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Potential biomarkers of acute myocardial infarction
based on co-expression network analysis
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Abstract. Acute myocardial infarction (AMI) is a common
cause of death in numerous countries. Understanding the
molecular mechanisms of the disease and analyzing potential
biomarkers of AMI is crucial. However, specific diagnostic
biomarkers have thus far not been fully established and candi-
date regulatory targets for AMI remain to be determined. In the
present study, the AMI gene chip dataset GSE48060 comprising
blood samples from control subjects with normal cardiac func-
tion (n=21) and patients with AMI (n=26) was downloaded from
Gene Expression Omnibus. The differentially expressed genes
(DEGs) between the AMI and control groups were identified with
the online tool GEO2R. The co-expression network of DEGs
was analyzed by calculating the Pearson correlation coefficient
of all gene pairs, mutual rank screening and cutoff threshold
screening. Subsequently, the Gene Ontology (GO) database was
used to analyze the genes' functions and pathway enrichment
of genes in the most important modules was performed. Kyoto
Encyclopedia of Genes and Genomes (KEGG) Disease and
BioCyc were used to analyze the hub genes in the module to
determine important sub-pathways. In addition, the expression
of hub genes was confirmed by reverse transcription-quantita-
tive PCR in AMI and control specimens. In the present study,
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52 DEGs, including 26 upregulated and 26 downregulated
genes, were identified. As key hub genes, three upregulated
genes (AKR1C3,RPS24 and P2RY12) and three downregulated
genes (ACSLI, B3GNTS and MGAM) were identified from the
co-expression network. Furthermore, GO enrichment analysis
of all AMI co-expression network genes revealed functional
enrichment mainly in ‘RAGE receptor binding’ and ‘negative
regulation of T cell cytokine production’. In addition, KEGG
Disease and BioCyc analysis indicated functional enrichment
of the genes RPS24 and P2RY12 in ‘cardiovascular diseases’,
of AKRI1C3 in ‘cardenolide biosynthesis’, of MGAM in ‘glyco-
genolysis’, of B3GNTS in ‘glycosphingolipid biosynthesis” and
of ACSL1 in ‘icosapentaenoate biosynthesis II'. In conclusion,
the hub genes AKRI1C3, RPS24, P2RY12, ACSL1, B3GNTS5
and MGAM are potential markers of AMI, and have potential
application value in the diagnosis of AMI.

Introduction

Despite significant progress in vascular remodeling strate-
gies, drug therapy, cardiac rehabilitation algorithms and
organ transplantation, acute myocardial infarction (AMI), as
a cardiovascular disease, remains a major cause of morbidity
and mortality worldwide (1). There are numerous risk factors
for AMI, including smoking, obesity, high serum cholesterol,
hypertension and diabetes, which may partly predict AMI,
but they are not sufficient to provide an acute diagnosis (2,3).
Despite countless efforts, the prevention and treatment of this
disease remains a major challenge for scientists. At present,
this disease has become the major and most common threat to
human life (4,5). Therefore, it is urgent to reveal the pathogenic
mechanisms of AMI and develop novel treatment strategies.
Early detection of AMI contributes to early treatment
interventions and may significantly reduce mortality (6).
Numerous studies have investigated potential molecular
biomarkers for AMI detection; certain genes and proteins,
such as monocyte-platelet aggregation, cardiac fatty acid
binding protein and troponin I, have been established as
effective markers for the diagnosis of AMI (6-8). In addition,
a large number of microRNAs (miRs) are considered to be
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key markers for AMI, including circulating miR-26a-1 (9),
miR-17-5p (10) and miR-23a (11). However, interactions
between these molecules and altered pathways were rarely
reported, and the molecular pathogenesis of AMI has remained
largely elusive. Suresh et al (12) established gene expression
profiles through microarrays, and compared the differentially
expressed genes (DEGs) between AMI samples and normal
samples, as well as the dysregulated pathways involving these
DEGs. However, they only focused on pathways and recurring
events. The regulatory correlation between these genes was
not further investigated. Therefore, a study by Gao er al (13)
reanalyzed the GSE48060 microarray dataset from the above
study and performed protein-protein interaction (PPI) network
analysis and transcription factor network analysis after
identifying DEGs in AMI samples. Although they predicted
several key genes in the progression of AMI, such as C-C
chemokine ligand 5, BCL3 and nuclear receptor coactivator 7,
subchannel analysis and co-expression network analysis were
not performed (13).

Co-expression network analysis is a useful method
that has been widely used for gene expression to identify
key disease-related modules (14,15). For instance, using
co-expression network analysis, Saris er al (16) selected
two large co-expression modules related to amyotrophic
lateral sclerosis. By analyzing the gene expression pattern,
Azuaje et al (17) determined the weighted correlation network
analysis (WGCNA) in myocardial infarction to determine the
potential role of collagen 5 a2 and its transcription pattern.
Malki et al (18) constructed a gene co-expression network
to identify the expression of nerve tumor abdominal wall
antigen 1 and ubiquitin-specific peptidase 9, X-linked, and
indicated that the most significant modules are related to
depression and drug treatment response. A co-expression
network analysis identified spleen tyrosine kinase as a candi-
date oncogene for small cell lung cancer (19). Zhao et al (20),
through a co-expression network analysis combined with
methylation data analysis, determined that dedicator of cyto-
kinesis factor 2 (DOCK2), DOCKS and IgG Fc fragments,
low-affinity Ila, receptor may represent potential therapeutic
targets. Therefore, co-expression network analysis may be
used for the analysis of AMI chip data.

In the present study, the gene chip dataset GSE48060
from Suresh et al (12) was reanalyzed and co-expression
network analysis, enrichment analysis and PPI analysis were
performed. In addition, in terms of DEG screening, compared
with Zhang et al (21), in addition to a co-expression network
and PPI analysis, Kyoto Encyclopedia of Genes and Genomes
(KEGG) Disease and BioCyc analyses were also performed
on DEGs to deeply investigate gene functions. The present
study aimed to reveal the molecular basis of the occurrence
and development of AMI, and provide novel and more accurate
potential biomarkers for the detection and treatment of AMI.

Materials and methods

Dataresource and differential expression analysis. The dataset
GSE48060, consisting of 47 microarray expression profiles,
was downloaded from the Gene Expression Omnibus (GEO)
database (http://www.ncbi.nlm.nih.gov/geo). The sample data
were obtained from the peripheral blood of 26 patients without

recurrence (AMI samples) and 21 controls with normal heart
function (control samples). The platform of the dataset was
GPL570 (HG-ul33pulus2; Affymetrix human genome U133).
The DEGs were analyzed by the GEO2R tool (https:/www.
ncbi.nlm.nih.gov/geo/geo2r/) in the AMI and control groups,
which were selected according to a threshold of [log2FCl =0.5.

AMI specimens. Between January 1, 2020 and May 30, 2020,
31 cases and 31 controls of whole blood samples were collected
from the Cardiovascular Department of Internal Medicine of
Central Hospital of Karamay (Karamay, China). The blood
samples were collected from first-time AMI patients within 48 h
post-MI and controls (with a normal echocardiogram). Patients
that had history of cardiovascular disease, or had clinical or
biochemical evidence of other comorbidities were excluded.
Data of the patients and controls are provided in Table SI.

Co-expression analysis. To construct a co-expression network,
the Pearson correlation coefficient (PCC) values of all combi-
nations of the 28,492 unique probes from the GSE48060
series substrate were calculated. Gene pairs with P<0.05 were
selected and the PCC threshold was set to 0.88, corresponding
to the 99th percentile of the random PCC distribution as
described above (22). According to a previous study (23), the
mutual rank (MR) value between gene pairs was also calcu-
lated as another value of co-expression to further reduce the
number of false positives. Only gene pairs with an absolute
MR <10 were considered to be important connections for
the co-expression network. The calculation was performed
by Bioconductor in R (R version 3.6.2, https://cran.r-project.
org/bin/windows/base/old/3.6.2/). To extract the acute
myocardial infarction subnet dataset, 2 steps were taken from
the guide gene to extract the vicinity of the network, as previ-
ously described by Mutwil ez al (24). Cystoscope software
(https://cytoscape.org/) was used to illustrate the network.

Gene Ontology (GO) analysis. GO functional enrichment
analysis (25,26) was performed to obtain the genes associ-
ated with AMI and to determine their functional terms in the
cellular component (CC), biological process (BP) and molec-
ular function (MF) categories. The functional terms for the GO
enrichment analysis and expression coherence (EC) analysis
were retrieved from the Database for Annotation, Visualization
and Integrated Discovery (http:/david.abce.nciferf.gov/). For
the GO enrichment analysis, the significant differences of GO
enrichment by DEGs and co-expressed network genes were
evaluated against a background set consisting of 52 genes and
256 genes, respectively. With multiple test correlations, FDR
<0.05 for BP, MF and CC were set as significance thresholds.

KEGG Disease and BioCyc analysis. KEGG Disease and
BioCyc analysis of DEGs and co-expression network genes
were performed through using the KEGG Orthology-Based
on KOBAS 2.0 (27-30), the results of the enrichment were
analyzed by Fisher's exact test, using P<0.05 as the significance
threshold.

Reverse transcription-quantitative (RT-q)PCR. Complete
RNA was extracted from the whole blood with TRIzol®
reagent (Sangon Biotech Co., Ltd.) and all mRNA was
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Figure 1. Heat map of differentially expressed genes in AMI. Columns of the heat map represent individual samples with patients with AMI on the left-hand side
and controls on the right-hand side, while rows represent all differentially expressed probe-sets. The heat map's color gradient represents relative expression,
with upregulated genes displayed in red and downregulated genes in blue. AMI, acute myocardial infarction; Ctrl, control.

subjected to RT and qPCR using a PrimeScript® RT Master
Mix Perfect Real Time kit (Takara Bio Inc.) and SYBR Green
Master Mix (Applied Biosystems; Thermo Fisher Scientific,
Inc.), respectively, according to the manufacturers' protocol.

qPCR was performed on an Applied Biosystems 7900HT
Real-Time System (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The program was as follows: 2 min at 95°C
followed by 40 cycles of 20 sec at 95°C and 30 sec at 60°C.
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Figure 2. Co-expression subnetwork constructed using three genes upregulated in AMI as guide genes (AKR1C3, RPS24 and P2RY12). A link between two
nodes indicates a direct interaction with P<0.05, PCC =0.88 and MR <10. The subnetwork vicinity is extracted by taking two steps out from each guide gene.
AMI, acute myocardial infarction; PCC, Pearson correlation coefficient; MR, mutual rank; AKRI1C3, aldo-keto reductase 1 C3; RPS24, ribosomal protein

S24; P2RY 12, purinergic receptor P2Y12.

The genes were amplified using the following specific primers:
i) aldo-keto reductase family 1 member C3 (AKRIC3) gene,
5'-GAGACAAACGATGGGTGGACC-3' and 5'-TGGAAC
TCAAAAACCTGCACG-3'; ii) purinergic receptor P2Y12
(P2RY12) gene, 5-CACTGCTCTACACTGTCCTGT-3'
and 5'-AGTGGTCCTGTTCCCAGTTTG-3'; iii) ribosomal
protein S24 (RPS24) gene, 5-~ATGAACGACACCGTAACT
ATCCG-3' and 5'-CCGAATTTCTGTCTTAGGCACTG-3
iv) acyl-CoA synthetase long chain family member 1 (ACSL1)
gene, 5-CGACGAGCCCTTGGTGTATTT-3' and 5-GGT
TTCCGAGAGCCTAAACAA-3"; v) UDP-GIcNAc:fGal B-1,
3-N-acetylglucosaminyltransferase 5 (B3GNTS5) gene, 5-TTC

AAGACTTTTGGATTGGTCGT-3' and 5'-CGGCTGTGT
AGTCAGGGTAAG-3"; vi) maltase-glucoamylase (MGAM)
gene, 5-GCTCAGTGTTCTTCTGCTTGT-3'and 5'-CGTTGT
CCTAGCATGTGTGGTA-3'; vii) glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) gene, 5-GGGAAACTGTGGCGT
GAT-3' and 5-GAGTGGGTGTCGCTGTTGA-3". The results
were analyzed using the 224 method (31).

ELISA. The collected blood samples were centrifuged at 22°C
and 3,000 x g for 10 min. The supernatants were collected into
1.5 ml tubes and preserved at -80°C for subsequent analysis.
The concentrations of AKR1C3, P2RY12, RPS24, ACSL1,
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Figure 3. Co-expression subnetwork constructed using three genes downregulated in AMI as guide genes (ACSL1, B3GNTS and MGAM). ACSL1, acyl-CoA
synthetase long chain family member 1; B3GNTS, UDP-GlcNAc:$Gal $-1,3-N-acetylglucosaminyltransferase 5; MGAM, maltase-glucoamylase; FC, fold

change; PCC, Pearson correlation coefficient..

B3GNTS5 and MGAM were interpolated from a standard curve
using linear regression analysis, according to the instructions
of the ELISA kits (AKR1C3, cat. no. IM-1169H1; P2RY12,
cat. no. JM-1165H1; RPS24, cat. no. JM-1162H1; ACSLI,
cat. no. JM-1172H1; B3GNTS5, cat. no. JM-1159H1; MGAM,
cat. no. JM-1188H1; JingMei Biotechnology Co., Ltd.).
The absorbance was measured at a wavelength of 450 nm
using an ELx800 microplate spectrophotometer (BioTek
Instruments, Inc.).

Statistical analysis. ELISA and RT-qPCR experimental data
were expressed as the mean + standard deviation. Statistical
significance was evaluated using Student's t-test using
GraphPad Prism 6.0 (GraphPad Software, Inc.). P<0.05 was
considered to indicate a statistically significant difference.

Results

Data preprocessing and DEG screening. After data prepro-
cessing, an expression matrix of 24,277 genes was obtained

from 47 samples (Table SII). Under the threshold of llog2FCl
=0.5, a total of 52 DEGs were selected for subsequent analysis,
including 26 upregulated genes and 26 downregulated genes.
The heat map displaying the results of the gene expression
cluster analysis indicated that these DEGs were able to clearly
distinguish the two samples (Fig. 1 and Table SIII), indicating
that these DEGs were suitable for further use in the subsequent
analysis.

Functional enrichment of DEGs. GO analysis of 52 DEGs
indicated that ‘MHC class I protein complex binding’,
‘cellular response to prostaglandin D stimulus’ and ‘natural
killer cell-mediated immunity’ were significantly enriched
terms (Fig. S1 and Table SIV). Furthermore, KEGG Disease
analysis was performed on the 52 obtained DEGs and the
results suggested that the DEGs were mainly involved in
cardiovascular diseases (Table SV). In addition, BioCyc
analysis revealed that these DEGs are mainly related to carde-
nolide biosynthesis, glycosphingolipids biosynthesis, fatty
acid activation and glycogenolysis.
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Figure 4. GO term analysis in the categories BP, MF and CC for the co-expression network genes for acute myocardial infarction. The negative logarithm of
the P-value (x-axis) indicates the significance of the gene set belonging to predefined categories under the co-expression network gene background. The y-axis
represents each GO category. The gene number and EC value of the category in the subnetwork are presented in brackets. GO, Gene Ontology; BP, biological
process; MF, molecular function; CC, cellular component; EC, expression coherence.

Co-expression network analysis. According to the character
string database, the PCC of all gene pairs was calculated
and those with P<0.05 were selected. Finally, 256 genes
co-expressed with DEGs were obtained through calculating
the MR (<10) and PCC =0.88 in each pair of genes (as cutoff).
The results of the co-expression network analysis revealed
that 8 gene modules were upregulated (marked in red; Fig. 2)
and 8 gene modules were downregulated (marked in blue;
Fig. 3). Among them, the expression levels of AKRIC3,
RPS24 and P2RY12 as key hub genes were upregulated (Fig. 2
and Table SIIT) and ACSLI1, B3GNTS5 and MGAM were
downregulated (Fig. 3 and Table SIII).

Functional enrichment of genes in co-expression networks.
Through analysis of the genes in this module by GO, it was
revealed that ‘RAGE receptor binding’, ‘positive regulation
of killing of cells of other organism’, ‘leukocyte aggregation’
and ‘negative regulation of T-cell cytokine production’ were
significantly enriched terms (Fig. 4 and Table SVI).
Furthermore, KEGG Disease and BioCyc analysis was
performed and a co-expression network was constructed,
containing 256 genes. A total of three co-expression subnets
centered on upregulated genes (AKR1C3,RPS24 and P2RY12)
and three co-expression subnets centered on downregulated
genes (ACSL1, B3GNT5 and MGAM) were obtained. The
genes with upregulated expression had significant asso-
ciations with functions such as ‘cardiovascular diseases’
and ‘cardenolide biosynthesis’ (Table I). The downregulated
genes had significant associations with functions such as
‘glycogenolysis’, ‘glycosphingolipids biosynthesis’ and ‘fatty
acid activation’ (Table I). Of note, all of them also participated

in the enrichment of the 52 DEGs obtained by the KEGG
and BioCyc analysis in the present study. This suggested
that certain genes that have not been previously reported to
be involved in AMI may be mined from reported microarray
data and novel interactions between these genes may also be
identified from the connections in the network. AMI develop-
ment is a distinct biological event and co-expression network
analysis may have the greatest potential for identifying gene
interactions in AMI.

Expression of hub genes in AMI specimens. To further
investigate the mRNA and protein levels of hub genes in
patients with AMI, the protein levels of AKRIC3, RPS24,
P2RY12, ACSLI1, B3GNT5 and MGAM were assessed
in 31 AMI patients (20 males and 11 females, age from
49 to 82, medians: 70) and 31 normal individuals (17 males
and 14 females, age from 46 to 83, medians: 68) of whole
blood samples using ELISA. As depicted in Fig. 5, AKR1C3
and P2RY12 content were significantly increased in
patients with AMI relative to that in the normal adjacent
group (P<0.01; Fig. 5A and B), while the increase in RPS24
content was not significant (Fig. 5C). The contents of ACSL1
and MGAM were slightly decreased in patients with AMI
(Fig. 5D and F), but only the B3GNTS5 content was signifi-
cantly decreased (P<0.05; Fig. 5E). Further verification at
the mRNA levels by RT-qPCR indicated that the relative
expression of AKR1C3, RPS24 and P2RY12 was signifi-
cantly increased in patients with AMI relative to that of the
normal adjacent group (P<0.01; Fig. S2A-C). By contrast,
the relative expression of ACSLI1, B3GNTS5 and MGAM
was significantly decreased in patients with AMI (P<0.01;
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Table I. KEGG Disease and BioCyc analysis of co-expressed genes with differentially expressed genes.

Input Background
Term Database number number P-value Input
Cardiovascular diseases KEGG 5 342 0.00375 IFNGIHK2IRPS24|
Disease F5IP2RY 12

Triacylglycerol biosynthesis BioCyc 3 26 0.000086 MBOAT2IDGAT2I

MBOAT7
Glycogenolysis BioCyc 2 7 0.000305 MGAMIPYGL
CDP-diacylglycerol BioCyc 2 17 0.00142 MBOAT2IMBOAT7
biosynthesis
Super pathway of BioCyc 2 25 0.002869 ST3GAL2I
glycosphingolipids biosynthesis B3GNT5
Fructose 2,6-bisphosphate BioCyc 1 5 0.017499 PFKFB3
synthesis
Allopregnanolone biosynthesis BioCyc 1 6 0.020386 AKRI1C3
Pyrimidine ribonucleosides BioCyc 1 6 0.020386 UPP1
degradation
Coenzyme A biosynthesis BioCyc 1 6 0.020386 PPCDC
Cardenolide biosynthesis BioCyc 1 6 0.020386 AKRIC3
Globo-series glycosphingolipids BioCyc 1 8 0.026134 ST3GAL2
biosynthesis
Lacto-series glycosphingolipids BioCyc 1 8 0.026134 B3GNTS5
biosynthesis
Chondroitin sulfate biosynthesis BioCyc 1 9 0.028995 CHST2
(late stages)
Ganglio-series BioCyc 1 9 0.028995 ST3GAL2
glycosphingolipids biosynthesis
Androgen biosynthesis BioCyc 1 11 0.034693 AKRI1C3
Neolacto-series BioCyc 1 13 0.040358 B3GNT5
glycosphingolipids biosynthesis
Icosapentaenoate biosynthesis II BioCyc 1 13 0.040358 ACSL1
(metazoa)
BMP signaling pathway BioCyc 1 13 0.040358 SMAD7
Gamma-linolenate biosynthesis BioCyc 1 14 0.043178 ACSL1
Fatty acid activation BioCyc 1 15 0.04599 ACSLI
Arachidonate biosynthesis IIT BioCyc 1 16 0.048793 ACSL1

(metazoa)

KEGG, Kyoto Encyclopedia of Genes and Genomes.

Fig. S2D-F). These findings were consistent with the data of
the microarray expression profiles.

Discussion

AMI is a serious cardiovascular disease that poses a serious
threat to human life; it may cause congestive heart failure
and malignant arrhythmias, leading to high morbidity and
mortality (32). Although thrombolysis and percutaneous coro-
nary intervention may improve the prognosis of patients with
AMI, numerous patients eventually develop heart failure or
arrhythmia due to unknown etiology (33). Looking for potential
diagnostic biomarkers of AMI and possible regulatory targets
may help reduce the mortality of AMI. The systematic biological

analysis of gene expression profiles provides a useful method
for elucidating the possible mechanisms of myocardial infarc-
tion from the perspective of gene regulation (34). Using gene
expression profiles, sufficient information concerning changes
in gene expression associated with disease may be obtained.
Kiliszek et al (35) performed microarray methods to demon-
strate that, during ST-elevation myocardial infarction, numerous
genes exhibit altered expression, including those involved in
platelet function, lipid/glucose metabolism and atherosclerotic
plaque stability. Based on the systematic level of gene expres-
sion profiling, gene co-expression network analysis may be used
as an alternative method for analyzing profiling data to gain a
deeper understanding of the molecular regulatory mechanisms
of heart disease caused by myocardial infarction (7,36). The
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Figure 5. Co-expression network genes were analyzed in whole blood collected from patients with AMI and controls with a normal echocardiogram via
ELISA. Protein levels of three upregulated genes, namely (A) AKRIC3, (B) P2RY12 and (C) RPS24, and three downregulated genes, namely (D) ACSLI,
(E) B3GNTS5 and (F) MGAM, were measured by ELISA. "P<0.05, “P<0.01 vs. Ctrl. AMI, acute myocardial infarction; Ctrl, control. AKR1C3, aldo-keto reduc-
tase family 1 member C3; P2RY12, purinergic receptor P2Y12; RPS24, ribosomal protein S24; ACSLI1, acyl-CoA synthetase long chain family member 1;
B3GNTS, UDP-GIcNAc:fGal -1,3-N-acetylglucosaminyltransferase 5; MGAM, maltase-glucoamylase.

present study used GO, pathway enrichment, KEGG Disease
and BioCyc analysis methods to explore the molecular mecha-
nisms of myocardial infarction-induced heart disease.

Gene co-expression network analysis has also been used to
study changes in transcriptome expression patterns in complex
diseases (37,38). Compared with the standardized analysis
of DEGs (the purpose of which is to detect individual genes
associated with disease), co-expression network analysis aims
to identify higher associations between gene products. In addi-
tion, its algorithm may markedly simplify the multiple testing
problems that are unavoidable in the gene-centric standard
microarray expression profiling data analysis method (39).
Therefore, it is a powerful system analysis method, focusing
on the relevant functions of the network module.

Using the above-mentioned bioinformatics methods, GO
analysis, pathway function network and gene module changes
of patients with AMI were analyzed to explore the potential
diagnostic biomarkers and possible regulatory targets of AMI.
Based on the gene expression profile (12), a gene co-expression
network was constructed and co-expression network analysis
was used to detect peripheral blood gene modules when AMI
occurred. In the present study, AKRI1C3, RPS24 and P2RY12
were increased and ACSLI1, B3GNT5 and MGAM were
decreased in patients with AMI, which was also confirmed
by RT-qPCR and ELISA, highlighting their potential role
as biomarkers of cardiac illness. It was observed that the
upregulated genes AKR1C3, RPS24 and P2RY12 were mainly
involved in cardenolide biosynthesis and cardiovascular

diseases. Accumulating evidence suggests that AKR1C3 has an
important role in hormone-dependent and hormone-indepen-
dent cancers (40). RPS24c facilitates tumor angiogenesis via
the RPS24¢/MVIH/PGKI1 pathway in colorectal cancer (41).
P2RY12 is a gene encoding P2Y12 receptor present on
platelets, which has an essential role in potentiating platelet
responses initiated by other activators such as thromboxane
and thrombin (42). Mutations in the P2RY12 gene have been
demonstrated to be associated with bleeding disorders (43). To
date, research has focused on the effects of P2RY12 variants in
response to clopidogrel and thrombotic diseases.

In addition, the three genes whose expression was down-
regulated, ACSL1, B3GNT5 and MGAM, were associated
with glycogenolysis, glycosphingolipids biosynthesis and fatty
acid activation. ACSLI1 exists in cells of the liver, heart and
fat, as is considered to affect activation fatty acid synthesis
of triglycerides through the peroxisome proliferator-activated
receptor y pathway (44). B3AGNTS has been suggested as the
key glycosyltransferase in the biosynthesis of the (neo-)lacto
series of glycosphingolipid in regulating malignancy of glio-
blastoma multiforme (45). This result implies that the etiology
of AMI is associated with genes related to intravascular
disease, immune response and brain-derived factor regulation
system, suggesting that ACSL1, B3AGNT5 and MGAM may
be also used as biomarkers for gene expression in early AMI.
Previous studies have researched DEGs in AMI; however,
differential expression may not mean that any of these genes
are suitable biomarkers.



Although the present analysis is powerful, the present
study has certain limitations. First, the analytic data origi-
nate from a microarray chip and not from RNA sequencing.
Of note, microarray chips are not able to discover new genes.
Furthermore, the sample size of the dataset was relatively
small. Thus, certain potential targets of AMI may have been
missed in the present analysis. In addition, although hub
genes were identified and a co-expression network analysis
was performed, the hierarchical processes between them
have remained to be fully elucidated. A potent biomarker of
AMI should have high sensitivity and specificity to reduce
false positives or false negatives. However, the present study
did not evaluate the sensitivity and specificity of these genes.
In order to identify potential biomarkers of AMI, further
studies with larger sample sizes are still warranted.

In conclusion, the present findings provide important infor-
mation for the prediction of molecular events related to AMI,
as well as potential biomarkers for detection and prevention.
The hub genes AKRI1C3, RPS24, P2RY12, ACSL1, B3GNTS5
and MGAM may be considered biomarkers to assess the
severity of heart disease and may be promising therapeutic
targets to develop novel treatments.
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