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ARTICLE INFO ABSTRACT

Keywords: MicroRNAs plays important role in the development of myocardial infarction (MI). The aim of this study was to
miR-429 analyze whether miR-429 has effect on the process of autophagy in myocardial anoxia/reoxygenation (AR) or
MO25 ischemia/reperfusion (IR) injury and explore the underlying mechanism. The results showed that miR-429 was

Cardiomyocytes significantly decreased in MI mouse hearts and AR treated cardiomyocytes. Dual luciferase activity assay proved
rﬁisﬁgl/ AMPK that MO25 was the direct target of miR-429. MO25 was dramatically decreased in AR treated cardiomyocytes.

Overexpression of miR-429 dramatically decreased the expression of MO25, whereas inhibition of miR-429
noticeably increased the expression of MO25. In addition, overexpression of miR-429 reduced GFP-LC3B labelled
cells, decreased the number of vesicle and autophagosome in each cardiomyocyte, and induced cell apoptosis in
AR treated cardiomyocytes. In contrast, inhibition of miR-429 had the opposite effect. The further in vivo study
showed that when mouse in IR group were injected with antagomiR-429, the weight of left ventricular was
increased and infarct size was significantly decreased. Finally, both the in vitro and in vivo study showed that the
expression of MO25, LKB1, pAMPKa, ATG13, p62 and LC3BI/II was noticeably increased by antagomiR-429. In
conclusion, our results suggested that antagonism of miR-429 ameliorates anoxia/reoxygenation injury in car-

diomyocytes by enhancing MO25/LKB1/AMPK mediated autophagy.

1. Introduction

Myocardial infarction (MI) is a major cause of death and disability
worldwide in patients with coronary heart disease [1]. MI represents an
enormous clinical challenge as loss of myocardium [2]. Although much
advances has been achieved in the diagnosis, treatment, and prognosis
of MI, MI is still reported to be a single largest cause of death in the
United states, responsible for 1 out of every 6 deaths [3]; and it is es-
timate that 16 million people will suffer acute MI in 2020 and 23
million in 2030 in China [4]. Therefore, an early detection and correct
diagnosis of MI are urgent to seek to prevent the progressive develop-
ment of MI, and reduce the mortality rate in patients.

It is reported that anoxia/reoxygenation (AR) injury is involved in
the progression of MI, and can induce the altered expression of miRNAs
(miRNAs) [5]. MiRNAs are a class of non-coding single stranded small
RNA consisting of 21-23nucleotides, are negative regulators of gene
expression by binding to 3’UTR of mRNA [6]. MiRNAs act as essential
modulators in various biological processes, such as cell proliferation
[71, apoptosis [8], angiogenesis [9], autophagy [10], et al. Mounting
evidences show that miRNAs also play an important role in the

progression of MI, such as miR-221-3p [11], miR-181a [12], miR-103a
[13], et al. Previous study showed that down-regulation of miR-429
protected cardiomyocytes against hypoxia-induced apoptosis [14],
whereas the effect miR-429 on the progression of autophagy in MI still
remains unknown. So, this study aims to analyze whether miR-429 has
effect on the process of autophagy in MI and explore the underlying
mechanism.

2. Materials and methods
2.1. The mouse model of ischemia/reperfusion (IR) injury

C57BL/6 mice (20-25g, 10weeks) were obtained from
BetterBiotechnology Co., Ltd. (Nanjing, China). All animal studies were
conducted accordance with the institutional Guideline for Animal
Research and the Guide for the Care and use of Laboratory Animals
published by the National Institutes of Health (NIH Publication, 8th
Edition, 2011). First, the mice were anesthetized by intraperitoneal
injection with xylazine (5 mg/kg) and ketamine (100 mg/kg). Then, the
left coronary artery (LCA) permanent ligation for 45 min, and the next
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24 h of reperfusion was conducted according to previous study de-
scribed [15]. Myocardial blanching and continuous electro-
cardiography monitoring showing ST segment elevation was used to
confirm ischemia. Finally, the mice were euthanasia. To investigate the
effect of miR-429 on the mice model of IR, antagomiR-429 or the
control antagomiR was injected into the left ventricular free wall using
a syringe with a 30-gauge needle before IR model was build. After the
treatment, the weight of left ventricular was measured. The infarct size
was measured by TTC staining.

2.2. Primary cardiomyocytes culture and anoxia/reoxygenation treatment

The Sprague-Dawley neonatal rats (2-day old) were obtained from
Better Biotechnology Co., Ltd. (Nanjing, China). The cardiomyocytes
were isolated from neonatal rat hearts and cultured in DEME supple-
mented with 20% FBS according to previous study described [16]. To
establish AR injury model, cardiomyocytes were subjected to hypoxia
(94% N, 5% CO,, 1% O,) for 3, 6 and 12h. After anoxia, cardio-
myocytes were exposed for 2h of reoxygenation under normal condi-
tion. The control group cells were maintained at normoxia for the same
duration.

2.3. Transfection

MiR-429 mimic, antagomiR-429 and the corresponding controls
were obtained from GenePharma (Shanghai, China). Before cardio-
myocytes were under the treatment of AR, the cells were transfected
with miR-429 mimic, antagomiR-429 and the corresponding controls
using Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, USA).

2.4. Real time PCR

After the mouse model of MI were successfully build for 1 d, 1 week,
2 weeks and 4 weeks, or the AR injury model were successfully build at
different time, the total RNA of heart tissues or cells were isolated using
TRIzol® Reagent (Thermo Fisher Scientific, Waltham, MA). The first
strand DNA was synthesized using the PrimeScript RT reagent kit
(TakaRa, Dalian, China). The Real-time PCR was performed according
to the instruction of SYBR Premix Ex Taq II (TaKaRa) kit. The reaction
was run in ABI7500 Real-time PCR system (Applied Biosystems,
Carlsbad, CA). The reaction program was as follows: 95 °C for 5 min for
initial degeneration, and followed by 40 cycles at 95 °C for 10s and
60 °C for 34s. All primers used in this study were synthesized from
Sangon Biotech (Shanghai, China). The relative expression of gene were
quantified with 27 AACT method.

2.5. Western blot

The heart tissues or cardiomyocytes were lysed using RIPA lysis
buffer (Thermo Fisher) and the protein concentration was measured
using BCA Protein Kit (Thermo Fisher). The protein (20 ug) was sepa-
rated on 10% SDS-PAGE and then transferred to polyvinylidene fluoride
(PVDF) membranes. The blots were probed with rabbit anti-p62
(Abcam, Cambridge, UK; 1: 500 dilution), rabbit anti-LC3B (Abcam, 1:
2000 dilution), rabbit anti-MO25 (Abcam, 1: 20000 dilution), rabbit
anti-LKB1 (Abcam,1: 1000 dilution), rabbit anti-pAMPKa (Cell
Signalling Technology, Beverly, MA, USA), rabbit anti-ATG13 (Abcam,
1: 1000 dilution) for overnight at 4 °C. The blots were incubated with
horse radish peroxide-conjugated secondary antibody. The imaging was
performed with Enhanced Chemiluminescent Kit User Manual ac-
cording to the instruction. Finally, the proteins were visualized with an
Anmobilon Western Chemiluminescent HRP Substrate system
(Millipore Corp., Billerica, MA, USA).
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2.6. Dual luciferase activity assay

HEK 293 cells were co-transfected with miR-429 mimic and p-MIR-
report plasmid (Ambion, Austin, TX, USA) containing the wide type of
3’-UTR of MO25, or co-transfected with miR-324-5p mimic and p-MIR-
report plasmid (Ambion, Austin, TX, USA) containing the mutant type
of 3’-UTR of MO25, or transfected with mimic control and p-MIR-report
plasmid (Ambion, Austin, TX, USA) containing the 3’-UTR of MO25.
The control group was transfect with only p-MIR-report plasmid.
Luciferase activity was measured using a dual-luciferase reporter assay
system (Promega, WI, USA) after 48 h of transfection.

2.7. GFP-LC3B puncta

Adenoviral GFP-LC3B was purchased from ThermoFisher.
Adenoviral GFP-LC3B was used to detect autophagosome formation in
cardiomyocytes that transfected with miR-429 mimic, antagomiR-429
or their relative control, and exposed to A6h/R2h. Cells were fixed and
imaged for autophagic puncta detection using a Nikon TE300 fluores-
cence microscope. Images were deconvolved using Autodeblur
Software and formatted with ImageJ. Once the number of autophagic
puncta reached 20, the cells were regarded as positive for autophagy.

2.8. Electron microscopic examination

The number of vesicle and autophagosome in each cardiomyocytes
was examined by electron microscopic.

2.9. TUNEL assay

Cell apoptosis was measured by TUNEL staining. The cells cultured
on coverslips in 6-well plates were fixed in 4% paraformaldehyde. The
TUNEL staining was performed using the in situ cell death detection kit
(Minneapolis, MN, USA) according to the instruction. The number of
TUNEL-positive cells and the total cells were counted under a fluores-
cence microscope.

2.10. Echocardiography

For echocardiography analysis, mice chests were shaved and al-
lowed to rest by at least 1 h before echocardiography, which was per-
formed on conscious mice to avoid any cardio depression produced by
anesthesia. Mice were ascertained using the M mode short axis view,
measuring systolic and diastolic cardiac dimensions by using the BL-
420S Biology Function Laboratory System (Techman Soft, Chengdu,
China).

2.11. Statistical analysis

All the data were analyzed using SPSS 19.0 software. Data were
presented in the form of mean * standard deviation (SD). The in-
dependent student's t-test was applied to compare the quantitative
parameters between two groups. Analysis of Variance (ANOVA) was
used to compare several groups. A value of P < 0.05 was considered of
significance.

3. Results

3.1. MiR-429 was significantly down-regulated in IR mouse and AR treated-
cardiomyocytes

In order to analyze the effect of miR-429 on the process of autop-
hagy in MI, we first measured the expression of miR-429 in mice model
of ML The results of Real-time PCR showed that the miR-429 was sig-
nificantly down-regulated in mouse model of MI from week 1 to the end
of week 4 (Fig. 1A, P < 0.05) compared with sham group. Further, we
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Fig. 1. MiR-429 was significantly down-regulated in IR mouse and anoxia/reoxygenation cells. A. After the IR mouse model was successfully build for1d, 1 w, 2w
and 4 w, the heart tissues were isolated and the expression of miR-429 was measured by Real-time PCR. B. The expression of p62, LC3BI/II of heart tissues was
measured by Western blot. C. After the cardiomyocytes were treated with anoxia for 3, 6 and 12 h, followed by 2 h reoxygenation, the expression of miR-429 was
measured by Real-time PCR. D. B. The expression of p62, LC3BI/II in cardiomyocytes was measured by Western blot. *P < 0.05 vs Sham or 0/0; *P < 0.05 vs MI
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also found that the expression of p62 and LC3B-I/II was dramatically
increased in 2 and 4 weeks of MI mouse (Fig. 1B, P < 0.05). In addition,
when the cultured neonatal rat cardiomyocytes were exposed to dif-
ferent time of anoxia, the expression of miR-429 was noticeably de-
creased (Fig. 1C, P < 0.05), and the expression of p62 and LC3BI/II was
dramatically increased (Fig. 1D, P < 0.05). As an identified regulator of
autophagy, the expression of MO25 was also significantly upregulated
in IR mice and A/R treated cardiomyocytes (Fig. 1B and D, P < 0.05).
These results may suggest that miR-429 was associated with autophagy.

3.2. MO25 was the direct target gene of miR-429

The TargetScan 7.0 software showed that MO25 was the target of
mmu-miR-429: MO25 was conserved in various mammals (including
rat, chimp, rhesus, mouse, et al.) with the target sequence of CAGUAUU
(Fig. 2A). Next, the dual luciferase activity assay was conducted to
further confirm the relationship between miR-429 and MO25. The wild
and mutant type of MO25 sequences were shown as Fig. 2B. The results
of dual luciferase activity assay showed that when cells were co-
transfected with miR-429 mimic and MO25-WT, the luciferase activity
was dramatically decreased (Fig. 2C, P < 0.05). Moreover, we eval-
uated the possibility that p62 and/or LC3B were also targets genes of
miR-429. Our data showed that there were no potential targeting sites
of miR-429 on 3’UTRs of p62 nor LC3B (Fig. S1A and B), and the lu-
ciferase reporter assay also showed that miR-429 mimic could not de-
creased the luciferase activity of psi-p62 nor psi-LC3B (Fig. S1C), in-
dicating that p62 and LC3B were not target genes of miR-429. Finally,
we analyzed the effect of miR-429 on the expression of MO25. The
results showed that when the cultured neonatal rat cardiomyocytes
were transfected with miR-429 mimic, the expression of miR-429 was
significantly increased, and antagomiR-429 dramatically reduced miR-
429 expression (Fig. 2D, P < 0.05). Furthermore, with or without the
treatment of AR, when miR-429 mimic was transfected into the cells,
the expression of MO25 was dramatically decreased, and antagomiR-
429 increased the MO25 expression (Fig. 2E).

3.3. AntagomiR-429 enhanced autophagy and suppressed apoptosis in
cardiomyocytes, and miR-429 mimic showed the opposite effects

The further study was performed to analyze whether miR-429
played a role in autophagy. The results showed that antagomiR-429
significantly increased the percentage of GFP-LC3B labelled cardio-
myocytes, increased the number of autophagy vesicles and autopha-
gosomes both under normal condition and AR treatment (Fig. 3A, B, C;
P < 0.05). AntagomiR-429 dramatically decreased the cell apoptosis
(Fig. 3D, P < 0.05). Whereas miR-429 mimic only noticeably decreased
the percentage of GFP-LC3B labelled cardiomyocytes, reduced the
number of autophagy vesicles and autophagosomes in the condition of
AR treatment (Fig. 3A-C; P < 0.05). Furthermore, miR-429 mimic
significantly increased the cell apoptosis both in the condition of
normal and AR treatment (Fig. 3D, P < 0.05). Western blotting showed
that the expression of MO25, LKB1, ATG13, p62 LC3B-II/LC3B-I and
activation of AMPKa (manifested by the proportion of pAMPKa/
AMPKa), was suppressed dramatically by miR-429 mimic; whereas they
were noticeably up-regulated by antagomiR-429 (Fig. 3E, P < 0.05).
These results indicated that inhibition of miR-429 enhanced the au-
tophagy and suppressed apoptosis.

3.4. Inhibition of MO25 expression by MO25-siRNA transfection rescued
the effect of antagomiR-429 on autophagy and apoptosis in A/R-treated
cardiomyocytes

Furthermore, to confirm that MO25 mediated the effect of miR-429
on cardiomyocyte autophagy, a specific siRNA against MO25 was ap-
plied in cell transfection experiments under A/R condition. The results
showed that MO25 siRNA decreased the percentage of GFP-LC3B
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labelled cardiomyocytes, reduced the number of autophagy vesicles and
autophagosomes, and promoted cell apoptosis, which displayed an
opposite effect to that of antagomir-429 (Fig. 4A-D). In consistent with
the changes in cell behaviors, MO25 siRNA inhibited the expression of
MO25, LKB1 and the autophagy marker genes, and suppressed activa-
tion of AMPKa (Fig. 4E). Moreover, MO25 siRNA rescued the effect of
antagomiR-429 on autophagy, apoptosis and gene expression in A/R-
treated cardiomyocytes (Fig. 4A-E).

3.5. Inhibition of miR-429 reduced myocardial infarct size in mouse

Finally, to verify the effect of miR-429 on IR injury in vivo, the
antagomiR-429 was injected into the left ventricular myocardium of
mouse. The results showed that when the mouse in sham group or I/R
group were injected with antagomiR-429, the expression of antagomiR-
429 was dramatically down-regulated compared with control anta
group (Fig. 5A). In addition, antagomiR-429 significantly increased the
weight of left ventricular (LVw) and the ratio of LVw/body weight
(BW), and reduced the infarct size (Fig. 5B-D; P < 0.05). Echo-
cardiography analysis showed that antagomiR-429 improved the max-
imum rate of increase of left ventricular pressure (+ dp/dt max) and left
ventricular end-diastolic pressure (LVEDP) in I/R mice (Fig. 5E and F),
suggesting that inhibition of miR-429 might improve the systolic
function and the diastolic function of left ventricle. Furthermore, we
also found that antagomiR-429 significantly increased the expression of
MO25, LKB1 and the autophagy marker genes and activation of AMPKa
(Fig. 5G, P < 0.05). These results indicate that antagomiR-429 played a
protect role in IR mice.

4. Discussion

Increasing studies have proved that miRNAs play a vital role in the
progression of MI. For example, miR-199b-5p participated in post-in-
fract remodeling by simultaneous regulation of Dyrkla, notch 1 re-
ceptor and its ligand jaggedl [17]; miR-208b and miR-34a was re-
ported to be dramatically up-regulated in patients with remodeling and
associated with increased risk of mortality or heart failure [18]. Our
results proved that miR-429 was significantly down-regulated in IR
mouse and AR treated cells. It is interesting that this result is contra-
dictory to the reports by other groups, which showed increased miR-
429 after hypoxia exposure in culture cardiomyocytes and endothelial
cells. After retrieving and reading the literature on miR-429, we found
it is very interesting that, in the same tissue subjected to adverse stimuli
(including hypoxia, drugs and radiation), miR-429 unexpectedly dis-
played showed different expression patterns or functioned differently.
For example, in brain damaged by hypoxia-ischemia, miR-429 was
downregulated, negatively regulated apoptosis and protected brain
neurons against hypoxic-ischemic damage [19], while, in AB-induced
brain damage, miR-429 was upregulated, promoted apoptosis and
contributed to AB-induced damage of brain neurons [20]. Another ex-
ample is that, in angiotensin II-induced injury of kidney, miR-429 was
downregulated and contributed to renal fibrosis [21], whereas, in acute
injured kidney, miR-429 also promoted renal fibrosis, but its expression
was upregulated [22]. Moreover, it was indeed that miR-429 expression
was shown to be upregulated by hypoxia in cardiomyocytes and vas-
cular endothelial cells, but a previous study showed that miR-429 ex-
pression was significantly upregulated by aerobic exercise training
[23]. Therefore, it is really hard to determine the expression pattern
and function of miR-429 during a relatively short or static process.

Autophagy is a lysosomal degradation pathway that is essential for
survival, differentiation, development, and homeostasis [24]. Autop-
hagy was considered as a vital regulator of IR injury and played an
important role in the heart during ischemia and reperfusion [25]. It is
reported that the up-regulation of autophagy in the failing hearts pro-
tected cardiomyocytes from pressure overload. Our results showed that
antagomiR-429 significantly increased the number of GFP-LC3B
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measured by Western blotting. *P < 0.05.

labelled cells, increased the number of vesicle and autophagosome, and
decreased the cell apoptosis both under the normal and AR condition.
Furthermore, antagomiR-429 reduced myocardial infarct size in I/R
mice. In conclusion, these may indicate that antagomiR-429 amelio-
rates AR injury in cardiomyocytes by enhancing autophagy.
Adenosine monophosphate-activated protein kinase (AMPK) acted
as a principal intracellular energy sensor and involved in the induction
of autophagy [26]. Previous study also proved that AMPK mediated
autophagy during myocardial ischemia in vivo [27]. Furthermore, the
activity of AMPK was regulated by upstream LKB1 at Thr-172 (a sub-
unit) phosphorylation. As a member of LKB1 complex, MO25 was re-
quired for full LKB1 activity [28]. In the present study, our results

showed that MO25 was the direct target gene of miR-429. Inhibition of
miR-429 expression dramatically increased the expression of MO25.
When the primary cultured cardiomyocytes were treated with AR, the
expression of MO25, LKB1, pAMPKa, ATG13, p62 and LC3B-I/II were
increased in antagomiR-429 transfection group. Moreover, the in vivo
study also showed that antagomiR-429 dramatically increased the ex-
pression of MO25, LKB1, pAMPKa, ATG13, p62 and LC3B-I/II. These
results confirmed that antagomiR-429 ameliorates AR injury in cardi-
omyocytes by enhancing autophagy through activated the MO25/
LKB1/AMPK pathway.

In conclusion, the presented study proved that antagomiR-429
ameliorates AR injury in cardiomyocytes by enhancing MO25/LKB1/
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number in each cardiomyocyte was determined. C. The number of autophagosomes in each cardiomyocyte was determined by electron microscopy. D. Cell apoptosis
was measured by the TUNEL method. E. The expression of MO25, LKB1, pAMPKa, AMPKa, ATG13, p62 and LC3BI/II was measured by Western blotting. *P < 0.05

vs ctrl anta group.
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Fig. 5. Inhibition of miR-429 reduced myocardial infarct size in mice. Sham treated mice or I/R mice were administrated with Ctrl-antagomir or antagomiR-429. At
the end of week 4, A. the expression of miR-429 was measured by Real-time PCR. B. The weight of left ventricle was measured. C. The proportion of weight of left
ventricle occupied in body weight was calculated. D. The infarct size was measured by TTC staining and expressed as percentage of total left ventricular. The values of
(E) + dp/dt max and (F) LVEDP were detected with echocardiography analysis by using the BL-420S Biology Function Laboratory System. G. The expression of
MO25, LKB1, pAMPKa, AMPKa, ATG13, p62 and LC3BI/II was measured by Western blotting. *P < 0.05 vs ctrl anta group.

AMPK mediated autophagy. MiR-429 may be a potential novel ther-
apeutic target for myocardial IR injury.

Supplementary data to this article can be found online at https://

doi.org/10.1016/j.1f5.2019.116842.
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