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through PTEN/Akt/P-Akt signaling pathway

Z. MA', Y.-H. LAN', Z.-W. LIU?, M.-X. YANG?, H. ZHANG', J.-Y. REN?

'Department of Cardiology, Beijing Jishuitan Hospital, Beijing, China
’Department of Emergency, Beijing Jishuitan Hospital, Beijing, China
3Department of Cardiology, China-Japan Friendship Hospital, Beijing, China

Abstract. — OBJECTIVE: To detect differen-
tially expressed micro ribonucleic acids (miR-
NAs) in rats with myocardial ischemia/reperfu-
sion (MIR), and to explore the influence of miR-
19a on MIR rats and its mechanism.

MATERIALS AND METHODS: Firstly, the
Sprague-Dawley (SD) rats were used to prepare
MIR models, RNAs were extracted, and miR-
NA sequencing analysis was carried out to de-
termine differentially expressed miRNAs relat-
ed to MIR. Secondly, the predicted target genes
of miR-19a were collected, and WebGestalt was
applied to analyze gene ontology (GO) and path-
way enrichment. Thirdly, the expression of the
related proteins and the apoptosis of myocar-
dial cells in MIR rats were detected via Western
blotting. Fourthly, the interaction between miR-
19a and the target gene phosphatase and tensin
homolog (PTEN) was examined through Lucifer-
ase reporter assay.

RESULTS: Compared with that in the Sham
operation (Sham) group, the miR-19a expres-
sion in rat myocardial tissues in the MIR group
was significantly increased (p<0.05). Compared
with those in the miR-negative control (miR-NC)
group, the messenger RNA (mRNA) and protein
expressions of PTEN in the miR-19a group were
notably decreased (p<0.05). In comparison with
the miR-NC group, miR-19a group had elevated
expression of phosphorylated protein kinase B
(p-Akt) (p<0.05). The Luciferase reporter gene
assay manifested the direct binding of miR-19a
to PTEN mRNA.

CONCLUSIONS: MiR-19a inhibits the PTEN
expression by directly binding to the 3-UTR of
PTEN mRNA, thus activating the Akt/p-Akt sig-
naling pathway to suppress the apoptosis of
myocardial cells in MIR injury.
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Introduction

Cardiovascular disease has a high mortality
rate and causes lesions in the heart and blood
vessels. In 2013, about 17.3 million people died
of the disease worldwide, and its mortality rate
increased from 25% to 40% only in China from
1990 to 20102, Most patients with cardiovascular
disease suffer from myocardial ischemia due to the
reduction of cardiac blood flow caused by partial
or complete occlusion of cardiovascular arteries,
thus failing to obtain sufficient oxygen supply,
which damages the myocardium and causes seri-
ous arrhythmia®. Myocardial ischemia/reperfusion
(MIR) is regarded as the most effective treatment
method for ischemic heart disease®. Paradoxically,
reperfusion also leads to injury by prolonging
myocardial injury during ischemia despite its im-
provement on the prognosis of patients with acute
myocardial infarction®. Therefore, reducing the
intervention of reperfusion injury during coronary
artery recanalization is considered as a promising
strategy to further reduce the infarct size and im-
prove the prognosis of myocardial infarction, and
exploring a new mechanism of MIR injury is of
great significance for preventing and treating car-
diovascular disease.

Micro ribonucleic acids (miRNAs) are a kind
of non-coding single-stranded RNA molecules
that participate in the regulation on post-tran-
scriptional gene expression in plants and ani-
mals®. MiRNAs play vital roles in metabolism,
proliferation, and other biological processes’,
and they are also involved in the processes of
many diseases®, such as tumor development’
and inflammatory process'’. MiR-19a is a mem-
ber of the miR-17-92 cluster, that exerts crucial
regulatory effects in the development of the
heart and lung''? and is also involved in aging
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and canceration'®. So, miR-34a is able to reg-
ulate autophagy activity by targeting Atg4B,
resulting in IR injury'. As a core member of
miR-17-92 cluster, miR-19 can improve lymph-
angiogenesis'® by targeting thrombospondin-1
in colorectal cancer, thus accelerating cell pro-
liferation, migration, and invasion. Besides,
miR-19a overexpression can suppress myocar-
dial cell apoptosis resulting from ischemia in
vivo and in vitro and protects myocardial cells
from hypoxia/reoxygenation-induced apoptosis
through the phosphatase and tensin homolog
(PTEN)/phosphatidylin-ositol-3-kinase (PI3K)/
phosphorylated protein kinase B (p-Akt) path-
way!'s,

In this study, the rat model of MIR was utilized
to study the differential expression of miR-19a,
thus further clarifying the effect of miR-19a on
MIR, and its action mechanism was explored.
The results manifested that miR-19a inhibited the
apoptosis of myocardial cells by suppressing the
expression of PTEN, which provides a more suf-
ficient theoretical basis for miR-19a as a marker
and target of MIR.

Materials and Methods

Reagents

MiR-19a mimics were purchased from Ge-
nePharma (Shanghai, China), Dulbecco’s Modi-
fied Eagle’s Medium (DMEM) and fetal bovine
serum albumin (FBS) from Nanjing Sunshine
Biotechnology Co., Ltd. (Nanjing, China), Trans-
Fast transfection reagent from Promega (Madi-
son, WI, USA), psiCHECK-2 Luciferase plasmid
from Shanghai Kelei Co., Ltd. (Shanghai, China),
radioimmunoprecipitation assay (RIPA) lysate
(Beyotime, Shanghai, China), polyvinylidene di-
fluoride (PVDF) membrane (Millipore, Biller-
ica, MA, USA), enhanced chemiluminescence
(ECL) Plus Western blotting detection reagent
and horseradish peroxidase (HRP)-conjugated
secondary antibody from ImmunoWay Biotech-
nology Company (Plano, TX, USA).

Rat MIR Model Preparation

A total of 20 Sprague-Dawley (SD) rats were
randomly divided into two groups and anesthe-
tized with pentobarbital. After the hearts were
exposed, the left anterior descending coronary
artery (LAD) was sutured with silk threads for
30 min in the operation (MIR) group. Myocardial
ischemia was confirmed by electrocardiograms.

Next, LAD was reperfused for 2 h, and the ob-
tained heart tissues were further analyzed. In
the sham operation (Sham) group, the heart was
exposed, but the LAD was not ligated. This study
was approved by the Animal Ethics Committee
of Peking University Animal Center.

MiRNA Sequencing Analysis

MiRNA sequencing was implemented by
Shanghai Kangchen Biotech Co., Ltd. (Shang-
hai, China). In short, small RNAs were sepa-
rated from the total RNAs and purified first-
ly. Then, they were linked to the 5° end and
purified, and linked to the 3’ end, followed
by purification. Secondly, the first-strand and
second-strand complementary deoxyribonucle-
ic acids (cDNAs) were synthesized, and Illu-
mina Genome Analyzer IIx was employed for
sequencing analysis. MiRNAs with FC >2.0
and p<0.05 were considered to be differentially
expressed.

Target Gene Prediction and Analysis

TargetScan and miRDB were employed to
predict miR-19a target genes. The first 300 tar-
get genes were taken as its target genes after
the intersection of the two databases. After that,
the target genes were uploaded to WebGestalt
for gene ontology (GO) and pathway enrich-
ment analyses. In addition, the first 150 target
genes were taken for the visualization of the
miRNA-target network using Cytoscape3.7.1".
Finally, the binding site between miR-19a and
the target gene PTEN was predicted using Tar-
getScan.

Cell Culture and Transfection

HO9c2 cells were maintained in DMEM sup-
plemented with 10% FBS and 1% Pen/Strep
solution and cultured in an incubator with 5%
CO, at 37°C. Thereafter, H9¢2 cells were plat-
ed in a 24-well plate and transfected with 100
nM of miR-19a mimics (miR-19a) and negative
control (miR-NC) using TransFast according to
the instructions of miRNA transfection reagent
(GenePharma, Shanghai, China). Subsequently,
the complete PTEN sequence was inserted into
pcDNA3.1 plasmid to construct PTEN overex-
pression system (pcDNA-PTEN). On the next
day, H9c2 cells were transfected with the PTEN
overexpression plasmid using TransFast, and
at 24 h after transfection, the in vitro ischemia
model was induced'®. 48 h later, the cells were
collected for subsequent analysis.
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Detection of the Change in the Gene
mRNA Level Via Quantitative Reverse
Transcription-Polymerase Chain Reaction
(GRT-PCR)

The total RNAs were extracted from the cells
and quantified via NanoDrop ND-2000 (Ther-
mo Fisher Scientific, Waltham, MA, USA).
CDNAs were synthesized with miScriptll re-
verse transcriptase (Qiagen, Hilden, Germany),
and miR-19a was quantified using miScript
SYBR Green PCR kit (Qiagen, Hilden, Ger-
many). Then, cDNAs were synthesized using
RevertAid First Strand cDNA Synthesis Kit
(Thermo Fisher Scientific, K1622, Waltham,
MA, USA), and PTEN was quantified with
SYBR Green PCR kit (Promega, Madison, W1,
USA). Finally, the cDNAs were tested on the
machine based on the 7500-Fast real-time PCR
system (Applied Biosystems, Foster City, CA,
USA). The expression levels of miRNAs and
genes were calculated by 2-24¢t method, with
U6 (a small nuclear RNA) and glyceraldehyde
3-phosphate dehydrogenase (GAPDH) as inter-
nal references. QRT-PCR primer sequences are
shown in Table I.

Luciferase Reporter Assay

TransFast was used to co-transfect myocardial
cells with psiCHECK-2 Luciferase plasmids con-
taining wild-type PTEN (PTEN-WT) and mutant
PTEN (PTEN-MUT) and miR-19a mimics or
miR-NC, and the Luciferase activity was mea-
sured using a microplate reader (BioTek, Biotek
Winooski, VT, USA) 48 h later.

Analysis of the Level of Related Protein
Via Western Blotting

The culture solution in the plate was discard-
ed, and an appropriate amount of lysis solution
was added to each well after washing with
phosphate-buffered saline (PBS). After fully
shaking, the cells were scraped, and the protein
samples were obtained after ultrasonication and
centrifugation. The protein concentration was
measured by bicinchoninic acid (BCA; Pierce,
Rockford, IL, USA), and the volume of all sam-
ple proteins was set constant for isoconcentra-
tion. Following sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE), the
proteins in the gel were transferred onto a PVDF
membrane, and incubated with anti-PTEN an-
tibody (diluted at 1:2000) overnight at 4°C and
then, with HRP-conjugated secondary antibody
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(diluted at 1:600) at room temperature for 1 h.
Ultimately, the color was developed with ECL
Plus Western blotting detection reagent.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 22.0 software (IBM Corp., Armonk,
NY, USA) was adopted for statistical analy-
sis. The data of the numerical variables were
expressed as mean =+ standard deviation, and
independent two-sample #-test was employed
for the comparison between the two groups.
p<0.05 suggested that the difference was sta-
tistically significant.

Results

MiR-19a Expression Was Upregulated in
MIR Rats

MiRNA sequencing analysis showed that the
expression of miR-19a in the myocardial tissues
of rats in MIR group was increased compared
with that in the Sham group (p<0.05) (Figure
1), which was further verified by qRT-PCR
(Figure 2).

Prediction Results of MiR-19a Target
Genes

Bioinformatics tools (TargetScan and miR-
PathDB) were utilized to predict miR-19a target
genes. After the intersection of the two data-
bases, the first 300 target genes were taken as
miR-9a target genes. Then, Cytoscape 3.7.1 was
employed to visualize the interaction network
between miR-19a-target for the first 150 target
genes (Figure 3), and it was found that PTEN was
one of miR-19a target genes.

Results of GO and Pathway Enrichment
Analyses for MiR-19a Target Genes

The 300 target genes of miR-19a were upload-
ed to the WebGestalt online tool for enrichment
analysis to obtain a series of biological processes
in which the target genes participate. These bio-
logical processes covered a wide range of catego-
ries, including responses to endogenous stimuli,
and regulation on cell growth, proliferation, and
metabolism process (Figure 4).

MiR-19a Transfection Induced the
Overexpression of MiR-19a

In order to identify whether miR-19a trans-
fection induces the overexpression of miR-9a
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Figure 1. Heat map shows
that miRNAs are differen-
tially expressed in MIR rats.
Arrow: miR-19a.
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Figure 2. QRT-PCR displays that miR-19a expression
in MIR rats is increased. Note: Compared with that in the
Sham group, the expression of miR-19a in MIR group is
increased (**p<0.01).

in myocardial cells, qRT-PCR was carried out
to detect the miR-19a expression in myocardial
cells after transfection. The results revealed
that the expression level of miR-19a in miR-19a
group was markedly raised compared with that
in the miR-NC group (p<0.05) (Figure 5).

MiR-19a Inhibited the Apoptosis of
Myocardial Cells

The expression of cleaved cysteinyl aspar-
tate specific proteinase-3 (cleaved Casp-3) was
detected, so as to determine whether the over-
expression of miR-19a after MIR treatment af-
fects the level of apoptosis (Figure 6A). It was
found that the miR-19a overexpression reduced
the expression of cleaved Casp-3 induced by
MIR, and the difference was statistically sig-
nificant (p<0.05) (Figure 6B).
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Figure 3. MiR-19a-target interaction network. Nodes: genes or miRNAs, lines: connections, red: miR-19a, light blue: target

genes and dark blue: PTEN.
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Figure 4. Statistics of GO entries enriched with miR-19a target genes.
CC enrichment, and molecular function (MF): MF enrichment.
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Figure 5. MiR-19a transfection induces the overexpression
of miR-19a. Note: Compared with the Control group, the
expression of miR-19a in miR-NC group has no evident
change. In comparison with miR-NC group, the expression
level of miR-19a in miR-19a group is notably raised (*»<0.05).

MiR-19a Directly Bound to PTEN to
Inhibit PTEN and Activate the PI3K/Akt
Signaling Pathway

To further explore the action mechanism of
miR-19a in MIR, TargetScan was firstly used for
prediction of the binding site between miR-19a
and PTEN (Figure 7A). The results of the Lu-
ciferase reporter gene assay manifested that the
Luciferase activity of the reporter plasmids with
PTEN-WT in H9¢2 cells was evidently decreased
in the miR-19a overexpression group. However,
no evident change was observed in the PTEN-
MUT reporter gene system (p<0.05) (Figure 7B).
QRT-PCR results demonstrated that the mRNA
level of PTEN in miR-19a overexpression group
declined (p<0.05, Figure 7C). According to West-
ern blotting results, the protein level of PTEN
was markedly inhibited by miR-19a, and the ex-
pressions of p-PI3K and p-Akt were raised after
miR-19a was overexpressed (p<0.05, Figure 8). In
conclusion, miR-19a inhibits the mRNA and pro-
tein expression levels of PTEN and activates the
Akt/p-Akt signaling pathway by directly binding
to PTEN.

Discussion
In this study, the enrichment analysis was first-

ly implemented for the biological processes and
pathways involving miR-19a target genes at the

gene level. The results showed that the biological
processes in which miR-9a target gene participated
covered a wide range of categories, including re-
sponses to endogenous stimuli, and regulation on
cell growth and metabolism. The role of miR-19a
in myocardial cells has been reported in previous
studies. In this study, the biological processes in-
volving miR-19a target genes were analyzed in a
more comprehensive manner and it was found that
that miR-19a participates in the regulation process-
es of cell proliferation and apoptosis. Secondly,
miR-19a may influence the metabolic process of
cells. Subsequent studies are expected to investi-
gate the effect of metabolic process imbalance on
MIR onset. It is known that the signal transduction
pathways involving PTEN, PI3K, and p-Akt are
associated with apoptosis and exert vital effects in
the control of myocardial cell survival and func-
tion"”. PTEN is a tumor suppressor often inactivat-
ed in human cancers and capable of inhibiting the
PI3K pathway and Akt phosphorylation®. Activa-
tion or inhibition of Akt phosphorylation results
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Figure 6. Expression level of cleaved Casp-3 detected by
Western blotting: (A) protein electrophoresis results, and (B)
protein quantification results. Note: MIR treatment induces
the expression of cleaved Casp-3. Compared with that in
the Control group, the expression level of cleaved Casp-3
in miR-NC group does not change significantly. Compared
with that in miR-NC, the expression level of cleaved Casp-3
in miR-19a group declines remarkably (*p<0.05).
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Figure 7. MiR-19a functions by directly binding to PTEN. A, The binding sites between normal PTEN and PTEN-MUT
sequences and miR-19a. B, The luciferase activity of PTEN-WT and PTEN-MUT reporter genes after myocardial cells are
transfected with miR-NC and miR-19a. C, Changes in the mRNA level of PTEN after myocardial cells are transfected with
miR-19a and miR-NC. Note: "p<0.05: miR-NC group vs. miR-19a group.
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Figure 8. Verification results of related protein levels after miR-19a overexpression. A, Protein electrophoresis bands of
PTEN, p-PI3K and p-Akt after myocardial cells are transfected with miR-NC and miR-19a. B, Protein quantification results
of PTEN, p-PI3K and p-Akt proteins after after myocardial cells are transfected with miR-NC and miR-19a. Note: ‘p<0.05:
miR-NC group vs. miR-19a group.
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in the imbalance of many biological processes,
including cell apoptosis, proliferation, and metab-
olism?'. In this study, the changes in the miR-19a
expression were detected in the myocardial tissues
of MIR rats, and the inhibitory mechanism of
PTEN was explored.

It has been indicated by previous studies that
miRNAs bind to mRNAs in numerous diseases
and biological processes and act as mRNA in-
hibitors to regulate the mRNA expression at the
transcriptional and post-transcriptional levels.
In the meantime, increasingly more miRNA
molecules have been identified to be a land-
mark in diseases. However, due to the complex
interaction between miRNAs and their mRNA
targets, the action mechanism of miRNAs is
still controversial and needs to be further ex-
plored®*%. Li et al** have reported that miR-19
family is a promising biomarker and therapeutic
target in the heart, blood vessels, and neurons.
MiR-19a molecule also plays a crucial role in
cancer transformation and often serves as an
indicator for cancer prognosis®~2°. In addition,
the functions of miR-19a in myocardial isch-
emia processes involving the complex PTEN/
PI3K/Akt signaling pathway have also been re-
searched'®. However, compared with these stud-
ies, the present study made related verification
using myocardial cells and partial verification
on the miR-9a expression via the rat model.
However, there are still deficiencies. The in vivo
study is not sufficient and further exploration is
needed. Besides, the data reported previously
are limited and the mechanism of action is still
unclear. In the present study, the changes in
the expression of miR-19a during MIR injury
were investigated. The differential expression of
miR-19a in MIR indicates its vital function in
the disease progression. Moreover, the potential
role of miR-19a in IR-induced myocardial cell
injury was explored, and the verification of the
relationship between miR-19a and target genes
denotes the role of miRNA in the activation
of Akt/p-Akt pathway, thus laying foundations
for MIR development and the identification of
miR-19a as a diagnostic marker or therapeutic
target. In spite of the relatively sufficient predic-
tion and verification in this study, there are still
deficiencies. Firstly, only the effect of miR-19a
on myocardial cell apoptosis through the Akt/p-
Akt signaling pathway was researched, but other
pathways, such as MAPK signaling pathway and
NF-kB signaling pathway, were not detected.
Therefore, the mechanism of miR-19a in MIR

still needs further exploration. Secondly, atten-
tion should also be paid to other BPs in addition
to cell apoptosis, such as GO indicating the
process of metabolism. Furthermore, whether
miR-19a molecule plays the same role in MIR
patients still needs further clinical verification
because of the differences between rats and hu-
mans and between cell tests and clinical tests.

Conclusions

To sum up, this study shows the differential
expression of miR-19a in the myocardial tissues
of MIR rats, laying a foundation for its role in
the heart injury in the future. The mechanism ex-
ploration reveals that miR-19a inhibits the PTEN
expression and activates the Akt phosphoryla-
tion, providing theoretical and scientific bases
for the application of miR-19a in the treatment of
MIR. The possibility of miR-19a as a potential
therapeutic target for MIR is proposed, and the
theoretical insights into miR-19a as a potential
therapeutic target for other related diseases are
also provided, which enrich and expand the role
of miR-19a in diseases.
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