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MicroRNA-150 alleviates acute myocardial
infarction through regulating cardiac
fibroblasts in ventricular remodeling
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Abstract. - OBJECTIVE: The aim of this study
was to investigate the effect of microRNA-150 on
the regulation of myocardial fibrosis and ven-
tricular remodeling in rats with acute myocardi-
al infarction (AMI).

MATERIALS AND METHODS: The AMI rats
model was established by the ligation of the left
anterior descending coronary artery (LAD) in vi-
vo. After AMI procedures, the rats were injected
with microRNA-150 lentivirus overexpression or
negative control, respectively. Cardiac function
of rats was evaluated by echocardiography. He-
matoxylin and eosin (HE) staining and Masson
trichrome were performed to evaluate myocardial
fibrosis in each rat. Meanwhile, cardiomyocyte
apoptosis was detected by terminal deoxynu-
cleotidyl transferase (TdT)-mediated dUTP nick
end labeling (TUNEL) method. The expression
levels of microRNA-150, colia1, colia2, col3 and
a smooth muscle actin (e-SMA) in the border
zone of rat infarct myocardium were detected by
quantitative Real Time-Polymerase Chain Reac-
tion (QRT-PCR) and Western blot, respectively.

RESULTS: MicroRNA-150 expression in the
border zone of infarct myocardium decreased
significantly at day 28 after AMI (p<0.05). Over-
expressing microRNA-150 significantly improved
cardiac function, decreased collagen volume frac-
tion (CVF) and attenuated cardiomyocyte apopto-
sis in rats. Furthermore, the expression levels of
col1ai, col1ia2, col3 and a-SMA in the border zone
of infarct myocardium were remarkably down-reg-
ulated in rats overexpressing microRNA-150 com-
pared with those of controls (p<0.001).

CONCLUSIONS: MicroRNA-150 expression in
the border zone of rat infarct myocardium de-
creased at day 28 after AMI. In addition, the up-
regulation of microRNA-150 in myocardial tissue
could inhibit myocardial fibrosis and improve
ventricular remodeling at post-AMI.
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Introduction

Acute myocardial infarction (AMI) is a con-
dition of acute ischemic necrosis of myocardial
tissues. It is also a common critical emergency in
internal medicine. AMI is the result of secondary
thrombus due to rupture, erosion and endothelial
damage of unstable coronary artery. Acute, per-
sistent and complete occlusion of coronary arter-
ies reduces or even interrupts blood flow, eventu-
ally leading to myocardial ischemia, injury, and
necrosis'?.

Reperfusion therapies, such as thrombolysis,
percutaneous transluminal coronary intervention
(PCI), and coronary artery bypass graft surgery
(CABG) have greatly improved the prognosis of
AMI. However, many patients are still aggravat-
ed by heart failure due to ventricular remodeling
at post-AMI®. Ventricular remodeling (VR) is an
important pathological phenomenon in the pro-
gression of diseases from AMI to heart failure.
It is manifested as hypertrophy and apoptosis of
cardiomyocytes, excessive deposition of extracel-
lular matrix (ECM), angiogenesis and inflamma-
tory response*’. Post-AMI myocardial fibrosis is
a necessary part of VR. The main pathological
changes of VR are ischemia-induced activation
of cardiac fibroblasts (CFs) and the prolifera-
tion of a large number of ECM. This may result
in an excessive deposition of ECM and changes
in collagen composition®. At the initial stage of
AMI, abundant ECM gradually deposits, thereby
leading to increased cardiac contractility. How-
ever, it also forms scars to prevent heart rupture
and improve heart function to some extent. With
the deterioration of AMI, myocardial fibrosis in-
duced by excessive deposition of ECM damages
ventricular diastolic function. Ultimately, this
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can induce malignant arrhythmia and even heart
failure. Therefore, the prevention of excessive
myocardial fibrosis, especially in the late stage of
AMLI, is necessary for AMI intervention’.

MicroRNAss are a class of endogenous, short and
non-coding RNAs with18-22 nucleotides in length.
They are widely present in various organisms®. Due
to the lack of an open reading frame, microRNAs
do not have the ability to encode proteins. How-
ever, they can degrade or inhibit the translation of
target mRNAs by binding to their 3’UTRs. Previ-
ously Gambari et al’ have found that microRNAs
are able to regulate important biological processes,
such as cell proliferation, differentiation, apoptosis,
and development. In recent years, the key roles of
microRNAs in cardiovascular development and
cardiac pathophysiology have been widely elucidat-
ed. Differentially expressed microRNAs have been
identified in congenital heart disease, physiological
or pathological cardiac hypertrophy and heart fail-
ure, showing their potential functions in VR,
For example, microRNA-208a inhibits myocardial
fibrosis and improves cardiac function through reg-
ulating its target gene endoglin®®. MicroRNA-208b
regulates myocardial fibrosis at post-AMI through
transcription factor GATA4". MicroRNA-34a alle-
viates myocardial fibrosis in mice with myocardial
infarction by acting on Smad4'>. MicroRNA-150 has
been found to be closely related to the occurrence
and development of diabetic cardiomyopathy. Mean-
while, it regulates myocardial fibrosis in a diabetic
cardiomyopathy model by affecting the secretion of
collagen type 1 (coll)'®. Deng et al'” have found that
microRNA-150 is downregulated in fibrotic myo-
cardium induced by aortic arch constriction (TAC).
However, upregulation of microRNA-150 expres-
sion in the myocardium markedly improves myocar-
dial fibrosis by preventing the activation, prolifera-
tion, and transformation of cardiac fibroblasts into
myofibroblasts via targeting c-Myb.

In this study, an AMI model was successfully
established in rats. The aim of this work was to
explore the effect of microRNA-150 on regulating
cardiac fibroblasts and VR after AMI. Our find-
ings might provide a novel direction for the pre-
vention and treatment of VR at post-AMI.

Materials and Methods

Experimental Animals

Sixty healthy male Sprague-Dawley rats weigh-
ing 200-250 g were housed in a standard environ-
ment, with temperature of 20+£2°C, relative humid-
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ity of 60-70%, and light/dark cycle for 12 h. All rats
were randomly divided into three groups, sham
group, negative control group (NC group, trans-
fected with NC lentivirus), and microRNA-150
group (transfected with lentivirus overexpressing
microRNA-150). Each group had 20 rats. This in-
vestigation was approved by the Animal Ethics
Committee of Jinan Central Hospital Affiliated to
Shandong University Animal Center.

Establishment of AMI Model
in Rats

Rats were first anesthetized by intraperitoneal
injection of 10% chloral hydrate (3 mL/kg). Af-
ter fixation on the operating platform at a supine
position, a longitudinal incision was made to ex-
pose the heart. Left anterior descending coronary
artery (LAD) ligation was performed between the
left atrial appendage and the pulmonary artery.
Pale left ventricular wall, decreased ventricular
wall motion and elevated ST-segment indicated
the successful establishment of AMI model in rats.
Rats in sham group were sutured in the same part,
without LAD ligation. Subsequently, the rats were
observed for about 20 min, and 1x107 TU lentivirus
was injected 2 mm around the infarct myocardi-
um per rat. The thoracic cavity was sutured layer
by layer. Finally, the chest skin wound was applied
with sodium penicillin powder after procedures.

After the procedures, rats were intraperitone-
ally injected with penicillin 100,000 units/day for
three consecutive days to prevent infection.

Echocardiography in Rats

On the 28" day after LAD ligation, the rats were
intraperitoneally injected with 4% of chloral hydrate
(0.65 mL/kg). After the righting response disap-
peared, rat incisors and limbs were fixed in a supine
position. M-mode echocardiograph was performed
using a small-animal ultrasound probe (model Vevo
2100) on the long axis of the left ventricle. Left ven-
tricular end-systolic dimension (LVESD), left ven-
tricular end-diastolic dimension (LVEDD), left ven-
tricular ejection fraction (LVEF) and left ventricular
fractional shortening (LVFS) were recorded.

Sample Collection

After echocardiography was performed, the
rats were sacrificed. The border zone of myocar-
dial infarction was harvested. After washing with
pre-cooled saline solution, part of the myocardial
tissues was preserved at —80°C for use. Mean-
while, the rest of tissues was fixed in 4% of para-
formaldehyde for pathological examination.
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Terminal Deoxynucleotidyl
Transferase (TdT)-Mediated dUTP
Nick End Labeling (TUNEL)

Myocardial tissues were first dehydrated and
embedded. Then, the sections were routinely de-
waxed, washed, hydrated and fixed strictly in accor-
dance with TUNEL apoptosis kit (Sigma-Aldrich,
St. Louis, MO, USA). Five fields were randomly se-
lected for each sample. The apoptosis of cells was
observed, and at least 100 cells were counted in each
field (magnification 400x). Al = number of apoptotic
cells / total number of cells x 100%.

Myocardial Histopathological Staining
Myocardial tissue in the infarct border zone
was first fixed in 4% of paraformaldehyde for 24
h, embedded in paraffin and sectioned. After de-
waxing and hydration, the sections were stained
with hematoxylin-eosin. For Masson trichrome,
the sections were stained with Weigert’s iron he-
matoxylin working solution, and color separated
in 5% of hydrochloric acid solution. After that,
the sections were further stained with 0.5% of
Biebrich scarlet-acid fuchsin solution for 10-20
s. Subsequently, the sections were dehydrated,
cleared in xylene and mounted. Cardiomyocytes
were stained red, whereas collagen fibers were
stained blue with a cord-like structure. Collagen
fibers were distributed in the intercellular space.
Finally, collagen volume fraction (CVF) was cal-
culated using the Image-Pro Plus software.

Western Blot

Radioimmunoprecipitation  assay  (RIPA)
protein lysate (Beyotime, Shanghai, China) was
used to extract the total protein in tissues of each
group of tissues. The concentration of extracted
protein was determined by the bicinchoninic acid
(BCA). Protein samples were electrophoresed on
polyacrylamide gels and transferred onto polyvi-
nylidene difluoride (PVDF) membranes (Merck
Millipore, Billerica, MA, USA). After blocking
with 5% of skimmed milk, the membranes were
incubated with primary antibody (Cell Signaling
Technology, Danvers, MA, USA) at 4°C over-
night. On the next day, the membranes were in-
cubated with corresponding secondary antibody
after rinsing with Tris-Buffered Saline and Tween
20 solution (TBST). Enhanced chemilumines-
cence (ECL) was used to expose protein bands on
the membrane. Integral optical density was ana-
lyzed by the gel imaging analysis system. Glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH)
was used as an internal reference.

Quantitative Real Time-Polymerase
Chain Reaction (qRT-PCR)

Total RNA in myocardial tissues or cells were
extracted using TRIzol (Invitrogen, Carlsbad,
CA, USA). After reverse transcription into com-
plementary deoxyribose nucleic acid (¢cDNA),
qRT-PCR was performed to amplify target genes.
The mRNA expression levels of microRNA-150,
collal, colla2, col3 and o smooth muscle actin
(a-SMA) were calculated. QRT-PCR reaction
conditions were as follows: 94°C for 30 s, 55°C
for 30 s and 72°C for 90 s, for a total of 40 cycles.
The relative expression level of target genes was
expressed by the 2-24¢t method. Primer sequenc-
es used in this study were as follows: microR-
NA-150, F: 5>-GCCTAATTATCCGGACTG-3’,
R: 5>-GATTGTGTCGTGGCCCG-3’; collal, F:
5’-AGCACCGCATTTGAACAA-3’, R: 5-GC-
GTGCCAATAGCTTCAGTTCT-3’; colla2,
F: 5-GTGAATGATAGTGAGGAC-3’, R:
5> TGAACGATTTGCCACACAA-3’; col3, F:
5’-CGCTGCAGCTGGAGAGTGC-3’,R:5’-TGT-
GCTCTGCTGAGAGGTGGA-3’; a-SMA,
F:  5-ACGGATGCACGCTGTACGAT-3’, R:
5’-CGTCTTTCAACCGCAGGAGCA-3’; p-ac-
tin: F: 5-CCTGGCACCCAGCACAAT-3’, R:
5’-GCTGATCCACATCTGCTGGAA-3".

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 17.0 statistical software (SPSS Inc., Chi-
cago, IL, USA) was used for all statistical anal-
ysis. Quantitative data were represented as mean
+ standard deviation (x=+s). Categorical data and
measurement data were analyzed by Chi-square
test and #-test, respectively. p<0.05 was consid-
ered statistically significant.

Results

Heart Function of AMI Rats

M-mode ultrasound showed normal systolic myo-
cardial contractility in rats of sham group (Figure 1A-
a). Compared with sham group, the myocardial con-
tractile function of the left ventricular anterior wall in
rats of NC group and microRNA-150 group was sig-
nificantly worse. However, anterior wall myocardial
contractility was stronger in microRNA-150 group
than NC group (Figure 1A-bc). LVEF and LVES de-
creased remarkably in NC and microRNA-150 group
relative to sham group. Moreover, LVEF and LVFS in
microRNA-150 group were significantly higher than
NC group (p<0.05, Figure 1A-de).
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Figure 1. A, Heart function of AMI rats. a, M-mode ultrasound in rats of sham group. b, M-mode ultrasound in rats of NC
group. ¢, M-mode ultrasound in rats of miR-150 group. d, LVEF in rats of sham group, NC group and miR-150 group. e, LVFS
in rats of sham group, NC group and miR-150 group. B, Cardiomyocyte apoptosis in the border zone of infarct myocardium
(Magnification: 400x). a, Apoptosis of rat cardiomyocytes in sham group. b, Apoptosis of rat cardiomyocytes in NC group. c,
Apoptosis of rat cardiomyocytes in miR-150 group. d, Comparison of apoptotic index among sham group, NC group and miR-
150 group. *p<0.05 vs. sham group, “p<0.05 vs. NC group.

Cardiomyocyte Apoptosis in the Border
Zone of Infarct Myocardium

Only a few apoptotic cells were observed in
myocardial tissues of rats in sham group. The
number of apoptotic cardiomyocytes increased
significantly in NC group. Meanwhile, less apop-
totic cardiomyocytes were observed in microR-
NA-150 group when compared with NC group
(Figure 1B-abc).

Myocardial Histopathological
Staining of AMI Rats

HE staining images revealed an orderly ar-
rangement of cardiomyocytes with similar nu-
clear size (Figure 2A-a). Disordered cardiomyo-
cytes, abnormal nucleus aggregation and uneven
size and shape of the nucleus were significantly
pronounced in NC group (Figure 2A-b). However,
microRNA-150 group showed a small number of
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Figure 2. Myocardial histopathological staining of AMI rats (Magnification: 400x). A, a, Morphology of rat cardiomyocytes
in sham group. b, Morphology of rat cardiomyocytes in NC group. ¢, Morphology of rat cardiomyocytes in miR-150 group. B,
a, Cardiac fibrosis in rats of sham group. b, Cardiac fibrosis in rats of NC group. ¢, Cardiac fibrosis in rats of miR-150 group. d,
CVF in rats of sham group, NC group and miR-150 group. *p<0.05 vs. sham group, “p<0.05 vs. NC group.
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Figure 3. Protein levels of
myocardial fibrosis-relat-
ed genes in the border zone
of infarct myocardium. A,
Western blot analyses of
collal and colla2 in sham
group, NC group and miR-
150 group. B, Protein levels
of collal and colla2 in sham
group, NC group and miR-
150 group. C, Western blot
analyses of col3 and a-SMA
in sham group, NC group and
miR-150 group. D, Protein
levels of col3 and a-SMA in
sham group, NC group and
miR-150 group. *p<0.05 vs.
sham group, #p<0.05 vs. NC
group.
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disordered cardiomyocytes with basically similar
nucleus size and morphology (Figure 2A-c).

Masson trichrome images showed that sham
group and NC group presented the least and most
blue collagens, respectively (Figure 2B-abc).
CVF was calculated by image analysis software
after Masson trichrome. The results indicated that
CVF was the highest in NC group and lowest in
sham group (p<0.05, Figure 2B-d).

The Protein Levels of Myocardial
Fibrosis Related Genes in the Border
Zone of Infarct Myocardium

Compared with sham group, the protein levels
of collal, colla2, col3, and a-SMA in the border
zone of rat infarct myocardium increased signifi-
cantly in microRNA-150 group and NC group
(p<0.05). However, the protein expressions of
these indicators were significantly down-regulat-
ed in microRNA-150 group relative to NC group
(p<0.05, Figure 3A-3D).

The mRNA Levels of Myocardial
Fibrosis-Related Genes in the Border
Zone of Infarct Myocardium

The mRNA expression level of microRNA-150
was markedly up-regulated in microRNA-150
group, confirming successful administration of

lentivirus overexpressing microRNA-150 (Figure
4A). The mRNA levels of collal, col3, and a-SMA
in the border zone of rat infarct myocardium were
remarkably higher in microRNA-150 group and
NC group than sham group (p<0.05). In particular,
the mRNA levels of these indicators were remark-
ably lower in microRNA-150 group compared with
NC group (p<0.05, Figure 4B-4D).

Discussion

A series of compensatory mechanisms can be
activated after AMI, involving cardiomyocytes,
cardiac fibroblasts, ECM, etc. Lack of proper in-
tervention and treatment for AMI lead to poor
VR and even progress to heart failure'®. The pro-
gression of heart failure is closely related to myo-
cardial pathological processes, including poor
VR, cardiomyocyte hypertrophy, apoptosis, and
myocardial fibrosis'®?. In ischemic heart disease,
fibrosis in non-infarcted myocardium is a major
determinant of progressive VR?'.

The main feature of myocardial fibrosis is the
excessive accumulation of ECM such as collagen
fibers. Itis also the advanced pathological manifes-
tation of various cardiovascular diseases, includ-
ing AMI, hypertension, diabetic cardiomyopathy



H.-B. Tian, S.-H. Li, K.-Q. Hu, Y.-S. Zan, X.-L. Zhang, G.-H. Su

Figure 4. The mRNA lev-
3 4 5 els of myocardial fibrosis-re-
T * lated genes in the border
6 £ 4 zone of infarct myocardi-
o <ZC um. A, The mRNA level of
b ~ 3 st miR-150 in sham group, NC
pé 4 = - group and miR-150 group. B,
g 2 2 The mRNA level of collal
2 °1 == in sham group, NC group
ﬁl * and miR-150 group. C, The
A 0 "Sham  NC  miR-150 . O Sham  NC  miR-150 rg‘f;f:)‘:“ Il\}”(vje;’;flflz;g sham
150 group. D, The mRNA
level of o-SMA in sham
group, NC group and miR-
5 35 150 group. *p<0.05 vs. sham
3.0 * group, p<0.05 vs. NC group.
<Zt ! L <ZC2.5
T3 b E20 +#
52 = <2t1.5 - -
3 == x 1.0 +
S 3
0.5
c O "Sham  NC  miR-150 DO Sham  NC  miR-150

and pulmonary hypertension®?. Typically, cardiac
fibroblasts are activated, proliferated and trans-
formed into myofibroblasts expressing a-SMA.
This may further synthesize and secrete a large
number of ECM?*?. The cardiac extracellular
matrix is composed of a variety of structural, ma-
tricellular and adhesion proteins synthesized and
secreted by cells. It not only provides a structural
framework for cardiomyocytes, but also inhibits
the transmission of electrocardiographic activi-
ty by regulating various bio-signal molecules®.
Among them, collagen type 1 (colal) and cola3
are two main structural proteins of ECM. a-SMA
is a typical marker for the transformation of car-
diac fibroblasts into myofibroblasts®*®. Therefore,
collal, colla2, col3, and a-SMA are commonly
used as measurement indicators for evaluating the
severity of myocardial fibrosis.

MicroRNAs are non-coding RNAs without
protein-encoding functions. They can regulate
gene expression through binding to target mR-
NAs, thereby participating in various biological
progresses”. In recent years, some certain mi-
croRNAs have been confirmed to participate in
the fibrosis process by inhibiting synthesis and
deposition of ECM, as well as regulating fibro-
sis-related pathways. These microRNAs are wide-
ly involved in hypertension, myocardial ischemia,
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myocardial ischemia, and other cardiovascular
diseases®®?". MicroRNA-150 contains approxi-
mately 22 nucleotides in length. Meanwhile, it is
abundantly expressed in lymphocytes and mono-
cytes. Previous studies®* have reported that
microRNA-150 is associated with tumors, sys-
temic scleroderma, tissue and organ fibrosis, and
pulmonary hypertension. Recently, the relation
between microRNA-150 and AMI has attracted
increasingly more attention. MicroRNA-150 is
abnormally expressed in myocardial infarction
models, which can be used as an early diagnostic
biomarker and prognostic indicator for AMI**,
In this study, we found that miRNA-150 was
downregulated in the border zone of infarct myo-
cardium at day 28 after AMI. This was consistent
with the results of Zeller et al**¥’. After the inflam-
matory phase of AMI, fibroblasts proliferate and ac-
tivate into myofibroblasts, thereby synthesizing and
secreting a large number of ECM. In this research,
we examined myocardial tissues of rats at day 28
after AMI, when tissue hyperplasia and scar forma-
tion were pronounced. During this period, inflam-
matory cells such as monocytes were not markedly
infiltrated. Meanwhile, the expression of microR-
NA-150 decreased significantly. Notably, echocar-
diography and histopathological staining indicated
significantly improved heart function of AMI rats
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overexpressing microRNA-150. Overexpression of
microRNA-150 could prevent myocardial fibrosis
after AMI, and downregulate the expressions of
collal, colla2, col3, a-SMA in the border zone of
infarct myocardium. These findings suggested that
microRNA-150 overexpression in the border zone of
infarct myocardium protected the myocardial injury
and improved VR. Our results provided new direc-
tions for gene therapy of AMI.

In summary, microRNA-150 can inhibit myo-
cardial fibrosis and improve ventricular remodel-
ing after AMI, which brings hope for improving
the clinical outcomes of AMI.

Conclusions

MicroRNA-150 expression in the border zone
of rat infarct myocardium decreased at 28 days
after AMI. Furthermore, upregulation of microR-
NA-150 expression in myocardial tissue could in-
hibit myocardial fibrosis and improve ventricular
remodeling at post-AMI.
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