in mice.>? It
activates or inactivates chemokines and cytokines to exer-
cise completely different functions.*® Angiogenesis is an
important compensatory factor after myocardial infarction
that is also closely related to MMP-9. MMP-9 clears the
ECM around the endothelial cells after myocardial infarc-
tion, thereby promoting proliferation and migration.*®
MMP-9 also enhances the interactions between VEGF
and its receptor, opening the switch of angiogenesis.*>**

MMP-9 is directly required for angiogenesis and vascular

remodeling. Indirectly, MMP-9 cleaves type 4 collagen in
the basement membrane to induce endothelial growth and
migration.*>* In this way, MMP-9 is helpful for angio-
genesis. Paradoxically, however, studies have reported that
the loss of MMP-9 promoted the formation of blood
vessels.”’>° It is worthwhile speculating whether MMP-9
promotes or inhibits the formation of blood vessels in
different ways. We speculate that MMP-9 promotes
blood vessel formation, at least for certain periods of
time. Nevertheless, there are stages in which MMP-9 inhi-
bits angiogenesis or regulatory functions. Regarding the
lack of MMP-9 promoting angiogenesis, it can be sug-
gested that MMP-9 plays a more important role in mediat-
ing damage of the entire infarct. We speculate that this
occurs at some specific times or for some specific cells.
The protection provided by MMP-9 is indispensable.
Similarly, the ability of MMP-9 to degrade some proteins
can help clear necrotic cells after ischemia, thereby redu-
cing secondary damage.®’

Taken together, the data suggest that MMP-9 has both
a good side and a bad side after myocardial infarction,
especially with respect to angiogenesis. There may be
conflicts in other areas; however, we have not mentioned
them here and further studies are needed to explore them.
Because MMP-9 has so many effects in myocardial infarc-
tion, it is clear that targeted regulation of MMP-9 can
improve myocardial ischemic injury to some extent.
Unfortunately, the only currently approved MMP inhibitor
is doxycycline, and unfortunately, this is an antibacterial
drug, although studies have reported that it can weaken the

P . 3839
damage of myocardial infarction; ™

nevertheless, we
also need to consider what side effects can be caused by
direct application. Fortunately, specific inhibitors of MMP-
9 have been tested in some disease models; these inhibi-
tors include SB-3CT,* JNJ0966,*!
acid A.*?

However, as mentioned above, MMP-9 is produced by

and salvianolic

different cells at various times after the occurrence of
myocardial infarction, or multiple cells are produced at
the same time that also produce the same or opposite
effects through different signaling pathways. Therefore,
MMP-9 inhibitors cannot be simply used, and it is neces-
sary to consider different periods and duration of action. It
is compelling to consider the use of MMP-9 inhibitors to
inhibit all the functions of MMP-9 functions while using
some means to maintain the beneficial properties of MMP-
9 regulation.
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In addition to MMP-9, we identified nine other core
genes associated with acute myocardial infarction, includ-
ing 116, Sppl, Ptgs2, Serpinel, Plaur, Cxcl5, Lgals3,
Serpinb2, and Cdl4. Many of these genes are also closely
related to myocardial infarction. 116 is a well-known inflam-
mation-related gene, and many studies regard it as an indi-
cator of inflammation.**** We did not discuss it in depth.
Ptgs2, also called COX-2, promotes cell proliferation in
tumors, accelerates angiogenesis,*” and reduces inflamma-
tion in myocardial infarction.*® Sppl is involved in the
repair of osteopontin in myocardial infarction.*” Mutations
in the Serpinel gene affect the risk of myocardial
4 which

plasminogen activator receptor (Upar), may affect the sus-

infarction. Plaur, codes for urokinase-
ceptibility to MIL,** Cxcl5 affects the formation of new
blood vessels in myocardial infarction.’® Regarding
Lgals3 and Serpinb2 in myocardial infarction, there are
not many studies. Cdl4 is used as a cell marker.’' Its
specific function is not very clear, and further research is
needed. Nevertheless, these genes all have promise as

potential therapeutic targets.

Conclusion

Our bioinformatics analysis was based on the gene expres-
sion dataset obtained from the GEO database and identi-
fied 10 hub genes that are differentially expressed between
normal myocardium and infarcted myocardium: MMP-9,
116, Spp1, Ptgs2, Serpinel, Plaur, Cxcl5, Lgals3, Serpinb2,
and Cdl4. All these genes are upregulated when myocar-
dial infarction occurs, and are likely to be related to the
progression of myocardial infarction. In AMI patients, we
believe MMP-9 is likely to be an important potential
target. Our research results need further research. In
short, MMP-9 may play an important role in AMI.
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