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Exosomal miR-152-5p/ARHGAP6/ROCK axis
regulates apoptosis and fibrosis in cardiomyocytes
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Abstract. Acute myocardial infarction (AMI) is a fatal cardio-
vascular disease with a high mortality rate. The discovery of
effective biomarkers is crucial for the diagnosis and treat-
ment of AMI. In the present study, miRNA sequencing and
reverse transcription-quantitative polymerase chain reaction
techniques revealed that the expression of exosome derived
miR-152-5p was significantly downregulated in patients with
AMI compared with healthy controls. A series of functional
validation experiments were then performed using H9c2
cardiomyocytes. Following transfection of the cardiomyocytes
using an miR-152-5p inhibitor, immunofluorescence staining
of a-smooth muscle actin revealed a marked increase in
fibrosis. Western blotting revealed that the expression levels
of the apoptotic protein Bax, TNF-a and collagen-associated
proteins were significantly increased, whereas those of the
apoptosis-inhibiting factor Bcl-2 and vascular endothelial
growth factor A were significantly decreased. Furthermore,
the binding of Rho GTPase-activating protein 6 (ARHGAPO6)
to miR-152-5p was predicted using an online database and
verified using a dual-luciferase reporter gene assay. The trans-
fection of cardiomyocytes with miR-152-5p mimics was found
to inhibit the activation of ARHGAP6 and Rho-associated
coiled-coil containing kinase 2 (ROCK?2). These results
suggest that miR-152-5p targets ARHGAP6 through the
ROCK signaling pathway to inhibit AMI, which implies that
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miR-152-5p may be a diagnostic indicator and potential target
for treatment of myocardial infarction.

Introduction

Acute myocardial infarction (AMI) is a severe cardiovascular
disease which is caused by acute sustained ischemia and inad-
equate oxygen supply of the coronary arteries, and results in
severe cardiac failure (1). It has a high mortality rate and is
a considerable socioeconomic concern (2). AMI is mainly
caused by coronary artery occlusion and the interruption
of blood flow, leading to ischemic necrosis and irreversible
cardiomyocyte loss through oxidative stress, inflammatory
responses and morphological changes in myocardial fibro-
blasts (3-5). Cardiomyocyte loss comprises the necrosis or
apoptosis of cardiomyocytes. The loss of cardiomyocyte
excitation and contractility leads to functional disorders of
cardiomyocyte function. Although persistent myocardial
damage can be mitigated by current therapeutic approaches,
including surgical intervention, thrombolysis and interven-
tional therapy, it is not possible to alleviate the early massive
myocardial cell loss. Due to limited regenerative capacity
of cardiomyocytes, the early identification of AMI and the
development of effective treatments to reduce cardiomyocyte
loss are of great value (6,7).

Clinicians diagnose AMI primarily on the basis of
clinical symptoms, electrocardiogram results and serum
biomarkers. Traditional serum biomarkers, which include
creatine kinase isoenzyme MB (CK-MB) and troponin I/T,
present with a lag and may give false-positive results (8).
Therefore, it is necessary to develop new biomarkers for
the diagnosis of AMI. Exosomes are 30-100 nm bilayer
vesicles that carry cellular products such as proteins,
mRNA, miRNA and lipids (9,10). MicroRNAs (miRNAs,
miRs) from plasma exosomes have been reported to be ideal
biomarkers for the early identification of cardiovascular
disease and to have great potential for therapeutic and other
applications (11,12). There is evidence to suggest that a series
of important physiological processes, including the survival,
proliferation and angiogenesis of cardiomyocytes are regu-
lated by miRNAs (13,14). In addition, miRNAs have been
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shown to stimulate cardiomyocyte proliferation and promote
cardiac repair (15,16). For example, Wang et al (17) showed
that plasma biomarkers miRNA-499 and miRNA-22 have
high sensitivity and specificity for the diagnosis of AMI.
In another study, 18 exosomal miRNAs were identified to
be differentially expressed in patients with AMI compared
with patients with coronary artery disease and healthy
controls, indicating that these exosomal miRNAs may have
the potential be developed as highly sensitive, noninva-
sive biomarkers for early AMI diagnosis (18). miR-152 is
abnormally expressed in a variety of diseases; for example,
miR-152-5p has been demonstrated to be a tumor suppressor
in gastric cancer (19).

A previous study showed that miR-152-5p is a potential
biomarker for myocardial infarction (20). The Ras homolog
family member A (RhoA)/Rho-associated protein kinase
(ROCK) pathway interacts with numerous other signaling
pathways, including the MAPK, hypoxia-inducible factor-1
and NF-kB pathways (21-23). Furthermore, our previous study
showed that ROCK is activated in the plasma of patients with
acute coronary syndrome (24). The RhoA/ROCK pathway is
involved in the regulation of a number of cellular functions,
including cell differentiation, gene expression, apoptosis and
inflammation. In addition, the inhibition of ROCK decreases
cardiac fibrosis and the chemotaxis of inflammatory cyto-
kines (25,26).

Therefore, high-throughput sequencing was performed
in the present study to explore the profiles of circulating
exosome-derived miRNAs in blood samples from patients
with AMI compared with those in healthy individuals. The
study further aimed to reveal the regulatory role of miRNAs
in AMI.

Materials and methods

Sample collection. Seven patients with AMI (3 male and 4
female, aged between 47 and 69 years, with an average age
of 60 years) admitted to Shenzhen Nanshan People's Hospital
(Guangdong, China) from October 25 to November 12, 2019
were included in the study, and 9 healthy individuals (5 male
and 4 female, aged between 34 and 53 years, with an average
age of 43 years) were selected as the control group. Inclusion
criteria for AMI: type I myocardial infarction conforming to
the global definition and classification of 2018 ESC myocar-
dial infarction, and the onset time of AMI is within 14 days.
Inclusion criteria of healthy people: those without hyperten-
sion, diabetes, hyperlipidemia, coronary heart disease, and
those CT examination with normal coronary artery. Both
groups excluded creatinine clearance rate<30 ml/min, liver
dysfunction child B, C, infection, trauma or surgical history
within 4 weeks, malignant tumors, systemic immune diseases,
and the use of steroids, anti-inflammatory and analgesic
drugs, immunosuppressants. The study was undertaken with
the informed consent of each participant, and all participants
signed an informed consent form. A venous blood sample
(5 ml) was collected, and sodium citrate was added to prevent
coagulation. The blood samples were cryopreserved at -20°C
until further use. All procedures were ethically guided by the
principles of the 1964 Declaration of Helsinki and its 2013
amendment.

Exosome isolation and detection. The clinical venous blood
samples were thawed on ice, and exosomes were extracted
from the blood plasma using exoQuick-TC precipitation
(System Biosciences). In brief, ExoQuick-TC was added to
the plasma after mixing at 4°C overnight. Following centri-
fuge the mixture at 12,000 g, 4°C for 20 min to remove
the supernatant, and the white pellet at the bottom of the
centrifuge tube was collected. The biological morphology of
exosome was observed by negative staining of transmission
electron microscope. In brief, fix purified exosomes with of
2% Paraformaldehyde (PFA) for 5 min at room temperature.
The extracted exosomes were diluted 1:20, and then 10 pl was
added to a copper net under electron microscope and heated
in an oven at 65°C for 30 min. After drying, the exosomes
were labelled with 1% uranyl acetate for 10 min under room
temperature. The size and characteristics of the exosomes were
observed under a transmission electron microscope (Tecnai
G2 Spirit BioT WIN; FEI Company).

RNA extraction. Extraction of total RNA from plasma
exosomes and cells was performed using TRIzol® (Invitrogen;
Thermo Fisher Scientific, Inc.). Notably, each sample was
supplemented with 1 ug glycogen following the addition
of isopropyl alcohol. The concentration and integrity of the
obtained RNA was determined using a NanoDrop™ 2000
(Thermo Fisher Scientific, Inc.), agarose gel electrophoresis
and Bioanalyzer 2100 (Agilent Technologies, Inc.). RNA that
had been quality-checked satisfactorily was stored at -80°C for
further study.

miRNA sequencing. An miRNA library was generated
with a QIAseq miRNA Library Kit (Qiagen GmbH, cat.
no. 331505), and miRNA sequencing was performed using
the Illumina HiSeq 2500 System (Illumina, Inc.) after
quality control (total RNA is >0.05 ug) by nanodrop 2000
(Thermo Fisher), with an paired-end 50 bp sequencing
strategy. Following assessment of the quality of the raw
data using FastQC (https://github.com/s-andrews/FastQC),
Cutadapt software (cutadapt version 1.15, Marcel Martin)
was used to remove the adapters and filter the reads with a
length of <17 nucleotides and a percentage of N bases >10%.
The calculated transcripts per million values were used as
normalized data and read counts <10 were considered unex-
pressed. After determining the fold change (FC) values, the
miRNAs with llog2FCI>1 and false discovery rate <0.01
were considered differentially expressed. Of these, the
miRNAs with logFC >1 were upregulated, while those with
logFC <-1 were downregulated.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) assay. Total RNA was synthesized into cDNA
using the EntiLink™ 1st Strand cDNA Synthesis Kit (ELK
Biotechnology). Then qPCR amplifications were performed
using a EnTurbo™ SYBR Green PCR SuperMix Kit (ELK
Biotechnology) with a QuantStudio™ 6 Flex system PCR
instrument (Thermo Fisher Scientific, Inc.) under the following
thermocycling conditions: 95°C (30 sec), 95°C (10 sec), 58°C
(30 sec) and 72°C (30 sec) for 40 cycles. All experiments were
performed in triplicate. Relative gene expression was calcu-
lated using the 2224 method (1), with U6 as the reference
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Table I. Primer sequences.

Name Sequence (5'-3")
U6-RT AACGCTTCACGAATTTGCGT

U6-F CGCTTCGGCAGCACATATACT

U6-R AACGCTTCACGAATTTGCGT

rno-miR-152-5p-RT
rmo-miR-152-5p-F
rno-miR-152-5p-R
GAPDH-F
GAPDH-R
ARHGAP6-F
ARHGAP6-R
hsa-miR-152-5p-RT
hsa-miR-152-5p-F
hsa-miR-152-5p-R

CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAGTCGGAG
CGGAGGTTCTGTGATACACTCC

CTCAACTGGTGTCGTGGAGTC

AACAGCAACTCCCATTCTTCC

TGGTCCAGGGTTTCTTACTCC

CTCCACAGTAAGCCGACTCAAT
CAGTGGGACTTCGTAGTCAAAGT
CTCAACTGGTGTCGTGGAGTCGCCAATTCAGTTGAGAGTCCGAG
GGCCGGTTCTGTGATACACT

GCGACGAGCAAAAAGCTTGT

RT, reverse transcription; F, forward; R, reverse; rno, Rattus norvegicus; miR, microRNA; ARHGAP6, Rho GTPase-activating protein 6.

gene for miR-152-5p and GAPDH as the reference gene for
ARHGAPG. Primer sequences are shown in Table 1.

Bioinformatics. Genes targeted by differentially expressed
miRNAs were predicted with the use of a public
miRTarBase database (https://mirtarbase.cuhk.edu.cn/
~miRTarBase/miRTarBase_2022/php/index.php), and catego-
rized 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 soft-
ware and hypergeometric tests via the Kyoto Encyclopedia of
Genes and Genomes (KEGG) database (https://www.genome.
jp’kegg/). Use miRDB database (mirdb.org/) to predict the
binding site of miR-152-5p.

Cell culture and transfection. H9c2 rat cardiomyocytes were
obtained from the Cell Bank of Type Culture Collection of
the Chinese Academy of Sciences (cat. no. GNR 5). The H9¢c2
cardiomyocytes were cultured in DMEM (Hyclone; Cytiva)
containing 10% fetal bovine serum (Invitrogen; Thermo Fisher
Scientific, Inc.) in a humidified incubator at 37°C with 5% CO,.
The H9c2 cardiomyocytes were transfected with 50 nM mimic
negative control (NC), sense, 5-UUUGUACUACACAAA
AGUACUG-3' and antisense, 3'-AAACAUGAUGUGUUU
UCAUGAC-5"; miR-152-5p mimic, sense, 5'-AGGUUCUGU
GAUACACUCCGACU-3' and antisense, 3'-UCCAAGACA
CUAUGUGAGGCUGA-5'; inhibitor NC 5'-CAGUACUUU
UGUGUAGUACAAA-3' and miR-152-5p inhibitor, 5'-AGU
CGGAGUGUAUCACAGAACCU-3' using Lipofectamine®
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) at 37°C. After
6 h of transfection, the solution was replaced with cell culture
medium. Cells were cultured for another 48 h prior to analysis
by RT-qPCR. Accordingly, four groups were established for the
experiment: Mimic NC, miR-152-5p mimic, inhibitor NC and
miR-152-5p inhibitor. The miR-152-5p mimic, inhibitor and
their NCs were synthesized by Guangzhou RiboBio Co., Ltd.

Western blot analysis. H9c2 cardiomyocytes were lysed in
cold radioimmunoprecipitation assay lysis buffer (Fermentas;
Thermo Fisher Scientific, Inc.). The concentration of the
extracted protein was determined using a BCA Protein
Quantification Kit (AS1086; Aspen Biotechnology). A total of
50 ug protein was loaded per lane. Proteins were then sepa-
rated by 12% SDS-PAGE and transferred to polyvinylidene
difluoride membranes (MilliporeSigma), followed by the
addition of Tris-buffered saline and 0.1% Tween 20 (ASPEN)
containing 5% skimmed milk (BD Biosciences) for 1 h at
room temperature to block the membranes. Subsequently,
the membranes were incubated with primary antibodies
overnight at 4°C (Table SI). Then, the membranes were then
washed thoroughly three times with phosphate-buffered saline
containing 0.1% Tween-20 (PBST) and then incubated with
goat anti-rabbit secondary antibodies (1:10,000; Abcam) for
1 h at room temperature. After washing three times with
PBST, chemiluminescence detection was performed with ECL
chemiluminescence detection kit (ASPEN). Relative protein
expression was analyzed with Image-Pro Plus software 6.0
(Media Cybernetics, Inc.) and normalized to GAPDH.

Immunofluorescence analysis. Cells were fixed with 4% parafor-
maldehyde for 30 min at room temperature and then endogenous
peroxidase/phosphatase activity was blocked with 3% H,0, for
20 min in a dark environment. The cells were then incubated
with an anti-a-smooth muscle actin (a-SMA) antibody (1:200,
55135-1-AP; ProteinTech Group, Inc.) at a dilution of 1:1,000
with 5% BSA (Roche) and incubated overnight in a humidi-
fied box at 4°C. Cy3-labeled fluorescent secondary antibody
(AS1109; ASPEN Biotechnology) was added at a dilution of
1:100 after washing, and incubated for 50 min at room tempera-
ture. Then, the cells were washed three times with 1X PBS, and
**** counterstained with DAPI (AS1075; ASPEN Biotechnology)
for 5 min at room temperature. Confocal microscopy was
performed and fluorescence was analysed using a fluorescence
microscope (Leica DMI4000B; Leica Microsystems, Inc.).



4 CHEN et al: ROLE OF miR-152-5p IN AMI

Dual-luciferase reporter assay. The full-length 3' untrans-
lated region (3'UTR) amplification products of the Rho
GTPase-activating protein 6 (ARHGAPO) gene containing
the binding sites of miR-152-5p predicted by the miRDB
database were transferred into a pmiRGLO expression vector
(Tsingke Biotechnology) to form ARHGAP6-wild-type (WT).
Independently, a site-specific mutation targeting the predicted
binding site for miR-152-5p in the ARHGAP6 gene was estab-
lished, and the resultant mutant sequence was also introduced
into a pmiRGLO expression vector to form ARHGAP6-MUT.
Then, the H9¢2 cardiomyocytes were co-transfected with
a reporter plasmid and a miR-152-5p mimic or mimic-NC
using Lipofectamine 2000. The ARHGAP6-WT- and
ARHGAP6-MUT-transfected cells were each used to estab-
lish a blank control, miR-152-5p mimic and mimic-NC group
with three duplicate wells in each group. After 48 h of culture,
the luciferase activity of the cells was detected using a fluo-
rescence microplate reader (Spark 10M; Tecan Group, Ltd.)
according to the instructions of the Dual Luciferase Reporter
Gene Assay Kit (RG008, Beyotime). The relative luciferase
activity was calculated using the following equation: Relative
luciferase activity=firefly luciferase activity value/Renilla
luciferase activity value.

Statistical analysis. Statistical analysis and visualization were
performed with SPSS software (version 26; IBM Corp.) and
GraphPad (version 8.0.2; GraphPad Software, Inc.), respec-
tively. Data are presented as the mean + SD. Data were analyzed
for significance using the nonparametric Mann-Whitney U
test. P<0.05 was considered to indicate a statistically signifi-
cant difference. All experiment was repeated three times.

Results

miR-152-5p is significantly downregulated in patients with
AMI. Exosomes were extracted from the peripheral blood
samples of 7 patients with AMI and 9 healthy individuals
(Fig. 1). RNA was extracted from the exosomes for miRNA
sequencing. The different expression miRNA profiles of the
two groups are shown in Fig. 2A. There were 544 upregulated
and 518 downregulated miRNAs, of which miR-152-5p was
the most significantly downregulated (Table II). Therefore,
an in-depth analysis of miR-152-5p was performed. First,
the expression of miR-152-5p in the venous blood exosomes
of patients with AMI and healthy individuals was detected
by RT-qPCR. The results confirmed that miR-152-5p was
significantly reduced in the serum of the patients with AMI
compared with the healthy controls (Fig. 2B), which was
consistent with the sequencing results and illustrated the accu-
racy of the sequencing data. GO analysis showed that various
terms, including ‘cell’, ‘cell part’, ‘protein geranylgeranyl
transferase activity’ and ‘transcription elongation from RNA
polymerase I promoter’ were enriched in AMI. The results of
KEGG analysis shows the pathways that were enriched with
the target genes of miR-152-5p, as predicted using the miRDB
database (Fig. 2C and D).

miR-152-5p inhibits cardiomyocyte apoptosis and fibrosis.
Considering the results of the differential expression analysis,
we hypothesized that miR-152-5p may be involved in associated

NC AMI

Figure 1. Transmission electron microscopy images of exosomes. NC, normal
control; AMI, acute myocardial infarction.

biological functions in the cardiomyocytes of patients with
AMLI. Therefore, miR-152-5p mimic and miR-152-5p inhibitor
were transfected into H9c2 cardiomyocytes to explore the
effects of miR-152-5p on markers of cardiomyocyte apoptosis
and fibrosis. Immunofluorescence analysis revealed that
a-SMA staining was significantly reduced after transfection
of the miR-152-5p mimic compared with mimic NC, indi-
cating that the miR-152-5p mimic significantly reduces H9c2
cardiomyocyte fibrosis (Fig. 3A). In addition, transfection
with the miR-152-5p inhibitor resulted in increased a-SMA
staining compared to transfection with the inhibitor NC
(Fig. 3A). Following the transfection of cardiomyocytes with
the miR-152-5p mimic, western blotting revealed a significant
reduction in the expression of the proapoptotic protein Bax
and the proinflammatory cytokine TNF-a (Fig. 3B and C),
while the expression of Bcl-2, an antiapoptotic protein, was
significantly increased. By contrast, these effects were reversed
following transfection with miR-152-5p inhibitor; specifically,
the expression levels of Bax and TNF-awere significantly
increased, but the expression level of Bcl-2 was significantly
decreased (Fig. 3B and C).

Immunofluorescence was used to detect the level of cardio-
myocyte fibrosis, and the results revealed that a-SMA staining
was markedly reduced after transfection with miR-152-5p
mimic compared with mimic NC, whereas transfection
with miR-152-5p inhibitor resulted in an increase in a-SMA
staining. These results indicate that the miR-152-5p mimic
reduced H9¢2 cardiomyocyte fibrosis (Fig. 4A). Furthermore,
the detection of cardiomyocyte fibrosis-associated protein
markers using western blotting revealed that the miR-152-5p
mimic decreased the expression of collagen I, collagen III
and angiotensin II compared with the mimic-NC (Fig. 4B).
Together these findings suggest that miR-152-5p expression
suppresses fibrosis in cardiomyocytes. Moreover, the increased
expression of vascular endothelial growth factor A (VEGFA)
in the miR-152-5p mimic group compared with the mimic-NC
group indicated that miR-152-5p promoted the regeneration of
cardiomyocytes (Fig. 4B).

miR-152-5p inhibits the ROCK signaling pathway. The ROCK
signaling pathway plays an important role in the occurrence
and development of cardiovascular diseases via the regula-
tion of cardiomyocyte apoptosis, fibrosis, inflammation and
cardiac remodeling, and phosphorylation is a key factor in the
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Table II. Top 10 most significantly downregulated miRNAs.

miRNA log,(FC) P-value FDR

hsa-miR-152-5p -7.53 5.77x1084 1.48x10%
hsa-miR-3622a-5p -6.34 3.57x10°% 3.05x10%
hsa-miR-631 -6.35 1.89x10 1.22x10%
hsa-miR-3940-3p =742 2.64x10% 9.68x10!
hsa-miR-584-3p -5.77 1.10x10% 3.54x10%
hsa-miR-4258 -6.16 6.13x10% 1.58x104
hsa-miR-3192-5p -5.51 1.08x10 2.53x10%
hsa-miR-3146 -5.22 1.86x10 3.98x104
hsa-miR-6731-5p -5.40 2.83x10 5.50x107
hsa-miR-6505-5p -5.16 3.00x10 5.50x10

miRNA/miR, microRNA; log,(FC), log,(fold change); FDR, false discovery rate; hsa, homo sapiens.

function of ROCK (26). Therefore, the effect of miR-152-5p
on the ROCK signaling pathway in cardiomyocytes was inves-
tigated. As shown in Fig. 5, transfection with the miR-152-5p
mimic significantly decreased the expression of ROCK2
and the level of phosphorylated (p-)ROCK compared with
those in the mimic-NC group; by contrast, the miR-152-5p
inhibitor significantly increased ROCK2 and p-ROCK?2 levels
compared with those in the inhibitor-NC group. However, the
ratio of p-ROCK2 to total ROCK2 in the cardiomyocytes was
unchanged regardless of transfection with miR-152-5p mimic
or inhibitor. The obtained results indicate that inhibition of
miR-152-5p expression attenuated the inhibitory effect of
miR-152-5p on the ROCK signaling pathway.

ARHGAPSG is a target gene of miR-152-5p. To further explore
the mechanism underlying the effects of the ROCK signaling
pathway in cardiomyocytes, target gene prediction for
miR-152-5p was performed using the miRDB database. A total
of 93 target genes were predicted to bind with miR-152-5p. A
review of the literature indicated that ARHGAPG6, a member
of the Rho GTPase family, is closely associated with the
ROCK signaling pathway and that ARHGAP®6 is upstream of
ROCK (27). Therefore, a series of experiments on ARHGAP6
were performed. First, the binding sites between miR-152-5p
and the 3'UTR of ARHGAPG6 were predicted (Fig. 6A). Then,
luciferase reporter constructs containing the ARHGAP6
3'UTR with or without a miR-152-5p binding site mutant
sequence were generated and the luciferase activities of the
HOc2 cells were evaluated following co-transfection with a
vector expressing miR-152-5p. In the ARHGAP6-WT cells,
co-transfection with miR-152-5p significantly inhibited the
luciferase activity of the ARHGAP6 gene compared with thatin
the NC mimic group (Fig. 6B). However, in ARHGAP6-MUT
cells, the transfection of miR-152-5p had no significant effect
on the luciferase activity of the ARHGAP6 gene (Fig. 6B).
These results indicate that miR-152-5p regulated the expression
of the ARHGAPG gene by targeting its 3'UTR. Furthermore,
RT-qPCR analysis showed that the mRNA expression level
of ARHGAP6 was significantly reduced in the miR-152-5p
mimic group and increased in the miR-152-5p inhibitor group
compared with that in the respective NC group (Fig. 6C). In

summary, the present study suggests that miR-152-5p inhib-
ited the ROCK signaling pathway, apoptosis and fibrosis in
cardiomyocytes via the targeting of ARHGAP6.

Discussion

In the present study, 544 upregulated and 518 downregulated
miRNAs were identified in the plasma exosomes of patients
with AMI; among these, miR-152-5p was the most strongly
downregulated. Previous studies have shown that miR-152
may promote neonatal cardiomyocyte proliferation (15).
This was supported by the results of the present study, which
indicate that increased miR-152-5p expression promoted the
expression of VEGFA. AMI injury is mainly manifested as
damage to cardiomyocytes. Consequently, the present study
focused on the effect of miR-152-5p on H9¢2 cardiomyocytes
and its potential mechanism. In a previous study using HepG2
and MHCCO97 cells, miR-152-5p overexpression activated
apoptosis-associated factors and upregulated the expression of
forkhead box class O via the JNK pathway (28). Furthermore,
Zong et al (29) reported that miR-152-5p participated in
cigarette smoke extract-induced human bronchial epithelial
cell inflammation by regulating the ERK signaling pathway.
These studies suggested that miR-152-5p may promote tumor
cell apoptosis and participate in the inflammatory response
and other functions in certain cells and diseases. In the present
study, it was found that miR-152-5p inhibits the apoptosis and
fibrosis of H9¢2 cardiomyocytes which indicates that it has the
potential to serve a myocardial protective role.

During the process of myocardial infarction, the
myocardium undergoes structural changes, such as cardio-
myocyte apoptosis, increased expression of extracellular
matrix proteins, cardiomyocyte fibrosis and cardiomyocyte
hypertrophy (30-32). Studies have shown that miRNAs play
important roles in the pathological processes of cardiomyo-
cyte apoptosis, fibrosis and hypertrophy following myocardial
infarction. For example, the overexpression of miR-145-5p
was demonstrated to inhibit hypoxia/reoxygenation-induced
cardiomyocyte apoptosis, alleviate myocardial ischemia/reper-
fusion injury and exert cardioprotective effects (33). In addition,
miRNA-214 was found to be highly expressed in the serum
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mimic, miR-152-5p mimic; iNC, inhibitor NC; inhibitor, miR-152-5p inhibitor.
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Figure 4. miR-152-5p affects the fibrosis of H9¢c2 cells. (A) Effect of miR-152-5p on cardiomyocyte fibrosis was evaluated using a-SMA immunofluorescence
analysis. Blue represents nuclei and red represents collagen fibers Scale bar, 20 um. (B) Effects of the miR-152-5p mimic or inhibitor on cardiomyocyte
fibrosis-associated protein markers. "P<0.05. miR, microRNA; a-SMA, a-smooth muscle actin; VEGFA, vascular endothelial growth factor A; Ang II,
angiotensin II; mNC, mimics NC; mimics, miR-152-5p mimics; iNC, inhibitor NC; inhibitor, miR-152-5p inhibitor.
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Figure 6. miR-152-5p targets the ARHGAP6 3'UTR. (A) Predicted target sequence for miR-152-5p in the ARHGAPG6 3'UTR. (B) Luciferase reporter assays
were performed to confirm the binding between miR-152-5p and ARHGAP6. (C) Relative expression level of ARHGAPS6 in transfected cardiomyocytes as
verified by reverse transcription-quantitative polymerase chain reaction. "P<0.05. miR, microRNA; ARHGAP6, Rho GTPase-activating protein 6; UTR,
untranslated region; WT, wild type; MUT, mutant; mNC, mimics NC; mimics, miR-152-5p mimics; iNC, inhibitor NC; inhibitor, miR-152-5p inhibitor.

of elderly patients with AMI, and inhibited the apoptosis of
human cardiomyocytes, indicating that miRNA-214 contrib-
utes to myocardial infarction (34). Furthermore, the excessive
deposition of collagen also causes cardiac dysfunction (35).
The results of the present study show that miR-152-5p was
downregulated in patients with AMI and the knockdown of
miR-152-5p promoted apoptosis and fibrosis in H9¢2 cardio-
myocytes. By contrast, the increased expression in miR-152-5p
reduced the fibrosis of myocardial cells and may promote their
regeneration. Therefore, we hypothesize that miR-152-5p plays
an important role in the incidence and progression of AMI by
inhibiting cardiomyocyte apoptosis and fibrosis.

In the present study, miR-152-5p was shown to inhibit the
expression of ROCK2. ARHGAPG6, which is upstream of
ROCK, was identified to be targeted by miR-152-5p. A number
of studies have shown a strong connection between ROCK and
the Rho GTPase gene family. The Rho kinases, namely ROCK1
and ROCK?2, are important downstream effectors of the Rho
GTPases and ARHGAP6 is a member of the Rho GTPase
gene family (27,36,37). ROCK1 and ROCK2 are involved in
the control of important physiological functions, including
migration, proliferation, cell contraction, inflammation and adhe-
sion (38). The expression of ROCK2 in the heart is much higher
than that of ROCK1 (39). The interaction between ROCK and
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ARHGAPG has been reported to play a significant role in auto-
somal dominant polycystic kidney disease, diffuse-type gastric
cancer, glaucoma and other diseases (36,40,41). The results of
the present study suggest that miR-152-5p may be involved in
the ROCK signaling pathway via the targeting of ARHGAP6.
Interestingly, the present study found that miR-152-5p decreased
both ROCK2 and p-ROCK?2 levels, but the ratio of p-ROCK2
to ROCK?2 did not change. We hypothesize that miR-152-5p
may regulate the expression of ROCK?2, but not its activation.
ROCK2 has previously been shown to be involved in the activa-
tion and aggregation of inflammatory factors, and to aggravate
the inflammatory response of endothelial cells after myocardial
ischemia injury (42). The pathogenic role of the ROCK signaling
pathway in AMI indicates that inhibiting the activity of ROCK
may provide a novel therapeutic strategy for AMI. The present
study has focused on the effects of miR-152-5p in the regulation of
cardiomyocyte fibrosis and apoptosis markers, and preliminary
experiments have revealed the possibility that miR-152-5p exerts
regulatory effects on cardiomyocytes by targeting ARHGAP6 to
affect the ROCK signaling pathway. Therefore, it is speculated
that miR-152-5p inhibits apoptosis, inflammatory factor release
and myocardial fibrosis by targeting the ARHGAP6/ROCK
pathway in cardiomyocytes.

In conclusion, miRNA expression profiles in AMI
patients were analyzed, which revealed that the expression
of miR-152-5p was downregulated in patients with AMI.
Analyses of transfected cardiomyocytes were performed,
which suggest that miR-152-5p targets ARHGAPG6 through the
ROCK signaling pathway to inhibit cardiomyocyte apoptosis,
inflammatory factor release and fibrosis, thereby restricting the
development of AMI. These results may provide the basis for
further exploration of the role of miR-152-5p in the treatment
of myocardial infarction. However, the molecular mechanisms
of miR-152-5p are likely to involve more complex biological
pathways in AMI and require additional in-depth exploration
in the future.
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