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Background: The reason of high mortality of acute myocardial infarction (AMI) was the 
lack of exploring the cellular and molecular mechanism of AMI. Therefore, we explored the 
crosstalk among cells, as well as its potential molecular mechanism of mediating AMI.
Methods: The gene expression profile of peripheral blood, endothelial, platelets and mono-
nuclear cells were applied to differentially expressed genes (DEGs) analysis. ClusterProfiler 
and the package of gene set enrichment analysis (GSEA) were applied to explore the 
potential functional pathways of DEGs in 3 types of intravascular cells (endothelial, platelets 
and mononuclear cells) and peripheral blood. Subsequently, we extracted the surface recep-
tors, secreted proteins and extracellular matrix from the up-regulated DEGs to explore their 
potential interactions mechanism of AMI by crosstalk and pivot analysis.
Findings: A total 11 common regulated DEGs (CDEGs) were identified, which might be 
potential biomarkers for AMI diagnosis. The abnormal pathways involved in DEGs of 3 
types of intravascular cells and peripheral blood were shown, which also verified by GSEA. 
Afterwards, it was found that there was crosstalk in 3 types of intravascular cells and 
peripheral blood. Furthermore, we constructed a cell–cell interaction map among cells in 
AMI regulated by exosome lncRNA, which was involved in the development of AMI. 
Finally, we identified 8 hub genes, which might be potential biomarkers of AMI.
Interpretation: The result of this study can not only be used as a reference for subsequent 
experiments and further exploration, but also contribute to the development of novel cell and 
molecular therapies.
Keywords: AMI, CDEGs, crosstalk, intercellular interaction, platelets

Introduction
Acute myocardial infarction (AMI) is the main cause of death worldwide,1 caused 
by risk factors including age, smoking, drinking and coronary artery calcification,2 

as well as the rupture of a plaque with a platelet thrombus. In clinic, percutaneous 
coronary intervention (PCI) is often used for treatment of AMI patients by opening 
the coronary artery, which were narrowed or blocked by the formation of athero-
sclerotic plaque. Therefore, it can be used to reduce the symptoms of coronary heart 
disease and the heart damage during or after the heart attack.3 PCI can enlarge the 
narrow artery physically, but is helpless to AMI pathology. So even under the best 
PCI treatment, AMI patients who with large myocardial infarction area cannot be 
cured, progressing to heart failure eventually.4 Therefore, the mortality of AMI is 
still very high,5 it is an urgent need for new treatment with an effect on pathology. 
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Studies have pointed out that targeted inflammation can be 
used as a treatment strategy to limit the size of MI and 
prevent heart failure.6,7 As is known to all, therapy of 
molecular and cellular can help to inhibit the progress of 
disease pathologically.8,9 Therefore, we need to explore 
the potential mechanism of AMI at the molecular and 
cellular level, while to design an effective therapy.

In the current research progress, at the molecular 
level after AMI, MAPK pathway and apoptosis-related 
protein can be regulated to reduce apoptosis in AMI.10 

JAK2-STAT 3 and PI3K-Akt-mTOR signaling pathway 
can be activated to play the role of cardiac protection.11 

AdipoR 1 and p38MAPK/NF - κ B signaling pathway 
can be regulated to prevent myocardial I/R injury after 
AMI.12 It is confirmed that abnormal activation or inhi-
bition of signal pathways will affect the progression of 
AMI. While at the cellular level after AMI, the initial 
thrombus is mainly composed of activated platelets,13 so 
antiplatelet is the key to AMI.14 Endothelial mesenchy-
mal transition (ENDMT) plays an important role in the 
occurrence and development of interstitial/perivascular 
fibrosis after AMI.15 When endothelial dysfunction 
occurs, patients with AMI are more likely to have cyto-
megalovirus infection.16 Moreover, the number of mono-
nuclear cells was positively correlated with the degree of 
myocardial injury.17 When leukocytes clear the infarct in 
dead cells, the anti-inflammatory mononuclear subsets 
were dominant after the mediators were released. 
Mononuclear cells might play the main role in infarct 
inflammation and repair.18 After AMI, the number of 
dead cardiomyocytes also increased. Exosomes have 
been shown to play important roles in many aspects of 
human health and disease, including development, immu-
nity, tissue homeostasis, cancer, and neurodegenerative 
diseases. In regard to exosomes’ properties, exosomes 
are being developed as therapeutic targets in multiple 
disease models.19 The regulatory role of exosome long 
noncoding RNAs (lncRNAs) in AMI remains unclear, 
however, exosome lncRNA was found to be positively 
correlated with a risk of heart failure in AMI patients, 
which could be used as a potential biomarker in predict-
ing the prognosis of AMI patients.20 However, few stu-
dies exist that discuss the interaction between cells and 
changes in the intracellular mechanism mediated by it. 
Consequently, it is necessary to explore the potential 
mechanism of exosome lncRNA involved in the intercel-
lular interaction to promote AMI at the molecular and 
cellular levels.

In the present study, up-regulated expression of surface 
receptors, extracellular matrix and secretory proteins were 
extracted from 3 types of intravascular cells (platelets, 
endothelial cells, mononuclear cells) and peripheral 
blood, whose crosstalk was predicted. Subsequently, we 
explored the way of miRNA from platelets acts on the 
pivot of mononuclear cells and endothelial, respectively. 
Finally, we identified the intercellular crosstalk between 
miRNA and intracellular potential mechanism, to con-
struct the integrated regulatory landscape of intercellular 
interaction in AMI.

Materials and Methods
Patients
A total of 12 AMI patients were recruited from the First 
People’s Hospital of Yulin, Guangxi, and exosomes of 
cardiomyocytes were extracted from AMI patients. The 
study was approved by the Ethics Committee of the First 
People’s Hospital of Yulin, Guangxi, China. Informed 
consent was obtained from patients for this study.

Cell Culture and Reagents
The cardiomyocytes of AMI patients were cultured in 
Dulbecco’s Modified Eagle Medium (DMEM; Invitrogen, 
Carlsbad, CA, USA), supplemented with 10% fetal bovine 
serum (FBS, Invitrogen) at 37 °C and humidified atmo-
sphere with 5% carbon dioxide.

Uptake of Exosomes
According to the supplier’s instructions, the exosomes of 
cardiomyocytes were labeled with PKH26, suspended in 
low serum medium (5 μ g/mL) and incubated with cardio-
myocytes at 4 ° or 37 ° C for 1, 3 and 6 hours. The protein 
content of exosomes was determined by Bradford method 
(Pierce, Rockford, IL, USA). Next, the exosomes were 
examined by scanning electron microscopy. They were 
fixed with 2% glutaraldehyde in PBS for 10 minutes, 
attached to the column, coated with gold in a sputter coater 
(Sputter Coater 150A, Edwards, UK), and observed with 
a field emission scanning electron microscope (FEG-ESEM 
QUANTA 200 FEI, USA) at an operating voltage of 30KV.

Research in Context
We downloaded several datasets in Gene expression omni-
bus (GEO, https://www.ncbi.nlm.nih.gov/).21 The two per-
ipheral blood mononuclear cells gene expression profiles 
gene expression profiles, based on GPL6244 platforms. 
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GSE59867 includes 393 AMI samples and 43 controls,22 

while GSE62646 includes 84 AMI samples and 14 
controls.23 ComBat function of sva was applied to remove 
batch effect after combining two data sets in R language.24 

There are 34 AMI samples and 4 controls in gene expres-
sion profiles of the platelets, which data ID is GSE24591 
with GPL2895 platforms. In addition, there are 49 AMI 
samples and 50 controls in gene expression profiles of the 
endothelial, which data ID is GSE66360 with GPL570 
platforms.25 Finally, there are 26 AMI samples and 21 
controls in peripheral blood mononuclear cells gene 
expression profiles with data ID of GSE48060 based on 
GPL570.26 Subsequently, the controlize Between Arrays 
function in limma package was used to normalize the gene 
expression expression profiles.27 If a gene corresponds to 
multiple probes, the average expression value of these 
probes would become the expression value of the gene.

As described by Conigliaro et al,28 exosomes were 
extracted from cardiomyocyte. The exosomes were then 
sent for sequencing.

The workflow of this study was shown in Figure 1.
In this study, we further analyzed their data combined 

with our own exosome sequencing data, explored the 
intercellular communication, and constructed the potential 
mechanism of exosome regulation pathway to further par-
ticipate in AMI. The result of this study can not only be 
used as a reference for subsequent experiments and further 
exploration, but also contribute to the development of 
novel cell and molecular therapies.

RNA Extraction, Library Construction 
and Construction of Gene Expression 
Profiles
Total RNA was extracted from AMI patient plasma sam-
ples for each sample according to the instructions of 
TRlzol reagent (Life Technologies, California, USA). 
Agilent 2100 Bioanalyzer (Agilent Technologies, lnc., 
Santa Clara, CA, USA) to check the integrity and concen-
tration of RNA. Construct cDNA libraries according to the 
manufacturer’s instructions for the Nugen Ovation® Solo 

Figure 1 Workflow chart of this study.
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RNA kit library building kit. First-strand cDNA 
and second-strand cDNA were then synthesized separately. 
Double-strand cDNA was end-repaired with dA-tail, fol-
lowed by T-A ligation and dA-tail ligation to the aptamer. 
An AxyPrep Mag PCR Clean-up was used to select the 
size of the adaptor-ligated DNA, and a fragment of 
approximately 360 bp was recovered (inserts of approxi-
mately 300 bp) and enriched by PCR amplification. 
Finally, the cDNA library was sequenced on a flow cell 
using the Illumina HiSeq™ sequencing platform.

After obtaining the raw sequence data, the sequencing 
results were identified based on the raw image data, and 
the results were stored in a fast Q file format. In addition, 
linkers and low-quality sequences were removed from the 
raw data, and the data were filtered for subsequent analy-
sis. After sequence alignment, the expression profile of 
exosomal lncRNAs is obtained by feature counting.

Principal Component Analysis (PCA) and 
Differentially Expressed Gene (DEG) 
Analysis
PCA is a linear transformation, which can extract impor-
tant elements of data center.29 The ggbiplot package in 
R was applied to visualize.30 Compared with control sam-
ples, DEGs were screened from 3 types intravascular cells 
and peripheral blood respectively by limma package in 
R. Differences associated with P < 0.01 was consider 
significant, while we did not set the logFC value to get 
more DEGs. DEGs often play their pathogenic role by 
mediating functions and pathways.31 Common differen-
tially expressed genes (CDEGs) were screened from 
DEGs of 3 types intravascular cells and peripheral blood. 
We explored the contribution of these CDEGs made to 3 
types of intravascular cells and peripheral blood. In order 
to explore the diagnostic value of these CDEGs to AMI, 
pROC package was applied to receiver operating charac-
teristic (ROC) curve analysis.32 We observed the expres-
sion of CDEGs in 3 types intravascular cells and 
peripheral blood.

Functional Enrichment Analysis
To explore the biological functions of DEGs, the 
clusterProfiler in R was applied to perform Gene ontology 
(GO) and Kyoto encyclopedia of genes and genomes 
(KEGG) enrichment analysis.33 P < 0.05 was considered 
significant. Gene set enrichment analysis (GSEA) was 
performed in the normalized gene expression profile to 

explore KEGG pathways,34 associated with 3 types intra-
vascular cells and peripheral blood in the microenviron-
ment of AMI. GSEA was carried out with the use of JAVA 
software, which could be downloaded in the official web-
site (http://software.broadinstitute.org/gsea/index.jsp). 
P value < 0.05 was considered as statistically significant. 
The ggplot2 package in R was performed to visualize the 
results of GSEA.35

Interaction Between AMI Circulating 
Microenvironment and Vascular 
Endothelial Cells
Based on NCBI database (https://www.ncbi.nlm.nih. 
gov/),36 the up-regulated DEGs of the surface receptors, 
secreted proteins and extracellular matrix in 3 types intra-
vascular cells and peripheral blood were extracted to 
observe the expression of them. The chordDiagram func-
tion of circlize package was used to visualize the results.37 

Subsequently, we explored the interaction among the 
genes of crosstalk, which were participated in the KEGG 
pathway of 3 types intravascular cells and peripheral 
blood.

Moreover, pivot analysis was applied to explore the 
regulation of miRNA in platelets among surface receptors, 
extracellular matrix and secretory protein of endothelial 
and mononuclear cells, as the key pathways mediated by 
them in AMI.

Prediction of Crosstalk Between Cells in 
Microenvironment of AMI
The relationship between the genes of crosstalk and the 
genes in the pathway were explored. Based on the cross-
talk, a network map was then constructed. The surface 
receptors, secreted proteins and extracellular matrix in 
the 3 types of intravascular cells and peripheral blood 
may serve as target mediator genes in AMI. In order to 
ascertain whether target mediator genes can regulate the 
pathways in the 3 types of intravascular cells and periph-
eral blood, crosstalk between them was predicted with P < 
0.01. Hex v 8.0.0 was applied to forecast the docking 
potential of genes, after which the role of exosome 
lncRNA in the crosstalk of the 3 types of intravascular 
cells and peripheral blood was explored.

Molecular Docking
We downloaded the PDB file of key genes of receptor and 
ligand from the Protein Database (PDB, Https://www.rcsb. 
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org/pages/contactus),38 Molecular docking was performed 
using Hex8.0.0.0 software and the results were visualized 
with Pymol software.39,40 If the corresponding pdb file 
cannot be found in the PDB, the corresponding protein 
sequence can be obtained from the uniport (https://www. 
uniprot.org/) and the PDB format model can be con-
structed in SWISS-MODEL (https://swissmodel.expasy. 
org). The larger the Seq Identity, the better.

Identification of Hub Genes
According to the semantic similarities of gene ontology 
(GO) terms used for gene annotation, we rank the gene 
inside the interaction by the average functional similarities 
between the gene and its interaction partners. Genes with 
a high average functional similarity are considered as the 
hub genes.41

We explore the relationship between genes of crosstalk 
and genes in pathway. Subsequently, we explored the 
expression of the key hub genes in AMI samples and 
control samples.

Statistical Analyses
All statistical analyses were performed using R (https:// 
www.r-project.org/). Differences associated with a two- 
tailed P < 0.05 were considered statistically significant.

Results
Atlas of Molecular Expression Disorders 
in Patients with Myocardial Infarction
Compared to control samples, total 1738 DEGs in plate-
lets, total 2601 DEGs in endothelial cell, total 10,678 
DEGs in peripheral blood mononuclear cells, total 743 
DEGs in peripheral blood (Figure 2A, Table 1). 
Moreover, we identified 11 CDEGs from DEGs of 3 
types intravascular cells and peripheral blood, including 
C15orf39, HSPA6, DGAT2, LMAN2, PPP1R3B, SFN, 
GPALPP1, GLCCI1, TP53INP1, HIBADH and ZNF302 
(Figure 2B). Subsequently, the up_down DEGs’ expres-
sions were explored in each dataset (Figure 2C). 
Contribution of 11 CDEGs in 3 types of intravascular 
cells to peripheral blood are different in up-regulation 
and down-regulation (Figure 2D). According to the results 
of Figure 2D, PPP1R3B only contributed to the up- 
regulated expression of endothelial, platelets, mononuclear 
cells and peripheral blood, but did not participate in their 
down-regulated expression. The DEGs of peripheral blood 
are mainly contributed by platelets. (Figure 2E). The ROC 

analysis of 11 CDEGs in 3 types of intravascular cells and 
peripheral blood showed, AUC of 11 CDEGs in platelets 
was highest, which verified that the mainly contribution of 
CDEGs was come from platelets (Figure S1A). Specially, 
compared with control, PPP1R3B in 3 types of intravas-
cular cells and peripheral blood of AMI was over 
expressed (Figure 2F), which may be potential biomarkers 
for AMI diagnosis (Figure S1B).

Dysfunction of Function and Pathway 
Mediated by DEGs
Functional enrichment analysis was used to explored how 
the DEGs of 3 types of intravascular cells and peripheral 
blood affect the reaction of AMI. It suggested that “phos-
phatidylinositol dephosphorylation”, “positive regulation 
of myotube differentiation” “glucose metabolic proces-
s”and “chronic inflammatory response” were significantly 
enriched in AMI samples (Figure 3A). These findings 
were supported by evidence from GSEA (Figure 3B).

The DEGs of platelets were significantly enriched in 
the KEGG pathways involved PI3K-Akt signaling path-
way and insulin signaling pathway. Chemokine signaling 
pathway, apoptosis was significantly enriched in endothe-
lial. Insulin signaling pathway and insulin resistance were 
significantly enriched in mononuclear cells. These path-
ways were also reflected in peripheral blood (Figure 3C). 
Among them, chemokine signaling pathway in endothelial 
was verified by GSEA (Figure 3D).

Interaction Between Circulatory 
Microenvironment and Vascular 
Endothelial Cells in Myocardial Infarction
We extracted the surface receptor, extracellular matrix and 
secretory protein from differentially expressed up regu-
lated genes (Figure 4A). There was significant crosstalk 
among the 3 kinds of intravascular cells and the peripheral 
blood through the interaction between these proteins, in 
which the interactions of surface receptor between the 
mononuclear cells and the endothelial cell are the strongest 
(Figure 4B). Further research shows that crosstalk among 
3 types of intravascular cells and peripheral blood can 
mediate intracellular signal pathway (Figure 4C).

In addition to the crosstalk among extracellular pro-
teins, we found that the miRNA of platelets can release 
and act on other cells in the process of adhesion after 
exfoliation. Especially, has-miR-342-3p act on mononuc-
lear cells and endothelial, mediating the KEGG pathway 
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Figure 2 The contribution of CDEGs to 3 types of intravascular cells and peripheral blood. (A) A Manhattan plot of associations between AMI and control. The top three 
genes with the highest or lowest significance were highlighted. (B) Venn to identify 11 common differentially expressed genes. (C) The expression of common genes in 
different datasets. (D) The contribution of 11 CDEGs to peripheral blood and 3 types intravascular cells. (E) Contribution weight of 11 CDEGS in 3 types of intravascular 
cells. The coordinates of a point represent its contribution. The closer it is to an angle of a triangle, the more contributions it has made to this type. The size of a point 
represents the contribution of CDEGs to in AMI. (F) Expression of PPP1R3 in 3 types of intravascular cells and peripheral blood. It showed that expression of PPP1R3B is 
increased in AMI samples compared with control samples.
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involved in C-type lectin receptor signaling pathway, insu-
lin signaling pathway and IL-17 signaling pathway 
(Figure 4D).

Integrated Landscape of Mechanisms 
Disorders Mediated by Intercellular 
Interaction
A significant correlation was observed between crosstalk 
genes and the genes in the pathway of cells (Figure 5A). 
The surface receptors, secretory proteins and extracellular 
matrix of the 3 types of intravascular cells and peripheral 
blood may serve as targeted mediators, which may mediate 
the potential mechanism of AMI through a series of inter-
actions. Therefore, a potential mechanism network of AMI 
mediated by targeted mediators was constructed 
(Figure 5B). The docking result of IL-10-TNF, TNF- 
RELA, HCK-RELA, and RELB-RELA demonstrated that 
the energies were all < 0, which revealed that they had the 
potential to dock to each other (Figure 5C). Besides, the 
PDB ID of IL-10, RELA and HCK was 1ILK, 3QXY and 
4LUD, the PDB structures of RELB and TNF was not 
found in PDB, so the PDB format file of them was con-
structed in SWISS-MODEL for further analysis. At the 
same time, according to the interaction between exosome 
lncRNA (c9orf163, LINC00472 and LINC01089) and 
crosstalk genes, a network of potential mechanisms of 
exosome lncRNA involved in AMI was constructed 
(Figure 5D). In order to study the relationship among the 
crosstalk between cells, the potential mechanism of AMI 
was explored (Figure 5E). In this regard, RELA in mono-
nuclear cells and IL10 in peripheral blood were found to 
regulate TNF, promoting the apoptosis of endothelial cells 
in AMI. COL3A1 in mononuclear cells were observed to 
regulate COL9A3/COL4A6 in platelets in order to activate 
the PI3K signaling pathway of platelets, promoting platelet 
activation. Moreover, platelet activation occurred by cross-
talk, suggesting that inhibiting COL3A1 may serve as 
a new method in treating AMI.

The Hub Gene of Dysfunctional 
Integrated Landscape Can Be Used as 
a Biomarker of AMI
Eight mediator genes were screened, including MYD88, 
IL1B, TYK2, RELA, TNF, NFKB2, MAPK11, and IL10 
(Figure 6A). Interestingly, we found that RELA, TNF and 
IL10 are the key genes of crosstalk between 3 types 
intravascular cells and peripheral blood, with the greatest 
potential to become potential markers of AMI. There were 
significant correlation between crosstalk genes and the 
genes in pathway of cells (Figure 6B). Compared with 
the control samples, the expression of RELA, TNF and 
IL10 were higher in mononuclear cells and peripheral 
blood of AMI samples. But the expression of RELA, 
TNF and IL10 in platelets of AMI samples was lower 
than control samples (Figure 6C).

Discussion
In recent years, the effect of peripheral blood circulation 
and 3 types intravascular cells and peripheral blood on 
AMI has become a research hotspot,42–44 while their 
mechanism is still unclear. Therefore, it is particularly 
important to explore the interaction between 3 types of 
intravascular cells and peripheral blood for formulating 
therapeutic strategies.

In this study, 11 CDEGs (C15orf39, HSPA6, DGAT2, 
LMAN2, PPP1R3B, SFN, GPALPP1, GLCCI1, 
TP53INP1, HIBADH and ZNF302) were found in 3 
types of intravascular cells and peripheral blood of AMI 
patients at the same time. Relevant studies have shown 
that HSPA6 can be used as a target gene for AMI, which 
has potential diagnostic value.45 Sulforaphane (SFN) con-
tributes to the attenuation of fibrous processes as well as 
slows the progress of cardiac remodeling after myocardial 
infarction.46 TP53INP1 can protect myocardial cells from 
hypoxia-induced damage.47 In addition, the relationships 
among other CDEGs in AMI are rarely reported. However, 
the results of this study suggested that GLCCI1, ZNF302, 

Table 1 Differentially Expressed Genes of Four Type Intravascular Cells

Platelet Endothelial Cell Mononuclear Cells Peripheral Blood

DEGs 1738 2601 10,678 743

Up Down Up Down Up Down Up Down

691 1047 1397 1204 3756 6922 395 348
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Figure 3 Results of function and pathway enrichment. (A) KEGG pathway of 3 types intravascular cells and peripheral blood. (B) Activated KEGG signaling pathways in 3 
types of intravascular cells and peripheral blood. P < 0.05. (C) Biological process of 3 types intravascular cells and peripheral blood. (D) Activated biological process in 3 
types intravascular cells and peripheral blood. P < 0.05.
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GPALPP1, HIBADH, C15orf39, DGAT2 and PPP1R3B 
may be related to the pathology of AMI.

In AMI patients, there are limited cardiomyocyte 
regeneration, maladjusted immune pathway and strong 
inflammatory response.18 Cardiomyocyte apoptosis was 
observed in some cardiovascular diseases including 
AMI.48 After AMI, the pathway of abnormal expression 
will be further discussed. PI3K Akt signaling pathway, 
apoptosis and platelets activation are enriched in platelets, 
endothelial cells and mononuclear cells respectively. 
Abnormalities of these pathways may be the response of 

the body to AMI, which was reflected in peripheral blood 
too. It can be seen that most cells in the peripheral blood 
micro circulatory system activate their own unique path-
ways in the process of AMI, thus playing a unique role.

Subsequently, we explored the potential mechanism of 
the interaction between AMI cycle microenvironment and 
vascular endothelial cells. It was found that there are pairs of 
interaction between cells, which may play a role in the 
interaction between 3 types of intravascular cells and per-
ipheral blood. First, genes of interaction pair include IL10, 
HCK, JAK3, SOCS3 and TNF. Related researches showed 

Figure 4 Crosstalk among 3 types of intravascular cells and peripheral blood. (A) The expression of proteins. (B) The crosstalk among proteins of 3 types intravascular cells 
and peripheral blood. The crosstalk between mononuclear cells and other blood cells are the most obvious. (C) crosstalk among 3 types of intravascular cells and peripheral 
blood can mediate intracellular signal pathway. The outer ring represents three proteins, while the middle ring represents 3 types intravascular cells and peripheral blood, as 
well as the innermost ring represents different pathways. The connections represented the interaction of proteins of 3 types intravascular cells and peripheral blood in the 
pathway. (D) Regulatory effect of miRNA on mononuclear cells and endothelial. There were correlations among HSA-miR-342-39 in platelets with mononuclear cells and 
endothelial by regulating genes of pathways.
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Figure 5 Potential mechanism of AMI mediated by crosstalk among cells. (A) Genes of crosstalk mediated the dysfunctional pathway in AMI. The shape represents the type 
of protein and KEGG pathway. (B) Genes of crosstalk in the pathways of endothelial cells and mononuclear cells. (C–E) Potential mechanism of AMI. The color of lines 
represent different crosstalk among cells by genes.
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Figure 6 Identification of hub genes can be used as biomarkers of AMI. (A) Eight genes can be used as hub genes. Genes with a higher average functional similarities 
(cutoff > 0.5) are considered as hub genes in AMI. (B) The correlation between crosstalk gene and gene in pathway. The upper gene is the crosstalk gene, while the 
middle gene is the gene in the pathway. (C) The expression of IL10, RELA and TNF. Compared with the control samples, the expression of IL10, RELA and TNF in 
mononuclear cells, peripheral blood was up-regulated in AMI, while IL10, RELA and TNF were down-regulated in platelets of AMI.
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that over expression of IL10 can reduce inflammation, pro-
moting cardiac wound healing.49,50 The interaction between 
HCK and mononuclear cells would result in platelets spread-
ing. Histamine protects myocardial cells after AMI through 
JAK3.51 It can protect the heart by inhibiting SOCS3,52 

whose deletion enhanced multiple cardioprotective signaling 
pathways, while inhibiting myocardial apoptosis and 
fibrosis.53 TNF may play an important role in the diagnosis 
of AMI.54 These genes that interact in AMI microenviron-
ment can be used as targets for AMI therapy. This potential 
mechanism provides us with the following ideas: enhancing 
the expression of IL10, inhibiting the expression of TNF can 
further reduce inflammation, promote the healing of cardiac 
trauma, activating JAK3 can protect cardiomyocytes, inhi-
biting SOCS3 can inhibit cardiomyocyte apoptosis and 
fibrosis, block the interaction between HCK and mononuc-
lear cells, and then prevent the proliferation of platelets.

Then we found out that the exosomes lncRNA 
c9orf163, LINC00472 and LINC01089 could regulate 
these interacting genes and participate in the develop-
ment of AMI, though few studies exist pertaining to 
c9orf163. The upregulated LINC00472 is often found in 
inhibiting cancer.55 Moreover, various studies have 
shown that the low expression of LINC00472 is involved 
in the pathogenesis of atrial fibrillation.56 However, in 
this study, the high expression of LINC00472 is involved 
in the cell–cell interaction of patients with AMI, though 
the specific mechanism of LINC00472 involved in AMI 
is not clear, thus requiring further analysis. LINC01089 
was also confirmed to be involved in tumor 
suppression,57 however, few studies have discussed the 
mechanism of LINC01089 in the pathogenesis of AMI. 
Therefore, it is worth noting that exosome LINC01089 
participates in the crosstalk of the 3 types of intravascular 
cells and peripheral blood of AMI. Finally, we con-
structed the cell–cell interaction map between AMI 
endothelial cells, platelets, monocytes and peripheral 
blood regulated by exosome lncRNA, which may regu-
late the potential intracellular molecular mechanism and 
participate in the development of AMI.

According to Figure 6C, RELA, TNF and IL10 were 
suspected to regulate AMI in mononuclear cells and per-
ipheral blood. However, the effect of RELA, TNF and 
IL10 in platelets will be explored in a further study.

Three key surface receptors, secretory proteins and 
cytoplasmic matrix that interact between intravascular 
cells and peripheral blood have the potential to become 

therapeutic targets for AMI. Further research will provide 
novel ideas for the treatment of AMI.

The surface receptor, secretory protein and cytoplasmic 
matrix are the key to exploring the interaction among 3 
types of intravascular cells and peripheral blood at the 
cellular level. At the molecular level, we explored the 
pathways of intercellular interaction, and further under-
stood the potential mechanism of the abnormal effects of 
these pathways on AMI.

Our research is based on the bioinformatics method 
to explore the potential mechanism of AMI, without 
molecular experiments, but this research will provide 
prospective data for other experimenters. These results 
are from the genetic level and further protein level 
validation experiments will be performed in the subse-
quent program.

Conclusion
Overall, this study predicted and described the circular 
microenvironment of AMI to construct a cell–cell interac-
tion map among endothelial cells, platelets, mononuclear 
cells and peripheral blood in AMI regulated by exosome 
lncRNA, which was found to regulate the potential intra-
cellular molecular mechanism. The corresponding findings 
of this study may be used as a reference for subsequent 
experiments and may contribute to the development of 
novel cell and molecular therapies.
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