JCI |\|/CR Journal of

www.jcimcr.org

OPEN AcCcCEss Clinical Images and Medical Case Reports

Research Article

ISSN 2766-7820

Open Access, Volume 3

Role of global longitude strain related miRNAs as potential
prognostic indicators in myocardial infarction

Xiaozhu Chen'’; Fengrong Huang?; Yunhong Liu’; Shujun Liu*; Gangwen Tan?

1Department of Ultrasound, People’s Hospital of Longhua Shenzhen, Shenzhen 518109, Guangdong, China.

2Department of Cardiology, People’s Hospital of Longhua Shenzhen, Shenzhen 518109, Guangdong, China.

3Clinical Laboratory, People’s Hospital of Longhua Shenzhen, Shenzhen 518109, Guangdong, China.

*Corresponding Author: Xiaozhu Chen, PhD
Professor, Department of Ultrasound, People’s
Hospital of Longhua Shenzhen, Shenzhen 518109,
Guangdong, China.

Email: xzchen66@yeah.net

Received: Dec 22, 2021

Accepted: Jan 17, 2022

Published: Jan 24, 2022

Archived: www.jcimcr.org

Copyright: © Chen X (2022).

DOI: www.doi.org/10.52768/2766-7820/1606

Abstract

Background: Real-time three-dimensional spot tracking
echocardiography (RT3D-STE) can be used to assess the prognosis
of myocardial infarction (Ml). Analyzing the correlation between
miRNAs and RT3D-STE, especially miRNAs and Global Longitude
Strain (GLS) and Global Circumferential Strain (GCS), can provide new
ideas for discovering and evaluating the role of miRNAs in assessing
myocardial function and prognosis of M.

Methods: The present study collected forty-nine (49) plasma
samples (15 normal samples and 34 MI samples; 22 before and
12 after intervention therapy) and employed high-throughput
sequencing technology and real-time quantitative polymerase chain
reaction (QRT—PCR) to identify the differentially expressed miRNAs.
The Pearson correlation coefficient was used to measure the strength
of a linear association between differentially expressed miRNAs and
strain parameters of RT3D-STE.

Results: One hundred forty-one (141) differentially expressed
plasma exosome miRNAs were identified in STEMI compared with
NSTEMI. The target genes of these ten miRNAs were analyzed for
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment, and they were found to be involved
mainly in cellular metabolism processes, HIF-1 signaling pathway, and
the FoxO signaling pathway. Moreover, three of these differentially
expressed miRNAs (hsa-miR-4798-3p, hsa-miR-371a-3p and hsa-miR-
4735-5p) had Pearson correlations greater than 0.5 based on GLS.

Conclusion: Differentially expressed miRNAs obtained before
and after surgical therapy of MI may play important roles in the
occurrence and development of MI. hsa-miR-4798-3p, hsa-miR-
371a-3p, and hsa-miR-4735-5p may be used as potential prognostic
indicators of MI.

Keywords: surgical therapy; myocardial infarction; real-time three-
dimensional spot tracking echocardiography (RT3D-STE); differential
expression microRNAs; exosomes.
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Introduction

Myocardial infarction (MI) is a common cardiovascular
disease that causes irreversible damage to the myocardium
due to hypoxia [23,4,16]. It has been shown that Ml is one of
the most common causes of morbidity and death in the world,
and more than one-third of deaths in developed countries are
caused by MI each year [12,32]. At present, the main clinical
therapy for coronary heart disease is thrombolysis and surgical
therapy [22]. However, due to the complexity of the disease and
the presence of complications, the prognosis of Ml is poor [11].
Therefore, we explored whether there is a specific biomarker
that can help in the diagnosis, treatment and prognosis
prediction of coronary heart disease.

Exosomes are lipid bilayer vesicles with a diameter of 30-
150 nm secreted by cells, containing large number of proteins,
nucleic acids, lipids and other bioactive substances, which are
key components of intercellular communication [7]. Increasing
evidence has indicated that cardiac exosomes affect myocardial
hypertrophy, injury and infarction, ventricular remodeling,
angiogenesis, and atherosclerosis [6]. MicroRNAs (miRNAs) are
single-stranded RNA molecules that measure approximately 21-
23 nucleotides in length that are specifically expressed in many
tissues, including cardiomyocytes, and are closely related to the
occurrence and development of cardiovascular diseases such as
myocardial infarction, heart failure, and arrhythmia [15,19,30].
Guo et al. [5] examined the plasma exosomal miRNA profiles
of 118 subjects and identified 18 specific miRNAs that may act
as potential biomarkers for early Ml detection. A recent meta-
analysis suggested that circulating miR-1, miR-133, miR-208,
and miR-499 showed diagnostic value, while miR-208 showed
prognostic predictive value for Ml [12]. These studies show
that exosomal mRNAs can be used as a potential diagnostic
marker for MI. However, there are still few reports on miRNAs
differential expression before and after surgical therapy of Ml
and their roles in assessing cardiac function and prognosis.

Real-time three-dimensional spot tracking echocardiography
(RT3D-STE) can track myocardial spot movement in three-
dimensional space, and synchronously measure the Global
Longitude Strain (GLS), Global Radial Strain (GRS), Global
Circumferential Strain (GCS) and Global Area Strain (GAS) of
the left ventricle to more sensitively show the strain changes of
the ischaemic myocardium, which can be used to assess subtle
myocardial damage and assess myocardial viability [1,17].
3D-STE can be used to assess left atrium (LA) function, and has
better repeatability and less load dependence than traditional
methods [34]. GLS is now accepted as a marker for subclinical

Figure 1: Characterization of exosomes. (A) Isolated exosomes mi-
crograph of transmission electron microscopy. (B) Concentration
and diameter of isolated exosomes as detected by nanoparticle
tracking analysis (NTA). (C) Exosome protein markers validation by
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LV dysfunction beyond LVEF in various clinical situations [35].
Recent studies have shown that GLS was the strongest predictor
for major adverse cardiac events, and its combination with
3D-GCS could predict them more accurately [9]. Therefore,
analyzing the correlation between miRNA and RT3D-STE,
especially miRNA and GLS, GCS, can provide new insights for
discovering and evaluating the role of miRNA in evaluating the
myocardial function and prognosis of M.

This study is aimed to provide relevant evidence for the
clinical evaluation of prognosis by exploring the differentially
expressed miRNAs before and after intervention therapy for Ml
and their correlation with strain parameters of RT3D-STE.

Materials and methods
Sample collection

The present study was approved by the Research Ethics
Committee of Shenzhen Longhua People’s Hospital (NO.
KY20200801). All ethics procedures conformed with the
principles of the 1964 Declaration of Helsinki and its latest 2008
amendment. The research was conducted with the informed
consent of each participant, and all participants have signed
the informed consent forms. Forty-nine samples (15 normal
samples (NC) and 34 Ml samples, 22 before (M) and 12 after
surgical therapy (MIAO)) were collected from Shenzhen Longhua
People’s Hospital. The surgical therapy is Percutaneous Coronary
Intervention (PCA), including Percutaneous Transluminal
Coronary Angioplasty (PTCA) and Stent implantation.

Exosome isolation and detection

The clinical specimens were thawed on ice. Then, exosomes
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Figure 2: Identification of differentially expressed miRNAs. (A) miR-
NA abundance distribution of exosomes in each sample, calculated
as read per million (RPM). (B) Volcano based on the differential
expression of the altered miRNAs in the patients with preoperative
Ml group and healthy individual group. Columns represent serum
samples, and rows represent miRNAs. Red indicates high expres-
sion, and blue indicates low expression. (C) Volcano based on the
differential expression of the altered miRNAs in patients with Ml

western blotting. ‘ \\7before and after surgery. )
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Figure 3: Chest and abdomen X-ray on the 23th day after operation.
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Statistics of Pathway Enrichment

were isolated from the plasma using exoQuick precipitation
(System Biosciences, USA) according to the manufacturer’s
protocol. The extracted exosomes were identified by
transmission electron microscope, nanoparticle tracking
analysis (NTA, Particle Metrix, Germany) and Western blotting.

RNA isolation

Total RNA, including miRNA, was extracted using RNA
Isolation Reagent (Vazyme, Nanjing, China), according to
the manufacturer’s instructions. Additionally, after isopropyl
alcohol was added, 1 pg of glycogen was added to each sample.
The RNA concentration was measured, and RNA was stored at
-80 °C for later use. The concentration of RNA was quantified on
a NanoDrop 2000 (Thermo, USA) at an absorbance of 260 nm.
RNA integrity was determined by agarose gel electrophoresis
and with a Bioanalyser 2100 (Agilent Technologies, Santa Clara,
CA).

miRNA sequencing and differential expression analysis

The miRNA library was constructed using the QlAseq miRNA
Library Kit (QIAGEN, Germany). The library after quality control
was sequenced on an lIllumina HiSeq 2500 with the SE50
strategy. The transcripts per million reads (TPM) were calculated
to normalize for the RNA depth of sequencing. miRNAs with
read counts greater than or equal to 10 were considered to be
expressed, while read counts of less than 10 were considered
to indicate no expression. miRNAs were defined as differentially
expressed when |logFC| was >1 and the FDR (false discovery
rate) was <0.01. MiRNAs with logFC >1 were considered to be
upregulated, while miRNAs with logFC <-1 were considered to
be downregulated.

Prediction of Gene Ontology (GO) terms and pathways by
miRNA targeted genes

Genes targeted by differentially expressed miRNAs were
predicted with the use of a public miRTarBase database, and
categorized according to their Gene Ontology (GO) terms,
which can provide comprehensive information on gene function
using topGO (version 2.18.0) software with Fisher’s exact test.
Pathway identification was performed with KOBAS 2.0 software
and hypergeometric tests via the Kyoto Encyclopedia of Genes
and Genomes (KEGG) database.

Real-time Quantitative Polymerase Chain Reaction

To verify our results, the screened miRNAs were analysed by
real-time quantitative polymerase chain reaction (QRT—PCR).
Total RNA was extracted by the TRIpure Total RNA Extraction
Reagent method (ELK Biotechnology, China). RNA concentration
and purity were determined by a NanoDrop 2000 (Thermo
Fisher Scientific). Takara 638314 (Takara, Japan) was used to
synthesize cDNAin one step. PCR amplifications were performed
using a StepOnePlus System (Thermo Fisher Scientific). The
internal reference gene is U6. The primer sequences used for
the evaluated genes are listed in Supporting (Table 1).

Statistics

Cycle threshold (Ct) values were processed by LightCycler 480
v1.5.0.39 Software. The expression value of miRNAs relative to
internal controls was calculated using the 22 method. Statistical
analysis was performed with SPSS software. Data were tested for
significance with the nonparametric Mann-Whitney U test. A P
value < 0.05 was considered to be significant. Pearson correlation
analysis was performed by SPSS 22.0.
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Figure 4: (A) Venn diagrams of differential expression miRNAs
strongly correlated with RT3D-STE in preoperative VS healthy sam-
ples and differential expression miRNAs in preoperative VS postop-
erative samples. ROC curves of (B) has-miR-371a-3p, (C) has-miR-
4735-5p, and (D)has-miR-4798-3p. )

Results
Identification of exosomes extracted from plasma

The purification of plasma exosomes was observed by
transmission electron microscopy. The purification products of
exosomes featured a vesicle-like structure, and the expected size
ranged from 50-200 nm, which is consistent with the morphology
and size of exosomes (Figure 1A). Nanoparticle tracking analysis
(NTA) was used to detect the concentration and diameter of
exosomes (Figure 1B). Western blot analysis was performed and
revealed that two commonly used exosomal protein markers,
namely, HSC70 and TSG101, were highly enriched in the isolated
exosomes relative to plasma supernatant (Figure 1C). These
results are consistent with previously reported characteristics
of exosomes, which confirmed that we had successfully purified
exosomes from plasma samples.

Identification of differentially expressed miRNAs

Twenty-two MI, 12 MIAO and 15 NC peripheral blood serum
samples were taken to extract the exosomal miRNA and second-

generation sequencing was performed. The measured miRNA
was quantified with reads per million (RPM). The distribution
of miRNA expression in exosomes varied greatly from person
to person (Figure 2A). After bioinformatic analysis, a total of
1,505 miRNAs were annotated, which were considered to be
known miRNAs. The distinct expression signatures of healthy
individuals and patients with preoperative Ml are visualized in
the volcano plot in Figure 2B, which shows the upregulation
of 514 miRNAs and downregulation of 790 miRNAs. The
distinct expression signatures of MI patients after surgery
and preoperative patients are visualized in the volcano plot
Figure 2C, which shows the upregulation of 47 miRNAs and the
downregulation of 94 miRNAs.

Prediction of target genes of differentially expressed
miRNAs before and after intervention therapy of Ml and
functional enrichment analysis

GO analysis, including biological process (BP), cellular
component (CC) and molecular function (MF) analyses, was
performed to investigate the function and annotation of
the target genes. The 20 terms that were most significantly
enriched in these three domains are presented in Figures 3A-C.
The differentially expressed genes were closely correlated with
the following molecular functions: protein binding, binding,
transcription regulator activity, organic cyclic compound
binding, heterocyclic compound binding, and enzyme binding.
The involved primary biological processes were regulation of
cellular metabolic process, cellular macromolecule metabolic
process, regulation of primary metabolic process, and organic
substance biosynthetic process. The cellular components most
strongly associated with the differentially expressed genes
were intracellular, intracellular part, intracellular organelle,
membrane-bounded organelle, and organelle. Scatter plots
were constructed to intuitively illustrate the Kyoto Encyclopedia
of Genes and Genomes (KNGG) analysis results. The 20 pathways
that exhibited a smaller P value are shown in Figure 3D. The
analysis indicated that the signaling pathways with significant
correlations included FoxO signaling pathway, Hippo signaling
pathway, HIF-1 signaling pathway, Wnt signaling pathway, and
mTOR signaling pathway.

Correlation analysis between strain parameters of RT3D-
STE and miRNAs

The correlation between the differentially expressed
miRNAs before intervention therapy of MI compared with
healthy people and the strain parameters of RT3D-STE were
analyzed. An absolute value of Pearson correlation >0.5 and
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Figure 5: Sequencing results were verified by qRT-PCR. Relative Expression level of (A) hsa-miR-4798-3p, (B) hsa-miR-371a-3p, and (C) hsa-
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a P value<0.5 were considered as strong correlations. Eighty-
one (81) miRNAs had strong correlation with GAS, GLS, GCS
and GRS. Among these miRNAs, 5 miRNAs (hsa-miR-4778-3p,
hsa-miR-4798-3p, hsa-miR-376¢-3p, hsa-miR-371a-3p, and
hsa-miR-4735-5p) were found to be differentially expressed
before and after intervention therapy of Ml (Figure 4A). Three
of these miRNAs (hsa-miR-4798-3p, hsa-miR-371a-3p, and hsa-
miR-4735-5p) were differentially expressed and inconsistently
up- and downregulated between the two groups in Ml patients
compared with normal samples and after surgical therapy
compared with before surgical therapy of Ml (Table 1). hsa-
miR-4798-3p and hsa-miR-371a-3p were downregulated in Ml
patients compared with normal samples and upregulated in
after surgical therapy compared with before surgical therapy of
M. Besides hsa-miR-4735-5p showed the opposite regulation.
These miRNAs were all negatively correlated with GLS.
Furthermore, we plotted ROC curves and calculated the area
under the curve (AUC). The AUC values of hsa-miR-4798-3p,
hsa-miR-371a-3p, and hsa-miR-4735-5p were 0.93, 0.815, and
0.722, respectively (Supplementary Table 2 and Figure 4B-D).

gRT-PCR validation of the differential expression of miRNAs

We employed qRT-PCR to verify the expression levels of hsa-
miR-4798-3p, hsa-miR-371a-3p, and hsa-miR-4735-5p. The qRT-
PCR results exhibited the same trend of expression changes as
the high-throughput sequencing analysis. Specifically, as shown
in Figure 5, the expression levels of hsa-miR-4798-3p and hsa-
miR-371a-3p were increased, and the expression of hsa-miR-
4735-5p was decreased after surgical therapy compared with
before surgical therapy of M.

Discussion

MicroRNAs (miRNAs) are single-stranded RNA molecules
that measure approximately 21-23 nucleotides in length, and
they inhibit protein translation or mRNA degradation by binding
to the 3’UTRs of messenger RNAs (mRNAs) [2,29]. Accumulating
evidence has demonstrated that miRNAs participate in a variety
of biological functions through negative regulatory genes,
including cell proliferation, apoptosis, and inflammation, and
have a strong correlation with disease mechanisms, especially
cardiovascular disease mechanisms. Research shows that
miRNAs play important roles in the pathology of myocardial
apoptosis, fibrosis, and hypertrophy after MI. Moreover, bulk
of of studies have indicated that miRNAs have the potential
to serve as alternative biomarkers for the diagnosis of MI.
For example, some exosomal miRNAs, such as miR-1, miR-
133, miR-208a, and miR-499, are significantly different in Ml
patients compared with the normal group [21]. Therefore,
the identification of miRNAs with different expression levels
before and after Ml intervention is of great significance for the
diagnosis and prognosis of MI.

In this study, we have identified 141 differentially expressed
miRNAs after surgical therapy compared with before surgical
therapy of M, including 94 downregulated and 47 upregulated
miRNAs. Some of these miRNAs have been reported to be
related to MI. Yuan et al. [33] found that miR-144-3p promotes
cell proliferation, migration and collagen production by targeting
PTEN in myocardial fibroblasts. This indicats that miR-144-3p-
mediated PTEN regulation may be a new therapeutic target for
myocardial fibrosis after myocardial infarction. Yan et al.[31]
found that miR-499a-5p was significantly upregulated in Sudden
cardiac death samples compared with control samples, which
may serve as an independent diagnostic biomarker for sudden
cardiac death. A recent systematic review [28] demonstrated
that miR-499a-5p and miR-1-3p are promising Ml biomarkers
because of their satisfactory diagnostic accuracy and short
time window (within 4 hours of symptoms). Velle-Forbord et
al. [27] showed that miR-151a-5p can be used as a predictive
biomarker of MI. Liu et al. [13] found that miR-199a-5p is
upregulated in am ischemia-reperfusion model, and knocking
out miR-199a-5p can prevent ischemia-reperfusion-induced
cardiomyocyte apoptosis by targeting the HIF-1a-GSK3B-mPTP
axis. This indicates that knocking out miR-199a-5p may be a
potential target for the treatment of Ml patients.

Ourresearchshowsthatthetargetgenesofthesedifferentially
expressed miRNAs after surgical therapy compared with before
surgical therapy of Ml are significantly correlated with the FoxO
signaling pathway, Hippo signaling pathway, HIF-1 signaling
pathway, Wnt signaling pathway, and mTOR signaling pathway.
Studies [18,25] have shown that these signaling pathways play
important roles in cardiac development and diseases. The FoxO
fMIly proteins include FoxO1, FoxO3, FoxO4 and Fox06, Zhu et
al. [37] claimed that FoxO4 can promote the early inflammatory
response of myocardial infarction through endothelial
Argl. Tian et al. [26] found that the MST1-Hippo pathway is
activated in Ml and promotes the inflammatory response of
cardiomyocytes by inhibiting the HO-1 signaling pathway. The
HIF-1 signaling pathway is a stress signaling pathway in hypoxia,
that can protect the myocardium by regulating the function
of HIF-1a [10,36]. Wnt signaling pathways are essential in
heart development and active in the post-MI adult heart [20].
Inhibition of the Wnt signaling pathway has been shown to be
beneficial to MI by improving heart remodeling [3]. Studies
have shown that mTORC2 has an important anti-remodeling
effect on Ml [24]. These results suggest that these miRNAs may
play important roles in the occurrence and development of Ml,
and may serve as diagnostic and prognostic markers as well as
potential targets for treatment.

STE may be applied to the evaluation of systolic and
diastolic dysfunction, and its role in predicting left ventricular
remodelling after Ml has been confirmed which represents an
important prognostic datum [14]. hsa-miR-4798-3p, hsa-miR-

/

“ Table 1: Differentially expressed miRNAs between AMI patients compared with normal samples and after AMI \‘

\compared with preoperatively and their correlation with strain parameters of RT3D-STE. Y.
miRNAs MiI-vs-NC MIAO-vs-MI Strain parameters of RT3D-STE pearson p
hsa-miR-4778-3p down down GLS 0.71 0.001
hsa-miR-4798-3p down up GLS -0.55 0.022
hsa-miR-376c-3p down down GCS 0.51 0.037
hsa-miR-371a-3p down up GLS -0.54 0.026
hsa-miR-4735-5p up down GLS -0.59 0.013
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371a-3p, and hsa-miR-4735-5p were differentially expressed
and inconsistently up- and downregulated between the two
groups in AMI patients compared with normal samples and
after surgical therapy compared with before surgical therapy for
AMI. In addition, they are strongly correlated with GLS. GLS and
LVEF are considered to be markers of subclinical LV dysfunction
[35]. With the gradual reduction of myocardial perfusion, the LS
of the myocardium approximately decrease by 50%. Therefore,
it is considered that the reduction in LS may be an important
early-stage index to reflect the reduced systolic function of
the heart [38]. 3D-GLS can predict long-term prognosis after
ST-elevation acute myocardial infarction (STEMI), and the
combination of 3D-GLS and 3D-GCS can improve the accuracy
of these predictions [8]. Keeping in mind the above results and
discussion, we may claim that these three miRNAs may be used
as a prognostic assessment of Ml in future.

Conclusion

We have identified differentially expressed miRNAs before
and after surgical therapy of MI, and their target genes were
found to be related with FoxO signaling pathway, Hippo signaling
pathway, and Wnt signaling pathway. These miRNAs may play
an important role in the occurrence and development of M.
Some of these miRNAs (i.e., hsa-miR-4798-3p, hsa-miR-371a-
3p, and hsa-miR-4735-5p) are strongly correlated with GLS and
may be used as potential prognostic indicators of MI.

Core tip: This study aimed to provide relevant evidence for
the clinical evaluation of prognosis by exploring differentially
expressed miRNAs before and after intervention therapy for
MI and their correlation with the strain parameters of RT3D-
STE. We identified differentially expressed miRNAs before and
after surgical therapy of Ml, and their target genes were related
to the FoxO signaling pathway and Hippo signaling pathway.
These miRNAs may play an important role in the occurrence
and development of MIl. Some of these miRNAs (i.e., hsa-miR-
4798-3p, hsa-miR-371a-3p, and hsa-miR-4735-5p) are strongly
correlated with GLS and may be used as potential prognostic
indicators of M.
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