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Abstract

Background: To investigate effects of microRNA (miR)-29a on myocardial

ischemia-reperfusion (I/R) injury and its specific mechanisms.Methods: H9C2

myocardial cells were used to establish myocardial ischemia model by

hypoxia/reoxygenation (H/R), and microRNA-29a inhibitor was interfered. Annexin

V/PI and flow cytometry were used to detect the effects of cell death. C57 mice were

used to establish I/R injury model. HE staining was used to detect the pathological

damage of heart tissues. The expression of miR-29a SIRT1, and NLRP3, as well as

pyroptosis related proteins was determined by RT-qPCR and western blot.Results:

The serum levels of HBDH, LDH, CK, CK-MB, IMA and inflammatory factors in I/R

rats were significantly up-regulated. In the I/R group, the expression of miR-29a was

significantly up-regulated, while SIRT1 was remarkably down-regulated. Dual

luciferase reporter assay showed SIRT1 was a direct target of miR-29a. Inhibition of

miR-29a significantly up-regulated the expression of PGC-1a/Nrf2 and eNOS, while

remarkably down-regulated levels of iNOS and MDA in I/R. The oxidative stress

which was induced by I/R injury was also suppressed by inhibition of miR-29a. While

all above effects by inhibition of miR-29a was reversed by si-SIRT1. In vitro H/R

results showed the NLRP3-caspase-1 mediated pyroptosis was activated in H/R,

however was significantly inhibited by inhibition of miR-29a.Conclusion: Inhibition

of miR-29a improved myocardial I/R injury by targeting SIRT1 through suppressing

oxidative stress and NLRP3 mediated pyroptosis. Keywords: miR-29a; myocardial

ischemia-reperfusion injury; SIRT1; oxidative stress; NLRP3

Significance statement: In this study, we showed for the first time that miR-29a

could improve myocardial I/R injury through inhibition of pyroptosis.
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Introduction

The recovery of blood perfusion after myocardial ischemia results in more

obvious and serious injury than before reperfusion, which leads to the decline of

cardiac function and even endangers life (1). This phenomenon is called myocardial

ischemia-reperfusion injury (2). It has become an important factor affecting the

therapeutic effect of coronary heart disease, especially acute myocardial infarction (3).

Studies have found that myocardial ischemia-reperfusion injury and apoptosis,

oxygen free radical release, intracellular calcium overload, myocardial energy

metabolism disorder, inflammatory response and vascular endothelial cell injury(4, 5).

MiRNA is an endogenous non-coding single chain small molecule RNA

composed of about 22 bases (6). It can negatively regulate target gene expression at

post-transcriptional level by degrading target gene or inhibiting its translation through

complete or incomplete complementary pairing with the 3'non-coding region of target

gene, and down-regulate the expression of corresponding proteins (7, 8). MiRNA is

abundantly expressed in cardiomyocytes and is involved in the process of

cardiomyocyte apoptosis, arrhythmia, cardiac hypertrophy and heart failure (9, 10) .

MiR-29a is an important part of miR-29 family and plays an important role in

organism (11). Some studies have shown that the expression of microRNA-29a is

up-regulated in myocardial ischemia-reperfusion injury, and down-regulated

expression of microRNA-29a can protect the heart from ischemia-reperfusion injury,

but the underlying mechanism is still unclear (12).

Silent information regulator factor 2 related enzyme 1 (SIRT1) is a deacetylase

dependent on Nicotinamide Adenine Dinucleotide (NAD) (13). It plays an important

role in inhibiting apoptosis, alleviating inflammatory reaction, protecting

mitochondrial function and resisting oxidative stress, but the specific mechanism is

still unclear (14). SIRT1 was reported to be involved in development of I/R injury and

could improve ischemic injury in brain (15). However, no studies have focused on

the role of microRNA-29a and SIRT1 in myocardial ischemia-reperfusion injury and

their relationship with oxidative stress and apoptosis.
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Therefore, this study aimed to investigate role of miR-29a/SIRT1 axis in

myocardial I.R injury. This research might give deeper insights for miR-29a in I/R.

Methods and materials

Animals and treatment

A total of 30 C57BL/J6 mice (8 weeks, 20 g-30 g.) were obtained from animal

center of the People’s Hospital of Zhengzhou. All animals were kept in a

light-controlled room under a 12 h/12 h light/dark cycle and controlled temperature

(23-25˚C), and had free access to food and water according to the Guide for the Care

and Use of Laboratory Animals. The research was approved by the Institutional

Animal Care Committee at the People’s Hospital of Zhengzhou.

The left anterior descending (LAD) coronary artery ligation model was used to

establish myocardial I/R model (16). The occlusion was confirmed by balancing of

the LV myocardium below the suture. Mice were subjected to 45 minutes of transitory

ligation followed by 3 h of reperfusion. The control group only received sham

operation using the same procedure, except for the placement of the ligature. After 72

h of the surgery, animals were sacrificed before experiments. The infarction volume

was measured by 2,3,5-triphenyltetrazolium chloride (TTC, Sigma-Aldrich, St. Louis,

MO, USA)-staining and calculated by ImageJ software (Rasband; NIH, USA). HE

staining was used for histological analysis of myocardial tissues.

Cell culture and transfection

H9c2 cardiomyocytes (ATCC, Manassas, VA, USA) were seeded on 96 well

plates and incubated with 10% FBS DMEM medium (Sigma-Aldrich Co, USA) at

37℃, 5% CO2. For establishment of H/R model, the cells were cultured in 2.3% O2,

5% CO2, 92.7% N2 hypoxic environment for 2 hours, and then cultured at 37℃ 5%

CO2 for 4 hours. Then cells were transfected with miR-29a inhibitor or negative
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control (NC), as well as siRNA of SIRT1 (si-SIRT1) or si-NC (all above were

purchased from GeneChem Corp., Shanghai, China) using the lipo6000 reagent

(Beyotime Biotechnology, China) according to the manufacturer’s instruction.

Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)The

expression of miR-29a and SIRT1 was detected by RT-qPCR. RNA was extracted

according to Trizol (Takara) experimental method. The DNA was retrieved by

stem-loop primers. The real-time PCR was performed after the obtained DNA. We

designed a stem-loop reverse transcription primer for MIR-29a:

5'-GTCGTATCCAGTGCAGGGGTCCGAGTATTCGCACTGGATACGACTAACCG

-3', and a reverse transcription primer for U6: 5'-AACGCTTCACGAATTTGCGGT-3',

which was synthesized by GeneChem Corp. Ltd. The PCR reactions were conducted

using ABI 7500 Fast fluorescent quantitative PCR instrument (Applied Biosystems,

USA), SYBR-Green I dye method was used to carry out the experiment. The

upstream and downstream primers of micro RNA miR-29a and internal reference

gene U6 are to be shown in Table 1. Relative RNA levels were calculated by the

2-ΔΔCq method. GAPDH was used as an internal control.

Western Blot

The expression of SIRT1, NLRP3, caspase-1, IL-1beta and the related pathways

of eNOS oxidative stress were detected by Western Blot. The treated cells were

collected, centrifuged and washed with PBS. Protein lysate, protease inhibitor PMSF

and phosphatase inhibitor were added after washing. The cells were placed on ice for

40 minutes and centrifuged for 15 minutes at 4℃ 12000g. The supernatant was added

to the SDS buffer and boiled in boiling water for 5 min to make the protein sample.

After 10% SDS-PAGE electrophoresis, the protein samples were transferred to PVDF

membranes at 300 mA for 90 minutes and sealed with 5% skimmed milk powder at
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room temperature for 2 h. Samples were then incubated with a primary antibody at

4˚C overnight, followed by incubation with a corresponding secondary antibody at

37˚C for 45 min. Films were scanned using Super Signal West Pico

Chemiluminescent Substrate kit (Pierce; Thermo Fisher Scientific, Inc., Waltham, MA,

USA). Relative protein expression was quantified using Image-Pro Plus software

(version 6.0; Media Cybernetics, Inc., Rockville, MD, USA).

Dual luciferase assay

The binding of miR-29a to SIRT1 was detected by double luciferase assay.

Bioinformatic prediction between miR-29a and SIRT1 was obtained from software

targetscan 7.2 (http://www.targetscan.org; Whitehead Institute for Biomedical

Research, Cambridge, MA, USA). Briefly, the wild type (WT) SIRT1 3’-UTR or

mutant (Mut) was amplified and sub-cloned into a pGL4.10 luciferase reporter vector.

Cells were then co-transfected with either the vectors and the miR-29a mimics or NC

using lipo6000 reagent. Luciferase assays were performed 48 h after transfection

using a Bright-Glo™ LuciferaseAssay System (Promega, USA). The luciferase

activity was normalized to values of Renilla luciferase activity.

Detection of cell death

For apoptosis analysis, briefly, cells were stained with Annexin V/PI double

staining kit (BD Biosciences, MA, USA) strictly according to the manufacturer's

introduction. The cell apoptosis was measured by flow cytometry (BD Biosciences).
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Measurement of serum and cell supernatant factor levels Commercial

enzyme-linked immunosorbent assay (ELISA) kits (all purchased from Abcam) were

used to detect the serum and cell supernatant levels of inflammatory factors IL-1, IL-6

and TNF-alpha according to manufacturer’s instruction. Levels of oxidative factors

MDA and SOD were measured using corresponding kits (Nanjing Jiancheng

Bio-Technology Co., Ltd., Nanjing, China). Myocardial enzymes of HBDH, LDH,

CK, CK-MB and IMA were measured using an automatic biochemical analyzer

(Olympus5400, Olympus Ltd. Japan).

Statistical analysis

All data were analyzed by SPSS 22.0 software. The measurement data were all

expressed by mean ± SD. The independent samples t test was used to measure the

data between two groups. Comparison among three or more groups were conducted

using one-way analysis of variance (ANOVA) followed by Tukey post hoc test.

P<0.05 was statistically significant.

Results

Effects of myocardial ischemia reperfusion on myocardial injury, myocardial enzymes

and inflammatory factors

First, we investigated effects of myocardial I/R injury on myocardial enzymes

and inflammatory factors. As shown in Figure 1, the infraction size was significantly

higher in I/R mice (P<0.05). HE staining also showed obvious myocardial injury in

I/R group, suggesting the successful establishment of I/R model. Serum levels of all

myocardial enzymes of HBDH, LDH, CK, CK-MB and IMA were significantly
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elevated in I/R mice (P<0.05). Similar results were also found for inflammatory

factors of IL-1, IL-6 and TNF-alpha, which were also remarkably up-regulated in I/R

mice (P<0.05).

Myocardial I/R up-regulated miR-29a, activated oxidative stress and pyroptosis in

mice myocardial tissues

The expression of miR-29a and SIRT1 was determined in myocardial tissues of

I/R and the control mice. Results showed the expression of miR-29a was significantly

up-regulated in I/R group (P<0.05, Figure 2). Besides, both protein and mRNA levels

of SIRT1 were remarkably down-regulated in I/R mice (P<0.05). For oxidative stress,

levels of eNOS was significantly decreased, while iNOS was dramatically increased

in myocardial tissues of I/R mice (P<0.05). Serum MDA was also elevated, while

SOD was down-regulated in IR mice (P<0.05). The pyroptosis related proteins

NLRP3, caspase-1 and IL-1β were also determined. It was observed that protein

levels of NLRP3, caspase-1 and IL-1β were all significantly up-regulated in I/R mice

(P<0.05). These results indicated that myocardial I/R up-regulated miR-29a,

down-regulated SIRT1, as well as activated oxidative stress and pyroptosis.

miR-29a directly targeted SIRT1 in H9c2 cells

To confirm binding between miR-29a and SIRT1 in H9c2 cells, the dual

luciferase assay was conducted. Results showed the luciferase activity was

significantly lower when cells were transfected with miR-29a mimics in WT-SIRT1

(P<0.05, Figure 3), however no significant was found in MUT-SIRT1. Furthermore,

when transfected with miR-29a mimics, the expression of SIRT1 was significantly

down-regulated, however inhibition of miR-29a remarkably increased SIRT1 level

compared with the NC (P<0.05). All these results demonstrated miR-29a directly
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target and negatively regulated SIRT1. .

Inhibition of miR-29a suppressed H/R-induced oxidative stress in H9c2 cells

Then H/R model was used to simulate in vitro I/R condition. As shown in Figure

4, treatment of H/R significantly up-regulated the expression of miR-29a, however

down-regulated the SIRT1 level (P<0.05). Transfection of miR-29a inhibitor

remarkably down-regulated the expression of miR-29a and up-regulated the

expression of SIRT1, while si-SIRT1 significantly down-regulated the SIRT1 levels

which was elevated by inhibition of miR-29a (P<0.05). The expression of eNOS was

significantly increased in H/R cells, and inhibition of miR-29a significantly inhibited

the eNOS level, which was reversed by inhibition of SIRT1. Opposite results were

observed for iNOS. Meanwhile, levels of MDA were significantly increased, while

SOD was significantly decreased in H/R cells (P<0.05). The inhibition of miR-29a

significantly decreased the MDA level and increased SOD level, however inhibition

of SIRT1 remarkably reversed the effects (P<0.05). All these results suggested

inhibition of miR-29a suppressed oxidative stress in H/R H9c2 cells through

regulation of SIRT1.

Inhibition of miR-29a suppressed H/R-induced pyroptosis in H9c2 cells

Finally, we detected pyroptosis related proteins and inflammatory factors in H/R

model. Results showed treatment of H/R significantly elevated all pyroptosis related

proteins of NLRP3, caspase-1 and IL-1β, as well as levels of IL-1, IL-6 and

TNF-alpha, and inhibition of SIRT1 dramatically reversed these effects (P<0.05,

Figure 5). The cell apoptosis was also detected. The treatment of H/R significantly

enhanced the apoptosis rate, however inhibition of miR-29a dramatically suppressed
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the apoptosis, which was also reversed by inhibition of SIRT1 (P<0.05), suggesting

inhibition of miR-29a suppressed H/R-induced pyroptosis in H9c2 cells through

regulation of SIRT1.

Discussion

Myocardial ischemia-reperfusion injury can be seen in open heart surgery,

coronary artery bypass grafting, coronary angioplasty, thrombolytic surgery and

sudden increase in blood flow of the medial myocardial branch. With the increasing

incidence of myocardial infarction and the extensive development of early coronary

artery recanalization therapy, myocardial I/R injury has become a common

pathophysiological phenomenon in clinic. How to alleviate I/R injury is an urgent

problem to be solved. Despite numerous studies on I/R injury, the underlying

mechanisms are still unclear. Besides, up to now, no study focused on effects of

miR-29a on oxidative stress and NLRP3 mediated pyroptosis in myocardial I/R injury.

In the present study, we demonstrated for the first time that inhibition of miR-29a

improved myocardial I/R injury by targeting SIRT1 through suppressing oxidative

stress and NLRP3 mediated pyroptosis.

MiR-29a has been proven to be involved in many diseases, including I/R injury.

Duan et al reported that miR-29a was involved in protective remote ischemic

preconditioning in an ischemia-reperfusion rat model (17). In this research, the

authors found reducing miR-29a levels might resulted in a protective effect in liver

I/R injury. Sassi et al also demonstrated that the inhibition of miR-29a could prevent

cardiac hypertrophy and fibrosis and improved cardiac function (12). It was also

demonstrated that miR-29a was up-regulated after myocardial ischemia-reperfusion

and the increased miR-29a might promoted cell apoptosis (18). In the present study,

we also found SIRT1 was down-regulated in I/R injury and the decrease of SIRT1 was

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on September 3, 2019 as DOI: 10.1124/jpet.119.256982

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET # 256982

12

correlated with I/R injury. Besides we also showed miR-29a could improve I/R injury

via targeting SIRT1.

Role of SIRT1 in I/R injury has been reported in many researches. Hsu et al

demonstrated that SIRT1 could function as a protector for hear I/R injury through

upregulation of anti-oxidants and downregulation of pro-apoptotic molecules (19). Yu

et al reported that melatonin receptor could improve myocardial ischemia/reperfusion

injury by enhancing SIRT1 and reduction of oxidative stress (20). In our research, we

also showed, the activation of SIRT1 by inhibition of mIR-29a inhibited oxidative

stress and protect I/R injury.

Up to now, few studies focused on pyroptosis in I/R injury. Yang et al reported

that I/R injury could induce renal tubule pyroptosis via the CHOP-caspase-11

pathway (21). On the contrary, the NLRP3 mediated pyroptosis could facilitate the

myocardial I/R injury (22). In this study, we showed for the first time that miR-29a

could improve myocardial I/R injury through inhibition of pyroptosis.

Conclusion

Inhibition of miR-29a improved myocardial I/R injury by targeting SIRT1

through suppressing oxidative stress and NLRP3 mediated pyroptosis.
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Figure legends

Fig. 1 Effects of myocardial ischemia reperfusion on myocardial injury, myocardial

enzymes and inflammatory factors. (A) TTC staining and infraction volume of

different mice; (B) HE staining of different mice; (C) serum levels of myocardial

enzymes and inflammatory factors in different groups of mice. ***P<0.001.

Fig. 2 Myocardial I/R up-regulated miR-29a, activated oxidative stress and pyroptosis

in mice myocardial tissues. (A) The expression of miR-29a and SIRT1 in mice tissues

of I/R and control; (B) protein expressions of SIRT1, eNOS, iNOS, NLRP3, caspase-1

and IL-1β in I/R and control mice. (C) SOD and MDA levels in I/R and control

mice. ***P<0.001.

Fig. 3 miR-29a directly targeted SIRT1 in H9c2 cells. (A) predicted region of

miR-29a and SIRT1; (B) relative Renilla luciferase activity for SIRT1-WT and MUT;

(C) expression of miR-29a and SIRT1 in cells transfected with miR-29a mimics,

inhibitor or NC. (D) protein levels of SIRRT1 in cells transfected with miR-29a

mimics, inhibitor or NC. ***P<0.001, **P<0.01.

Fig. 4 Inhibition of miR-29a suppressed H/R-induced oxidative stress in H9c2 cells.

(A) expression of miR-29a and SIRT1 in different groups of cells. (B) protein levels

of SIRT1, eNOS and iNOS in different groups of cells. (C) SOD and MDA levers in

different groups of cells. ***P<0.001, **P<0.01.

Fig. 5 Inhibition of miR-29a suppressed H/R-induced pyroptosis in H9c2 cells. (A)
protein levels of NLRP3, caspase-1 and IL-1β in different groups of cells; (B) cell
apoptosis in different groups of cells. (C) levels of inflammatory factors in different
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groups of cells. ***P<0.001, **P<0.01.

Fig.1
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Fig. 2
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Fig. 3
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Fig. 4
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Fig. 5
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Table 1 Primers used in RT-qPCR

Primer name sequence (5 '-3')

miR-29a upstream sequence GCGGCGGTAGCACCATCTGAAATC

miR-29a downstream sequence GTGCAGGGTCCGAGGT

U6 upstream sequence CTCGCTTCGGCAGCACA

U6 downstream sequence AACGCTTCACGAATTTGCGT

SIRT1 upstream sequence TTCAGGTCAAGGGATGGTATTT

SIRT1 downstream sequence TGTTCCAGCGTGTCTATGTTCT

Actin upstream sequence CTGGGACGACATGGAGAAAA

Actin downstream sequence AAGGAAGGCTGGAAGAGTGC
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