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Abstract. Myocardial infarction (MI) is one of the leading 
causes of death globally. The aim of the present study was 
to find valuable microRNAs (miRNAs/miRs) and target 
mRNAs in order to contribute to our understanding of the 
pathology of MI. miRNA and mRNA data were downloaded 
for differential expression analysis. Then, a regulatory network 
between miRNAs and mRNAs was established, followed by 
function annotation of target mRNAs. Thirdly, prognosis 
and diagnostic analysis of differentially methylated target 
mRNAs were performed. Finally, an in vitro experiment was 
used to validate the expression of selected miRNAs and target 
mRNAs. A total of 19 differentially expressed miRNAs and 
1,007 differentially expressed mRNAs were identified. Several 
regulatory interaction pairs between miRNA and mRNAs 
were identified, such as hsa‑miR‑142‑2p‑long‑chain‑fatty‑
acid‑CoA ligase 1 (ACSL1), hsa‑miR‑15a‑3p‑nicotinamide 
phosphoribosyltransferase (NAMPT), hsa‑miR‑33b‑5p‑regu-
lator of G‑protein signaling 2 (RGS2), hsa‑miR‑17‑3p‑Jun 
dimerization protein 2 (JDP2), hsa‑miR‑24‑1‑5p‑aquaporin‑9 
(AQP9) and hsa‑miR‑34a‑5p‑STAT1/AKT3. Of note, it was 
demonstrated that ACSL1, NAMPT, RGS2, JDP2, AQP9, 
STAT1 and AKT3 had diagnostic and prognostic values for 
patients with MI. In addition, STAT1 was involved in the 
‘chemokine signaling pathway’ and ‘Jak‑STAT signaling 
pathway’. AKT3 was involved in both the ‘MAPK signaling 
pathway’ and ‘T cell receptor signaling pathway’. Reverse 
transcription‑quantitative PCR validation of hsa‑miR‑142‑3p, 
hsa‑miR‑15a‑3p, hsa‑miR‑33b‑5p, ACSL1, NAMPT, RGS2 
and JDP2 expression was consistent with the bioinformatics 
analysis. In conclusion, the identified miRNAs and mRNAs 
may be involved in the pathology of MI.

Introduction

Myocardial infarction (MI) is the death of cardiomyocytes 
caused by obstruction of one or more arteries supplying the 
heart (1,2). Clinically, patients with MI often show a number of 
different symptoms including pain, fever and increased white 
blood cell count (3). The pivotal pathological characteristic 
after MI is cardiac fibrosis, which leads to cardiac remodeling 
and failure (4,5). In addition, there are various complications of 
MI, such as arrhythmia, pericarditis, heart rupture and papil-
lary muscle rupture (6). MI pathology can also be complicated 
by cardiogenic shock, which can be life threatening (7). The 
recurrence rate of MI is high, and the time of recurrence is 
the highest within two years after remission. Moreover, each 
relapse can aggravate the disease (8).

The pathological mechanism of MI is complex. 
Frangogiannis et al (9) and Nian et al (10) found that MI was 
related to innate immunity programming, which is crucial 
in cardiac remodeling. Angiogenesis is also a key event for 
re‑establishing the blood supply to the surviving myocar-
dium following MI, which contributes to recovery of cardiac 
function (11). In addition, age, sex, smoking status, hyperten-
sion, atherosclerosis, dyslipidemia, diabetes mellitus and 
hypercholesterolemia are reported to be the primary risks of 
MI (12,13).

MicroRNAs (miRNAs/miRs) can negatively regulate 
target mRNA expression. Previous reports demonstrated that 
miRNAs could be crucial regulators in cardiovascular diseases, 
including hypertrophy, heart failure and ischemic cardiomy-
opathy (14‑17). It is worth noting that some miRNAs, such as 
hsa‑miR‑1, hsa‑miR‑21, hsa‑miR‑206 and hsa‑miR‑499‑5p, 
are significantly dysregulated in the hearts of patients with 
acute MI (18‑22). In view of the important roles of miRNAs 
in MI, the aim of the present study was to find potential 
miRNAs and target mRNAs in MI, which may be useful in 
understanding the molecular mechanism of MI pathology. The 
present findings demonstrated that the epigenetic modifica-
tions of hsa‑miR‑142‑2p‑ACSL1, hsa‑miR‑15a‑3p‑NAMPT, 
hsa‑miR‑17‑3p‑JDP2, hsa‑miR‑33‑5p‑RGS2, hsa‑miR‑​
24‑1‑5p‑AQP9 and hsa‑miR‑34a‑5p‑STAT1/AKT3 and 
four signaling pathways (‘chemokine signaling pathway’, 
‘Jak‑STAT signaling pathway’, ‘MAPK signaling pathway’ 
and ‘T cell receptor signaling pathway’) may be associated 
with the development of MI. In addition, ACSL1, NAMPT, 
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RGS2, JDP2, AQP9, STAT1 and AKT3 could help monitor 
the recurrence risk of patients with MI.

Materials and methods

Data retrieval. The miRNA and mRNA expression profiles 
were downloaded from the Gene Expression Omnibus (GEO) 
database (http://www.ncbi.nlm.nih.gov/geo). The key words 
of ‘Myocardial infarction’ and ‘Homo sapiens’ was used to 
search for related datasets. Screening requirements for the 
included datasets were as follows: i) The selected datasets 
must be genome‑wide miRNA/mRNA transcriptome expres-
sion data; and ii) both standardized and original datasets were 
considered in this study. According to the aforementioned 
screening criteria, one miRNA dataset (GSE24548) and four 
mRNA datasets (GSE97320, GSE24519, GSE66360 and 
GSE60993) were selected for integrated analysis, which is 
listed in Table I.

Identification of differentially expressed miRNAs and 
mRNAs. Firstly, scale standardization was performed for 
all datasets. The limma (version 3.36.5) (23) and metaMA 
(version 3.1.2) (24) packages in R were then used to identify 
differentially expressed miRNAs and mRNAs. The inverse 
normal method was used to combine the P‑value in metaMA. 
The false discovery rate (FDR) was performed for multiple 
testing corrections of raw P‑values through the Benjamin 
and Hochberg method  (25,26). The threshold of differen-
tially expressed miRNAs and mRNAs was set as FDR<0.01 
and FDR<0.05, respectively. The pheatmap R package 
(cran.r‑project.org/web/packages/pheatmap/index.html) was 
used for hierarchical clustering analysis of the differentially 
expressed miRNAs and mRNAs (27).

Correlation analysis between differentially expressed 
miRNAs and mRNAs. The miRWalk3.0 (http://mirwalk.umm.
uni‑heidelberg.de/) software was used to predict the differ-
entially expressed target mRNAs of differentially expressed 
miRNAs. The establishment of a miRNA‑mRNA regulatory 
network was visualized using Cytoscape 3.7.1 software (28).

Functional analysis of differentially expressed mRNAs. 
Gene Ontology (GO) (29,30) and the Kyoto Encyclopedia of 
Genes and Genomes (KEGG) (31) pathway enrichment via 
GeneCodis 3 (http://genecodis.cnb.csic.es) software were 
used to analyze the biological functions of the differen-
tially expressed target mRNAs of differentially expressed 
miRNAs. The criterion for selecting significantly enriched 
functional terms of target differentially expressed mRNAs 
was P<0.05.

Screening of differentially expressed target mRNAs associated 
with MI prognosis. In the process of screening for datasets 
that contained miRNA and mRNA expression profiles, the 
GSE59867, GSE97320, GSE24519, GSE66360 and GSE60993 
datasets were initially retrieved. As the GSE59867 dataset 
recorded the mRNA expression profile in the blood of patients at 
admission (111 cases), at discharge (101 cases), one month after 
discharge (95 cases) and six months after discharge (83 cases), 
this dataset was used for screening mRNAs associated with 

prognosis from identified targeted differentially expressed 
mRNAs, with the aim of finding reliable biomarkers to monitor 
the risk of recurrence in patients with MI.

Diagnostic analysis of differentially expressed target mRNAs 
associated with prognosis. In order to study whether identi-
fied differentially expressed target mRNAs associated with 
prognosis have diagnostic value, receiver operating charac-
teristic (ROC) analysis was performed using pROC package 
in R language (32). The area under the curve (AUC) under 
binomial exact confidence interval was calculated and the 
ROC curve was generated.

In vitro validation of key miRNAs and target mRNAs. A total 
of five patients with MI and five normal controls were enrolled 
from October to November 2019 at Jinan Jigang Hospital. The 
inclusion criteria of patients with MI was as follows: i) Time 
of chest pain or distress was >30 min within 24 h, and the 
levels of creatine kinase‑MB and troponin T were higher than 
the normal range; ii) no history of MI; iii) no drug treatment 
or surgical treatment before admission; iv) patients had to 
provide blood samples before hospitalization, at discharge and 
6 months after MI; and v) patients had to provide complete 
clinical data, including sex, age, height and weight. The exclu-
sion criteria was as follows: i) Patients with myocarditis and 
other diseases caused by chest pain or distress; ii) patients had 
a history of renal failure, advanced liver disease, malignant 
tumor and other inflammatory diseases, such as psoriasis and 
rheumatoid arthritis; iii) patients with recurring MI; iv) patients 
with incomplete clinical data; and v) patients who did not 
provide blood samples before hospitalization, at discharge 
and 6 months after MI. Ethical approval was obtained from 
the Ethics Committee of Jinan Jigang Hospital (approval 
no. JG‑001) and informed written consent was obtained from 
all individuals.

Total RNA from the blood samples was extracted using 
the RNAliquid reagent (Tiangen Biotech Co., Ltd.), according 
to the manufacturer's protocols. RNA (1 µg) was applied to 
synthesize cDNA for 3 min at 42˚C, followed by 15 min at 42˚C 
and 3 min at 95˚C using FastQuant RT kit (Tiangen Biotech Co., 
Ltd.). Then, reverse transcription‑quantitative PCR (RT‑qPCR) 
was performed in an ABI 7300 Real‑time PCR system with 
SYBR‑Green PCR Master Mix (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). The thermocycling conditions consisted 
of: i) Initial denaturation of 15 min at 95˚C; iii) 40 cycles of 
10 sec at 95˚C, 30 sec at 55˚C, 32 sec at 72˚C; and iii) 15 sec 
at 95˚C, 60 sec at 60˚C, then 15 sec at 95˚C. All reactions 
were carried out in triplicate β‑actin and GAPDH were used 
as the internal reference genes. Relative gene expression was 
analyzed by the fold‑change method (33).The sequences of 
reverse and forward primers for all of the genes analyzed were 
as follows: i) ACSL1‑forward, 5'‑TGT​GGG​​ACC​GGC​TGA​
TCT​T‑3'; ii) ACSL1‑reverse, 5'‑AGT​GCA​CTC​TGT​CTG​TCC​
GT‑3'; iii) NAMPT‑forward, 5'‑TCT​TCT​GAG​GCA​GCG​GTT​
G‑3'; iv) NAMPT‑reverse, 5'‑GGC​TGG​AGT​AGT​GGG​AAA​
GC‑3'; v) R GS2‑forward, 5'‑AAG​ATT​GGA​AGA​CCC​GTT​
TGA​G‑3'; vi) RGS2‑reverse, 5'‑GCA​AGA​CCA​TAT​TTG​CTG​
GCT‑3'; vii) JDP2‑forward, 5'‑AGA​CCC​AGA​TTG​AGG​AGC​
TG‑3'; JDP2‑reverse, 5'‑AGT​GGG​TTG​CCT​TCT​GAC​CTC‑3'; 
viii) hsa‑miR‑142‑3p‑forward, 5'‑TGT​AGT​GTT​TCC​TAC​TTT​
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ATG​GA‑3; ix) hsa‑miR‑15a‑3p‑forward, 5'‑CAG​GCC​ATA​TTG​
TGC​TGC​CTC​A‑3; x) hsa‑miR‑33b‑3p‑forward, 5'‑GTG​CAT​
TGC​TGT​TGC​ATT​GC‑3; xi) GAPDH‑forward, 5'‑GGA​GCG​
AGA​TCC​CTC​CAA​AAT‑3'; xii) GAPDH‑reverse, 5'‑GGC​TGT​
TGT​CAT​ACT​TCT​CAT​GG‑3'; xiii) ACTB‑forward, 5'‑CAT​
GTA​CGT​TGC​TAT​CCA​GGC‑3'; and vix) AC TB‑reverse, 
5'‑CTC​CTT​AAT​GTC​ACG​CAC​GAT‑3'. The sequences of 
the reverse primers for hsa‑miR‑142‑3p, hsa‑miR‑15a‑3p and 
hsa‑miR‑33b‑3p were not disclosed by the manufacturer.

Statistical analysis. All statistical analyses were performed 
using GraphPad Prism (version 2.0; GraphPad Software, Inc.). 
For the result described in Figs. 7 and 9, one‑way ANOVA, 
followed by Bonferroni correction, were used to assess 
statistical significance among different groups. Results are 

presented as the mean ± SD. All experiments were repeated 
independently at least three times. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Expression pattern of miRNA and mRNA. A total of 19 differ-
entially expressed (one upregulated and 18 downregulated) 
miRNAs and 1,007 differentially expressed (287 upregulated 
and 720 downregulated) mRNAs were identified in MI. All 
differentially expressed miRNAs and the top 20 differentially 
expressed mRNAs are shown in Tables II and III, respectively. 
The heat map of all differentially expressed miRNAs and 
the top 100 differentially expressed mRNAs are shown in 
Figs. 1 and 2, respectively.

Table I. One miRNA dataset and four mRNA datasets used for integrated analysis.

First author, year	 GEO ID	 Platform	 Samples	 Type	O mics	 (Refs.)

Bellin et al, 2017	 GSE24548	 GPL 8227	 MI:Control, 4:3	 Blood	 miRNA	U npublished
Fan et al, 2017	 GSE97320	 GPL 570	 MI:Control, 3:3	 Blood	 mRNA	 (84)
Bellin et al, 2017	 GSE24519	 GPL 2895	 MI:Control, 34:4	 Blood	 mRNA	U npublished
Muse et al, 2015	 GSE66360	 GPL 570	 MI:Control, 49:50	 Blood	 mRNA	 (85)
Park et al, 2015	 GSE60993	 GPL6884	 MI:Control, 17:7	 Blood	 mRNA	 (86)

MI, myocardial infarction; GEO, Gene Expression Omnibus; miRNA, microRNA.

Table II. Differentially expressed miRNAs in MI.

Symbol	L ogFC	A verage expression	 P‑value	 FDR

hsa‑miR‑32‑5p	‑ 1.72	 4.66	 3.17x10‑05	 4.93x10‑03

hsa‑miR‑545‑3p	‑ 1.50	 4.37	 3.76x10‑05	 4.93x10‑03

hsa‑miR‑219a‑5p	‑ 1.34	 3.30	 5.23x10‑05	 4.93x10‑03

hsa‑miR‑29b‑3p	‑ 1.46	 7.45	 1.04x10‑04	 6.01x10‑03

hsa‑miR‑548a‑5p	‑ 1.05	 2.59	 1.11x10‑04	 6.04x10‑03

hsa‑miR‑17‑3p	‑ 1.04	 6.45	 2.03x10‑04	 6.04x10‑03

hsa‑miR‑33a‑5p	‑ 1.34	 6.14	 2.05x10‑04	 6.04x10‑03

hsa‑miR‑33b‑5p	‑ 1.17	 2.70	 2.14x10‑04	 6.04x10‑03

hsa‑miR‑186‑3p	‑ 0.90	 2.14	 2.32x10‑04	 6.04x10‑03

hsa‑miR‑101‑3p	‑ 1.19	 7.41	 2.46x10‑04	 6.04x10‑03

hsa‑miR‑142‑3p	‑ 1.08	 1.05	 2.57x10‑04	 6.04x10‑03

hsa‑miR‑598‑3p	‑ 1.14	 4.69	 2.84x10‑04	 6.04x10‑03

hsa‑miR‑362‑3p	‑ 1.51	 3.30	 2.91x10‑04	 6.04x10‑03

hsa‑miR‑590‑5p	‑ 1.20	 7.49	 3.10x10‑04	 6.04x10‑03

hsa‑miR‑24‑1‑5p	‑ 1.07	 5.30	 3.20x10‑04	 6.04x10‑03

hsa‑miR‑34a‑5p	 1.10	 4.99	 5.55x10‑04	 9.75x10‑03

hsa‑miR‑15a‑3p	‑ 0.84	 2.89	 5.86x10‑04	 9.75x10‑03

hsa‑miR‑301a‑3p	‑ 0.91	 7.82	 6.47x10‑04	 9.90x10‑03

hsa‑miR‑19a‑3p	‑ 1.06	 8.77	 6.65x10‑04	 9.90x10‑03

LogFC>1 and LogFC<1 represents upregulation and downregulation, respectively. LogFC, log fold‑change; FDR, false discovery rate; miRNA, 
microRNA; MI, myocardial infarction.

https://www.spandidos-publications.com/10.3892/mmr.2020.11517
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Associations between miRNAs and mRNAs. Depending on 
the target analysis, 2,137 miRNA‑mRNA pairs, including 
19 miRNAs and 481 mRNAs, were identified. The regula-
tory network of miRNA‑mRNA is shown in Fig.  3. In 

addition, the regulatory subnetworks of miRNAs‑mRNAs 
between hsa‑miR‑142‑3p, hsa‑miR‑15a‑3p, hsa‑miR‑17‑3p, 
hsa‑miR‑33b‑5p, hsa‑miR‑24‑1‑5p, hsa‑miR‑34a‑5p and their 
target mRNAs are shown in Fig. 4.

Functional analysis of dif ferentially expressed target 
mRNAs. In order to understand the biological function of 481 
differentially expressed target mRNAs of 19 differentially 
expressed miRNAs, GO and KEGG pathway analysis were 
performed. The top 5 significantly enriched GO terms and 
top 12 KEGG terms are shown in Figs. 5 and 6, respectively. 
The biological process, cell component and molecular 
function ‘regulation of transcription, DNA dependent’, 
‘nucleus’ and protein binding’ were significantly enriched, 
respectively (Fig. 5). For KEGG terms, it was found that 
STAT1 was involved in the ‘chemokine signaling pathway’ 
and ‘Jak‑STAT signaling pathway’. In addition, AKT3 was 
involved in the ‘MAPK signaling pathway’ and ‘T  cell 
receptor signaling pathway’ (Fig. 6).

Identification of differentially expressed target mRNAs 
associated with prognosis. Through comparative analysis 
between mRNAs in the GSE59867 dataset and identified 
481 differentially expressed target mRNAs, it was found 
that 185 differentially expressed target mRNAs, including 
long‑chain‑fatty‑acid‑CoA ligase 1 (ACSL1), nicotinamide 
phosphoribosyltransferase (NAMPT), regulator of G‑protein 
signaling 2 (RGS2), Jun dimerization protein 2 (JDP2), aqua-
porin‑9 (AQP9), STAT1 and AKT3, were associated with 
prognosis. The expression levels of ACSL1, NAMPT, RGS2, 

Figure 1. Heat map of all differentially expressed miRNAs in MI. The 
differentially expressed miRNA clustering tree is shown on the right. Red, 
below the reference channel; green, higher than the reference. miRNA/miR, 
microRNA; MI, myocardial infarction.

Table III. Top 20 differentially expressed mRNAs in MI.

Symbol	C ombined ES	 P‑value	 FDR	U p/down

ACSL1	 1.59	 <4.44x10‑15	 <6.76x10‑12	U p
S100A12	 1.44	 <4.44x10‑15	 <6.76x10‑12	U p
IL1R2	 1.27	 4.44x10‑15	 6.76x10‑12	U p
NAMPT	 1.24	 1.22x10‑14	 1.69x10‑11	U p
RGS2	 1.60	 2.51x10‑14	 3.18x10‑11	U p
AQP9	 1.19	 3.22x10‑14	 3.77x10‑11	U p
JDP2	 1.20	 4.13x10‑14	 4.49x10‑11	U p
DUSP1	 1.24	 2.57x10‑13	 2.17x10‑10	U p
HAL	 1.12	 5.64x10‑13	 4.30x10‑10	U p
S100A8	 1.88	 6.36x10‑13	 4.61x10‑10	U p
PLA2G12A	‑ 1.34	 2.09x10‑13	 1.87x10‑10	D own
GIMAP6	‑ 1.08	 1.55x10‑12	 9.43x10‑10	D own
PAQR8	‑ 1.32	 1.85x10‑12	 1.08x10‑09	D own
CHST12	‑ 1.17	 1.67x10‑11	 7.83x10‑09	D own
GZMA	‑ 1.03	 3.45x10‑11	 1.31x10‑08	D own
RNASEH2B	‑ 1.20	 4.46x10‑11	 1.61x10‑08	D own
DENND2D	‑ 1.03	 4.95x10‑11	 1.71x10‑08	D own
RPAP2	‑ 1.12	 8.16x10‑11	 2.53x10‑08	D own
GIMAP7	‑ 1.00	 1.33x10‑10	 3.76x10‑08	D own
TRIM68	‑ 1.04	 2.13x10‑10	 5.68x10‑08	D own

ES, effect size; FDR, false discovery rate; MI, myocardial infarction.
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Figure 3. Regulatory network of miRNA‑mRNAs between 19 differentially expressed miRNAs and 481 differentially expressed mRNAs in myocardial infarc-
tion. The rhombuses and circles represent the differentially expressed miRNAs and the differentially expressed target mRNAs, respectively. The red and blue 
color represent upregulation and downregulation, respectively. The black borders represent the top 10 up‑ and downregulated mRNAs. miRNA/miR, microRNA.

Figure 2. Heat map of top 100 differentially expressed mRNAs in MI. The differentially expressed mRNA clustering tree is shown on the right. Red, below 
the reference channel; green, higher than the reference. MI, myocardial infarction.

https://www.spandidos-publications.com/10.3892/mmr.2020.11517
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Figure 5. Top 5 significant enrichment GO terms of the differentially expressed target mRNAs in myocardial infarction. The z‑score clustering in the GO terms 
of the differentially expressed target mRNAs is shown at the bottom. The red and blue color represent upregulated and downregulated mRNAs, respectively. 
BP, biological process; CC, cellular component; MF, molecular function; GO, Gene Ontology.

Figure 4. Regulatory subnetworks of miRNAs‑mRNAs between hsa‑miR‑142‑3p, hsa‑miR‑15a‑3p, hsa‑miR‑17‑3p, hsa‑miR‑33b‑5p, hsa‑miR‑24‑1‑5p, 
hsa‑miR‑34a‑5p and their target mRNAs in myocardial infarction. The triangles and circles represent the differentially expressed miRNAs and differentially 
expressed target mRNAs, respectively. The red and green color represent upregulation and downregulation, respectively. The black borders represents the top 
10 up‑ and downregulated mRNAs. miRNA/miR, microRNA.
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AQP9, JDP2, STAT1 and AKT3 were measured in the blood 
of patients with MI at admission, discharge, one month after 
discharge and six months after discharge (Fig. 7). The results 

showed that the expression levels of ACSL1 (P=2.2x10‑11; 
P<2.22x10 ‑16; P<2.22x10 ‑16),  NAMPT (P=1.1x10 ‑ 07; 
P=2.5x10‑10; P=5.6x10‑11), RGS2 (P=3.8x10‑05; P=1.6x10‑07; 

Figure 7. Box plots of ACSL1, NAMPT, RGS2, AQP9, JDP2, STAT1 and AKT3 expression. The expression levels of ACSL1, NAMPT, RGS2, AQP9, JDP2, 
STAT1 and AKT3 were determined in the blood of patients with MI at admission (n=111), at discharge (n=101), 1 month after discharge (n=95) and 6 
months after discharge (n=83). ACSL1, long‑chain‑fatty‑acid‑CoA ligase 1; NAMPT, nicotinamide phosphoribosyltransferase; RGS2, regulator of G‑protein 
signaling 2; JDP2, Jun dimerization protein 2; AQP9, aquaporin‑9; MI, myocardial infarction.

Figure 6. Top 12 Kyoto Encyclopedia of Genes and Genomes signaling pathways of the differentially expressed target mRNAs in myocardial infarction.

https://www.spandidos-publications.com/10.3892/mmr.2020.11517
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P=1.3x10‑05), AQP9 (P=9x10‑12; P<2.22x10‑16; P<2.22x10‑16) 
and JDP2 (P=0.00031; P=1.3x10‑08; P=1.3x10‑07) in MI were 
significantly downregulated at discharge, one month after 
discharge and six months after discharge compared with that 
at admission. Whereas, it was found that the expression levels 
of STAT1 (P=8.1x10‑11; P=2.1x10‑13; P=7x10‑10) and AKT3 
(P=0.0036; P=5.6x10‑06; P=1x10‑09) in MI were significantly 
upregulated at discharge, one month after discharge and six 
months after discharge compared with that at admission. This 
suggested that ACSL1, NAMPT, RGS2, AQP9, JDP2, STAT1 
and AKT3 expression could be used to monitor the recurrence 
risk of patients with MI.

Diagnosis prediction of differentially expressed target mRNAs 
associated with prognosis. ROC curve analysis was performed 

to assess the diagnostic ability of ACSL1, NAMPT, RGS2, 
AQP9, JDP2, STAT1 and AKT3 (Fig. 8). Of note, AUC values 
of the aforementioned differentially expressed target mRNAs 
were all >0.6, suggesting that they have a potential diagnostic 
value for MI.

RT‑qPCR. A total of five patients with MI and five normal 
controls were included in the present study. Clinical informa-
tion of these individuals is presented in Table IV. In addition, 
three differentially expressed miRNAs (hsa‑miR‑142‑3p, 
hsa‑miR‑15a‑3p and hsa‑miR‑33b‑5p) and their target mRNAs 
(ACSL1, NAMPT, RGS2 and JDP2) were randomly selected 
for validation via RT‑qPCR (Fig. 9). The relative expression 
levels of hsa‑miR‑142‑3p, hsa‑miR‑15a‑3p and hsa‑miR‑33b‑5p 
were downregulated in the blood of patients with MI. The 

Figure 9. In vitro reverse transcription‑quantitative PCR validation of differentially expressed miRNAs and their target mRNAs. One‑way ANOVA, followed 
by Bonferroni correction, were used to assess statistical significance among different groups. Data are presented as the mean ± SD of the fold‑change with 
respect to the control. Fold‑change >1 and fold‑change <1 represent upregulation and downregulation, respectively. n=5. miRNA/miR, microRNA; ACSL1, 
long‑chain‑fatty‑acid‑CoA ligase 1; NAMPT, nicotinamide phosphoribosyltransferase; RGS2, regulator of G‑protein signaling 2; JDP2, Jun dimerization 
protein 2.

Figure 8. ROC curves of ACSL1, NAMPT, RGS2, AQP9, JDP2, STAT1 and AKT3 expression in myocardial infarction. The ROC curves were used to show 
the diagnostic value of these genes with 1‑specificity and sensitivity. ACSL1, long‑chain‑fatty‑acid‑CoA ligase 1; NAMPT, nicotinamide phosphoribosyltrans-
ferase; RGS2, regulator of G‑protein signaling 2; JDP2, Jun dimerization protein 2; AQP9, aquaporin‑9; ROC, receiver operating characteristic; AUC, area 
under curve.
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relative expression levels of ACSL1, NAMPT, RGS2 and 
JDP2 were upregulated in the blood of patients with MI. These 
results were consistent with the bioinformatics analysis.

Discussion

Decreased expression of hsa‑miR‑142‑3p was found in 
patients with heart failure (34). Su et al (35) demonstrated that 
upregulating hsa‑miR‑142‑3p could ameliorate myocardial 
ischemic injury. Of note, hsa‑miR‑142‑3p is considered to 
be a biomarker for acute MI (36). In the present study, it was 
found that hsa‑miR‑142‑3p was downregulated in the blood of 
patients with MI. Additionally, ACSL1 was found to be one of 
the target mRNAs of hsa‑miR‑142‑3p and the most upregu-
lated gene. Moreover, ACSL1 was shown to have a diagnostic 
and prognostic value for patients with MI. ACSL1 catalyzes 
the synthesis of acyl‑CoA from fatty acid synthase  (37). 
Overexpression of ACSL1 can lead to severe cardiomyop-
athy (38). The expression of ACSL1 is significantly related to 
the degree of atherosclerosis in the coronary artery (39). It has 
been observed that ACSL1 is upregulated in peripheral blood 
leukocytes of patients with acute MI (39). The present study 
further demonstrated the important roles of hsa‑miR‑142‑3p 
and ACSL1 in MI.

Mature hsa‑miR‑15a‑3p influences vascular function, 
including the expression of vascular endothelial growth factor 
receptor 2 (40‑43). hsa‑miR‑15a‑3p is notably downregulated 
in the atrial myocardial tissue of patients with congenital heart 
defect (44). The present study found decreased expression of 
hsa‑miR‑15a‑3p in the blood of patients with MI; NAMPT 
was shown to be regulated by hsa‑miR‑15a‑3p. Furthermore, 
NAMPT could be regarded as a diagnostic and prognostic 
biomarker for patients with MI. NAMPT is involved in athero-
sclerosis and myocardial failure (45). Increased expression 
of NAMPT has been found in MI (46). In addition, FK866 
(a specific inhibitor of NAMPT) reduced infarct size following 
MI (47). The present results suggested that hsa‑miR‑15a‑3p 
may play a critical role in the process of MI by targeting 
NAMPT.

Upregulation of hsa‑miR‑17‑3p was demonstrated to 
promote the viability of cardiomyocytes (48). Overexpression 
of hsa‑miR‑17‑3p can inhibit fibrosis of cardiac fibroblasts (49). 
In addition, hsa‑miR‑17‑3p is related to atherosclerosis and 
angiogenesis (50‑52). In the present study, it was found that 
hsa‑miR‑17‑3p was downregulated in the blood of patients 
with MI. In addition, JDP2 was shown to be the target of 
hsa‑miR‑17‑3p. It is worth mentioning that JDP2 was associ-
ated with diagnosis and prognosis. The expression of JDP2 
was revealed to be increased in patients with heart failure 
and MI (46,53). Of note, JDP2 is considered to be a candidate 
marker for the risk stratification of patients who may develop 
heart failure following MI (54). The present results indicated 
that JDP2 may be involved in the development of MI under the 
regulation of hsa‑miR‑17‑3p.

hsa‑miR‑33b‑5p is a hypoxia‑regulated miRNA. The 
methylation level of the encoding region of hsa‑miR‑33b‑5p 
is related to lipid levels (55). The present study found that 
hsa‑miR‑33b‑5p was downregulated in the blood of patients 
with MI. Moreover, upregulated RGS2 with diagnostic and 
prognostic value was shown to be regulated by hsa‑miR‑33b‑5p. 

RGS2 is involved in regulating vascular smooth muscle cell 
contraction and blood pressure (56,57). Dysfunction of RGS2 
is associated with cardiac hypertrophy (58). The present results 
suggested that hsa‑miR‑33b‑5p could be associated with MI 
pathology by targeting RGS2.

A previous report found that hsa‑miR‑24‑1‑5p reduced 
cardiac fibrosis following MI  (59). In the current study, 
decreased expression of hsa‑miR‑24‑1‑5p was found in the 
blood of patients with MI. In addition, upregulated AQP9 
was one of the targets of hsa‑miR‑24‑1‑5p. Moreover, AQP9 
had a diagnostic and prognostic value for patients with MI. 
It has been reported that increased AQP9 is associated with 
the development of atherosclerotic lesions (60). It has been 
demonstrated that AQP9 is notably upregulated in patients 
with heart failure and MI (46,61). In addition, silencing of the 
AQP9 gene was revealed to inhibit apoptosis of myocardial 
cells and improve cardiac function following MI (62). Thus, it 
has been demonstrated that hsa‑miR‑24‑1‑5p and AQP9 may 
play a significant role in cardiac function following MI.

has‑miR‑34a‑5p, which is associated with cardiac fibrosis 
and regeneration, is upregulated during atherosclerosis 
progression (63,64). Increased expression of hsa‑miR‑34a‑5p 
in circulation is related to cardiac remodeling and heart 
failure following MI (65‑67). In the present study, it was 
found that hsa‑miR‑34a‑5p was upregulated in the blood 
of patients with MI. In addition, downregulation of STAT1 
and AKT3 was shown to be regulated by hsa‑miR‑34a‑5p. 
Furthermore, STAT1 and AKT3 were associated with the 
diagnosis and prognosis of patients with MI. Activation 
of STAT1 has been demonstrated to induce cardiomyo-
cyte apoptosis following ischemia/reperfusion injury by 
enhancing the expression of pro‑apoptotic proteins, which 
suggests that STAT1 plays a key role in the pathology of 
MI (68‑70). AKT3 is involved in cardiomyocyte cell death 
(71). In rats, the expression of AKT3 is decreased in the 
spinal cord following myocardial ischemia‑reperfusion 
injury (72). In addition, AKT3 deficiency is related to an 
increase in atherosclerosis (73).

A side from being a target of has‑miR‑34a‑5p, it was also 
found that STAT1 was involved in the ‘chemokine signaling 
pathway’ and ‘Jak‑STAT signaling pathway’ according 
to KEGG. AKT3 was found to be involved in the ‘MAPK 
signaling pathway’ and ‘T cell receptor signaling pathway’ 
according to KEGG. Previous studies revealed that chemo-
kines were expressed in the infarcted myocardium and 
play an important role in myocardial inflammation and 
healing  (74,75). The Jak/STAT signaling pathway plays a 
key role in the modulation of cardioprotection against isch-
emia/reperfusion injury (76,77). Activation of p38 MAPK has 
been observed in cardiac hypertrophy induced by MI, and 
inhibition of the signing pathway protects the heart against 
MI (78). In addition, the p38‑JNK‑MAPK signaling pathway 
is associated with the inflammatory response in MI (79‑81). 
T cells, the main components of cell‑mediated inflamma-
tion, are associated with the development of atherosclerotic 
plaques (82). Notably, Abbate et al (83) detected activated 
T cells in the infarct and remote areas of the heart tissue of 
patients with MI.

In conclusion, the bioinformatics analysis from the GEO 
database led to the finding of several potential differentially 
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expressed miRNAs and mRNAs. The epigenetic modifica-
tions of hsa‑miR‑142‑2p‑ACSL1, hsa‑miR‑15a‑3p‑NAMPT, 
hsa‑miR‑17‑3p‑JDP2, hsa‑miR‑33‑5p‑RGS2, hsa‑miR‑​
24‑1‑5p‑AQP9 and hsa‑miR‑34a‑5p‑STAT1/AKT3 and 
four signaling pathways (‘chemokine signaling pathway’, 
‘Jak‑STAT signaling pathway’, ‘MAPK signaling pathway’ 
and ‘T cell receptor signaling pathway’) may be associated 
with the development of MI. In addition, ACSL1, NAMPT, 
RGS2, JDP2, AQP9, STAT1 and AKT3 could monitor the 
recurrence risk of patients with MI. However, there is a limita-
tion of the present study. The underlying mechanism of the 
identified differentially expressed miRNAs and mRNAs in MI 
requires further study in vivo and in vitro.
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