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Abstract. - OBJECTIVE: Myocardial isch-
emia-reperfusion injury (IRI) is common in myo-
cardial infarction and is the leading cause of
death. Therefore, we investigated the effect of
miR-486 on myocardial IRl to explore new tar-
gets for clinical treatment of IRI.

MATERIALS AND METHODS: We made a rat
myocardial IRl model by obstructing the coro-
nary arteries and detected the change of miR-486
expression in rat myocardial tissue. In addition,
we induced injury of rat cardiomyocytes (H9c2
cells) by hypoxia/reoxygenation and transfect-
ed H9c2 cells with agomir-miR-486 and antag-
omir-miR-486 to detect the effects of miR-486
on the viability, inflammation and apoptosis of
cardiomyocytes. We also used the Targetscan
system to predict the direct target of miR-486 and
verified the effect of miR-486 on downstream tar-
gets through the Dual-Luciferase reporter assay.

RESULTS: HE staining and the detection of
myocardial injury markers and inflammatory fac-
tors verified the effectiveness of IRI rat model. The
expression of miR-486 in myocardium of IRl rats
was significantly lower than that of the control
group. The overexpression of miR-486 in H9c2
cells increased the viability of H9c2 cells and re-
duced the levels of inflammation and apoptosis.
MiR-486 is predicted to have a potential binding
site to forkhead box D3 (FOXD3). The Dual-Lu-
ciferase reporter assay proved that miR-486 can
bind and degrade FOXD3 mRNA. In addition, the
overexpression of FOXD3 was found to attenuate
the protective effect of miR-486 on H9c2 cells.

CONCLUSIONS: MiR-486 protects cardiomy-
ocytes and reduces the levels of inflammation
and apoptosis by binding and inhibiting FOXD3
activity. Therefore, miR-486 may become a new
target for myocardial IRI therapy.
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Introduction

Acute myocardial infarction is an acute man-
ifestation of coronary heart disease and the lead-
ing cause of death'. Its basic pathological chang-
es are rupture of coronary plaques, reduction of
thrombosis, and even interruption of blood sup-
ply, which eventually leads to severe ischemic
and hypoxic lesions in some myocardial tissues’.
If the blood flow of the occluded blood vessel
is not restored, the myocardial tissue in the in-
farct-related area will be necrotic®. Timely reper-
fusion strategies, such as drug thrombolysis, per-
cutaneous coronary intervention, and coronary
artery bypass grafting, can help open occluded
blood vessels as early as possible and effective-
ly rescue ischemic myocardial tissue*. Therefore,
traditional reperfusion strategies have reduced
the infarct size and improved cardiac function to
a certain extent, which has greatly improved the
prognosis of patients. However, with further re-
search on the process of myocardial ischemia and
reperfusion, the researchers found that although
reperfusion therapy can regain blood perfusion in
ischemic myocardium in a short time, reperfusion
therapy itself can also lead to more severe dys-
function and structural damage after myocardial
ischemia’. This phenomenon is called myocardi-
al ischemia-reperfusion injury (IRI). Herr et al®
has found that IRI-induced myocardial infarction
area can account for 50% of the final infarct size.
IRI can cause the destruction of myocardial cell
membrane, and then cause an enlargement of the
range of myocardial infarction. Then, IRI causes
myocardial contraction and diastolic function to
decrease, manifested as malignant arrhythmias,
cardiac insufficiency and even sudden death®. In
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addition, IRI can cause microcirculation disor-
ders in up to 50% of patients undergoing percu-
taneous coronary intervention, which seriously
affects the treatment effect and the patient’s prog-
nosis’. Therefore, how to reduce IRI has become
the focus and hot issue in the field of coronary
heart disease research.

Micro RNA (miRNA) is a class of endogenous
and regulatory small molecule non-coding RNA,
containing about 20-25 nucleotides®. Among
them, the miR-486 family, as a regulator of gene
transcription, can regulate the expression of spe-
cific target genes and participate in the pathologi-
cal processes of various diseases’. Chai et al'® has
shown that miR-486-5p can inhibit the inflamma-
tory response of human nucleus pulposus cells
and the degradation of extracellular matrix by
regulating forkhead box protein Ol, thereby re-
ducing the apoptosis of nucleus pulposus cells'.
In addition, miR-486 has also been found to regu-
late the proliferation and apoptosis of a variety of
tumor cells!™'2, Although miR-486 plays an indis-
pensable role in the pathological process of vari-
ous diseases, the role of miR-486 in myocardial
IRI has not yet been elucidated. In our current
study, we found that the expression of miR-486
was lower in myocardial tissue of IRI rats. Giv-
en above, we aimed to investigate the effect and
mechanism of miR-486 on rat myocardial tissues
and cells through transfection technology.

Materials and Methods

Animals

We selected 30 male specific pathogen free
Sprague Dawley rats (8-10 weeks of age, 180-200
g) for this study. Rats were purchased and bred at
Capital Medical University Animal Center. Room
temperature of about 22°C, relative humidity of
55% and 12 hours of alternating light were main-
tained in the animal house. Clean breeding and
drinking water are available regularly. This study
was approved by the Animal Ethics Committee of
Capital Medical University Animal Center.

Myocardial IRI Model

After anesthetizing rats with 2% sodium pen-
tobarbital (40 mg/kg), we placed them on the op-
erating table. Then, we used scissors to cut off the
fur on the chest area and disinfect the chest skin
with iodine. After cutting the skin and trachea of
the rat’s neck using sterile scissors, we connected
animal ventilator (CWE SAR-830, Orange, CA,

USA) to rats and set the heart rate of 80-100/min,
the breathing rate of 60/min, the breathing ratio
of 1:1.5 and the tidal volume of 70 mL. We cut
the skin and ribs of the left chest of the rat us-
ing scissors, and then cut the capsule and exposed
the heart. We used sterile sutures to ligate the left
anterior descending coronary artery between the
pulmonary artery cone and the left atrial append-
age. Cyanosis of the epicardium at the distal end
of the ligation and ST segment elevation of the
electrocardiogram (ECG) indicated myocardial
ischemia. After 30 min of ischemia, we loosened
the ligature to open the coronary arteries for an-
other 180 min. The fall of the ST segment of the
ECG indicated successful reconnection. Rats in
the Sham group only exposed the heart without
ligating the coronary arteries. Finally, we eutha-
nized the rats and collected blood and heart tissue.

Histology and Hematoxylin-eosin (HE)
Staining

After the rat heart tissue was cleaned with
normal saline, we immersed the heart tissue in
4% paraformaldehyde for 24-48 h. We put heart
tissue into gradient alcohol, xylene, and paraffin,
and made paraffin blocks. We then cut the paraf-
fin mass into 5 pm paraffin sections using a mi-
crotome (LEICA RM2235, Koln, Germany). Par-
affin sections were baked in a 37°C incubator for
24-72 h and stored at room temperature.

Before HE staining, we first baked paraffin sec-
tions in a 55 °C incubator for 1 h. We then placed
the sections in xylene and gradient alcohol. After
rinsing the sections with running water, we put the
sections in hematoxylin staining solution (Beyo-
time, Shanghai, China) for 1 min, and then differ-
entiate the tissue with hydrochloric acid alcohol for
3 s. After rinsing the sections with running water,
we put the sections in eosin staining solution (Be-
yotime, Shanghai, China) for 1 min and continued
dehydration with gradient alcohol. Finally, we used
neutral balsam for mounting and observed the
staining results using an optical microscope.

2, 3, 5-Triphenyl Tetrazolium Chloride
(TTC) Staining

We collected rat heart tissue and washed the
heart with normal saline. Then, we put the heart
tissue in a refrigerator at -20°C for about 20 min.
Then, we cut the heart tissue into 5-6 pieces start-
ing from the apex of the heart. The thickness of
each piece was about 2 mm. We then placed the
sections in 1% TTC stain (Beyotime, Shanghai,
China) and incubated tissue at 37°C for 15-30
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min. We then used the camera to take pictures and
analyze the extent of myocardial ischemia. Nor-
mal tissue was red and ischemic tissue was pale.
The area of myocardial ischemia was represented
as a percentage of the area of the left ventricle.

Detection of Lactic Dehydrogenase
(LDH) and Creatine Kinase (CK)

After 180 min of reperfusion in rats, we took
about 2 mL of abdominal aortic blood from the rats
and collected the serum by centrifugation. Then,
we used LDH detection kit (Beyotime, Shanghai,
China) and CK detection kit (Beyotime, Shanghai,
China) to detect LDH and CK activity in rat serum.
We first added matrix buffer and 5 pL of Coen-
zyme to the blood sample. After 15 min, we added
25 pL of dinitrophenylhydrazine to the mixture
and incubated them for 15 min at 37°C. We then
added 250 pL of NaOH to the mixture and incu-
bated them for 5 min. Finally, we use a spectro-
photometer to measure the absorbance at 450 nm
and calculate the LDH activity. The detection of
CK activity is similar to that of LDH.

Cell Culture and Hypoxia/Reoxygenation
(H/R) Model

Rat myocardial cell line (H9¢c2 cells) (Amer-
ican Type Culture Collection, ATCC, Manas-
sas, VA, USA) was used in this study. We used
Dulbecco’s Modified Eagle’s Medium (DMEM;
Gibco, Rockville, MD, USA) containing 10% fe-
tal bovine serum (FBS: Gibco, Rockville, MD,
USA) and 1% double antibody (penicillin plus
streptomycin) (Gibco, Rockville, MD, USA) to
culture H9¢c2 cells and cultured H9¢c2 cells in a
37°C incubator containing 5% CO,. All cell ex-
periments were performed in a sterile cell clean
bench. Agomir-control, agomir-miR-486, antag-
omir-control, antagomir-miR-486, lenti-control
and lenti-FOXD3 are designed in Shanghai Ge-
nepharma Company (Shanghai, China). We used
Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) for cell transfection following the manufac-
turer’s instructions.

We put the sugar-free D-Hank’s liquid con-
tainer in an anaerobic incubator (95% N, and 5%
CO,) for 30 min to make the oxygen concentra-
tion in the liquid less than 1%. Then, we select-
ed the cells in the logarithmic growth phase and
washed them 3 times with sugar-free D-Hank’s
solution. We then cultured the cells using sug-
ar-free DMEM medium and placed the cells in the
anaerobic incubator. After 4 h, we re-cultured the
cells with normal medium.
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Cell Counting Kit 8 (CCK8) Assay

We cultured H9c2 cells in 96-well plates and
treated the cells differently. Then, we added 10 puL.
of CCKS8 reagent (Dojindo Molecular Technolo-
gies, Kumamoto, Japan) to each well and mixed.
The 96-well plate was placed in the incubator and
incubated for another 2 h. We then used a micro-
plate reader to detect the absorbance of each well
at a wavelength of 450 nm and calculated cell vi-
ability with the absorbance.

Enzyme Linked Immunosorbent Assay
(ELISA)

We detected the concentrations of inflamma-
tory factors (LI-1B, IL-6, IL-8 and TNF-a) in rat
serum and cell culture medium by ELISA kits
(Thermo Fisher Scientific, Waltham, MA, USA).
Firstly, we configure the standards and add them
to the microplate. We then added the diluted sam-
ple to the microplate and added biotin antibody
dilution to each well. After the mixture was incu-
bated at 37°C for 60 min. We washed the micro-
plate and added developer to each well for 20 min
in the dark. Finally, we used a microplate reader
to detect the absorbance of each well at a wave-
length of 450 nm.

RNA Isolation and Quantitative
Real-Time Reverse Transcription-
Polymerase Chain Reaction (RT-PCR)

We used TRIzol reagent (Invitrogen, Carlsbad,
CA, USA) to extract total RNA from rat myocar-
dial tissue or H9¢2 cells. We add 1 mL of TRIzol
reagent to myocardial tissue or cells to fully lyse.
We then added 200 puL of chloroform and collected
the supernatant by centrifugation. We then added
isopropanol and collected the precipitate. After
washing the precipitate with absolute ethanol, we
used RNase-free ddH,O to dissolve the RNA. An
ultraviolet spectrophotometer was used to detect
the concentration of RNA. We used reverse tran-
scription kits (Thermo Fisher Scientific, Waltham,
MA, USA) to reverse RNA into cDNA. The reverse
transcription system was 1 ug RNA + 2 pL Oligo
(DT) 15 + 2 uLL. DNTP + RNase-free ddH,O to 12
pL. CDNA was stored in a refrigerator at -20°C.
Then, we used SYBR Green Mix (Vazyme, Nan-
jing, Jiangsu, China) for PCR. The PCR system
was 12.5 pL SYBR Green Mix + 0.5 L Forward
Primer + 0.5 pL Reverse Primer + 0.5 uLL ddH,O +
2 uL cDNA. Endogenous U6 and GAPDH expres-
sion were used as controls. 224t was used to rep-
resent the relative expression of RNA. The primer
sequences were shown in Table I.
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Table I. RT-PCR sequence primers.

Name Sense sequences (5'-3°) Anti-sense sequences (5'-3’)

caspase3 GGAACGCGAAGAAAAGTG ATTTTGAATCCACGGAGGT

FOXD3 CCCTCTCCACCCTCACC GAAGCGCAACTCCTCACC

miR-486 ACACGAATTCTAACGGCTGTACTAG ACACGAATTCTAACGGCTGTACTAGTGTG
TGTGTGAGGG TGAGGG

U6 GCTTCGGCAGCACATATACTAAAAT CGCTTCACGAATTTGCGTGTCAT

GAPDH ATGGCTACAGCAACAGGGT TTATGGGGTCTGGGATGG

Immunocytofiuorescence (IF) Staining

We placed cell slides in 24-well plates and seed-
ed H9c2 cells on the cell slides. After processing
the cells, we took the 24-well plate and discarded
the medium. Cells were then washed 3 times with
phosphate-buffered saline (PBS). We then added
4% paraformaldehyde to each well for 15 min. After
washing the cells with PBS, we added 0.01% Tri-
tonX-100 to each well for 15 min and washed the
cells again. We then blocked the non-specific anti-
gen with 10% goat serum for 1 h. After discarding
goat serum, we incubated the cells at 4°C overnight
using primary antibody dilution (FOXD3, ab64807,
1:500; caspase3, ab13847, 1:500, Abcam, Cam-
bridge, MA, USA). We then washed the cells with
PBS and incubated the cells for 1 h in the dark with
fluorescent secondary antibody dilution (Abcam,
Cambridge, MA, USA). Finally, we stained the nu-
cleus with 4’,6-diamidino-2-phenylindole (DAPI)
and observed the staining results with a fluorescence
microscope (LEICA, Koln, Germany).

Dual-Luciferase Reporter Assay

Targetscan system (http:/www.targetscan.org/
vert_72/) was used to predict the targets of miR-
486. (Forkhead box D3) FOXD3 was found to be a
potential target for miR-486. We used HEK 293T to
verify the relationship between FOXD3 and miR-
486. Firstly, we constructed a plasmid containing
the luciferase reporter gene of the potential bind-
ing sequence of FOXD3 mRNA 3’-UTR and miR-
486. We then transfected the plasmid into cells
using Lipofectamine 3000. We then added 250 pl
of Dual-Glo Luciferase Reagent (Thermo Fisher
Scientific, Waltham, MA, USA) to the cells. After
10 min, we added Dual-Glo Stop & Glo Reagent
to the cells. Finally, we used a microplate reader
to measure the firefly luciferase fluorescence value.

Statistical Analysis

Statistical Product and Service Solutions (SPSS)
21.0 statistical software (IBM, Armonk, NY, USA)
was used for statistical analysis. The data in this

study were expressed as mean +SD (standard de-
viation). Comparisons between groups were ana-
lyzed by analysis of variance, and pairwise com-
parisons within groups were analyzed by t-test. All
experiments were repeated 3 times. p<0.05 indicat-
ed that the difference was statistically significant.

Results

Myocardium of IRl Rats Showed
Low Expression of MiR-486

First, we made a rat model of IRI through cor-
onary artery occlusion. HE staining (Figure 1A)
revealed that the cardiomyocytes of the myocardial
tissue in the infarcted area of IRI rats were disor-
derly arranged, and there was also a large number
of inflammatory cell infiltrations between the car-
diomyocytes. TTC staining (Figure 1B) showed the
infarcted area of myocardial tissue, and the infarcted
area of IRI rats was larger than that of normal rats.
The concentration of myocardial injury markers
(LDH and CK) represented the degree of myocardial
injury. The concentrations of LDH (Figure 1C) and
CK (Figure 1D) in the serum of IRI rats were sig-
nificantly higher than those in normal rats. Then, we
detected the concentrations of inflammatory factors
(IL-1B, IL-6, IL-8 and TNF-a) in rat serum by ELI-
SA (Figure 1E). The concentrations of inflammato-
ry factors in the serum of IRI rats were significantly
increased compared to normal rats. These results
indicated that the IRI rat model was successfully
made. Then, we detected the expression of miR-486
in rat myocardial tissue by RT-PCR (Figure 1F). The
results showed that after myocardial IRI, miR-486
expression in rat myocardial tissue decreased.

MiR-486 Alleviated H/R-Induced H9c2
Cell Injury

We made an IRI model of H9¢2 cells through
H/R. RT-PCR detected (Figure 2A) the expres-
sion of miR-486 and FOXD3 in H9¢2 cells. H9c2
cells in the H/R group expressed less miR-486
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Figure 1. Myocardium of IRI rats showed low expression of miR-486. A, HE staining of myocardium in Sham group and
IRI group (magnification: 10x and 200x). The arrow points to the area of injured myocardium; B, TTC staining of rat myo-
cardium detected the myocardial infarction area; C-D, activity of LDH and CK in rat serum; E, IL-1p, IL-6, IL-8 and TNF-a
in rat serum were detected by ELISA; F, miR-486 expression in rat myocardium was determined by RT-PCR. (“*” means the

difference is statistically significant, p<0.05).

and more FOXD3. IF staining also detected the
high expression of FOXD3 in the cells of the H/R
group (Figure 2B). Then, we used agomir-con-
trol, agomir-miR-486, antagomir-control and
antagomir-miR-486 to transfect H9¢2 cells and
detected the transfection efficiency by RT-PCR
(Figure 2C). H9¢2 cells are divided into 6 groups,
including control group, H/R group, H/R + ago-
mir-control group, H/R + agomir-miR-486 group,
H/R + antagomir-control group and H/R + an-
tagomir-miR-486 group. Firstly, we detected the
viability of H9c2 cells by CCKS8 assay (Figure
2D). Overexpression of miR-486 was found to in-
crease the viability of H9¢2 cells, whereas antag-
omir-miR-486 did the opposite. We then detected
the concentration of inflammatory factors in the
cell culture supernatant by ELISA (Figure 2E).
The overexpression of miR-486 effectively re-
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duced the concentrations of IL-1p, IL-6, IL-8 and
TNF-a in the cell culture medium, while the in-
hibition of miR-486 exacerbated the level of cell
inflammation. We detected the expression of the
pro-apoptotic molecule caspase3 in H9¢c2 cells by
IF staining (Figure 2F). The results showed that
miR-486 can reduce the expression of caspase3.

FOXD3 is a Direct Target of MiR-486

To determine the mechanism of action of miR-
486, we used Targetscan to predict the target of
miR-486. FOXD3 was found to be a direct target
of miR-486 (Figure 3A). We then used Dual-Lu-
ciferase reporter assay to verify the interaction of
miR-486 and FOXD3. We transfected the Lucif-
erase reporter vector of the sequence of FOXD3
3’-UTR of wild type (WT) or mutation (MUT)
into HEK 293T cells (Figure 3B).
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Figure 2. MiR-486 alleviated H/R-induced H9¢c2 cell injury. A, expression of miR-486 and FOXD3 in H9¢c2 cells was de-
termined by RT-PCR; B, expression of FOXD3 protein was determined by IF staining (magnification: 200x); C, transfection
efficiency was determined by RT-PCR; D, H9¢c2 cell viability was determined by CCKS assay; E, IL-1f, IL-6, IL-8 and TNF-a
in cell culture medium were detected by ELISA; F, expression of caspase3 protein was determined by IF staining (magnifica-
tion: 200x%). (“*” means the difference is statistically significant, p<0.05).

427



N. Wang, Y.-B. Yu

A
Predicted consequential pairing of target region (top) and| Site | Context++
miRNA (bottom) type score
Position 233-239 of FOXD3 3' UTR 5 ... UGGGAAUAACUUUCCGUACAGGU. . .
i e o
mo-miR-486 a3 GAGCCCCGUCGAGTCAUGUCCT
B —— Luciferase FOXD3
WT-3’-UTR 5"--UGGGAAUAACUUUCCClalIJ,?\(ﬁClSClSU'--3’
rno-miR-486 5-GAGCCCCGUCGUCGAGUCAUGUCCU3
|
MUT-3’-UTR 5"-UGGGAAUAACUUUCCAGAUAAUU3
WT FOXD3 3'-UTR MUT FOXD3 3'-UTR
: 1.5+
=y 3 10nM =
2 2
£ 1.0- ) W 26 £ 1.0-
'é sox =3 30nM -é
S 0.5- & 40nM £ 0.5-
5 =3 50nM 5
=1 =]
0.0 0.0
agomir-control agomir-miR-486 agomir-control agomir-miR-486
E F
c
2 FOXD3
g
<
: : . . . . . .
€% DAPI
2
K
&
Merge
H/R - + + + + +
Agomir-control - - - - -
Agomir-miR-486 - - - + - -
Antagomir-control - - - = + -
Antagomir-miR-486 - - - - = +

Figure 3. FOXD3 is a direct target of miR-486. A, targetscan predicted that FOXD3 is a potential target of miR-486; B,
FOXD3 3-UTR WT and MUT plasmid schematic; C-D, Dual-Luciferase reporter assay proved that miR-486 can bind and
degrade FOXD3 mRNA; E-F, expression of FOXD3 mRNA and protein was determined by RT-PCR and IF staining (magni-
fication: 200x). (“*” means the difference is statistically significant, p<0.05).
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The results of the Dual-Luciferase reporter assay
showed that the fluorescence intensity in HEK 293T
cells co-transfected with WT-FOXD3 3’UTR and
agomir-miR-486 was significantly decreased and
concentration-dependent. However, the Luciferase
activity of cells containing the mutated reporter
gene was not significantly changed. This indicated
that miR-486 directly targets the 3>-UTR of FOXD3
(Figure 3C, D). In addition, we detected the expres-
sion of FOXD3 mRNA (Figure 3E) and protein (Fig-
ure 3F) in H9¢2 cells. After using agomir-miR-486
to promote miR-486 expression, the expression of
FODX3 mRNA and protein decreased.

Overexpression of FOXD3 Reversed the
Protective Effect of MiR-486 on H9c2 Cells
To determine the effect of FODX3 on H9c2
cells, we transfected FOXD3 overexpressing len-
tivirus in H9¢2 cells. First, we checked the trans-
fection efficiency by RT-PCR and Lenti-FOXD3

was found to increase the expression of FOXD3 in
HO9c¢2 cells (Figure 4A). Then, CCKS8 assay found
that the cell viability of H9¢2 cells was reduced
after FOXD3 was overexpressed. This indicated
that overexpression of FOXD3 reversed the effect
of miR-486 on the viability of H9¢2 cells (Figure
4B). In addition, we detected the effect of FOXD3
on the level of inflammation in H9¢2 cells by ELI-
SA (Figure 4C). The results showed that FOXD3
attenuated the anti-inflammatory effects of miR-
486. IF staining detected caspase3 expression and
FOXD3 was found to promote caspase3 expres-
sion (Figure 4D).

Discussion
IR is a pathophysiological process that main-

ly occurs during the transition from the ischemic
phase to the reperfusion phase. The mechanism
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Figure 4. Overexpression of FOXD3 reversed the protective effect of miR-486 on H9¢c2 cells. A, transfection efficiency of
lentivirus was determined by RT-PCR; B, H9¢2 cell viability was determined by CCK8 assay; C, IL-1B, IL-6, IL-8 and TNF-a
in cell culture medium were detected by ELISA; D, expression of caspase3 protein was determined by IF staining (magnifica-
tion: 200x%). (“*”” means the difference is statistically significant, p<0.05).
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by which IRI occurs is not fully understood'.
The current evidence-based mechanisms include
oxidative stress, intracellular calcium overload,
vascular endothelial damage, endoplasmic re-
ticulum stress, and inflammatory responses'.
We successfully made an IRI rat model through
coronary artery occlusion and found that the
expression of miR-486 in myocardial tissue of
IRI rats was lower than that of the control group.
This shows that miR-486 has an important role
in myocardial IRI. Overexpression of miR-486
not only increased the viability of H9c2 cells,
but also reduced the levels of inflammation and
apoptosis of the cells. Therefore miR-486 plays
an important role in the resistance of cardiomy-
ocytes to IRI. We found that FOXD3 is a di-
rect target of miR-486, and overexpression of
FOXD3 attenuated the protective effect of miR-
486 on H9c2 cells. Therefore, miR-486 may play
arole in protecting myocardial cells from IRI by
regulating FOXD3.

With the deepening of research on myocardi-
al IRI, more and more evidence showed that the
inflammatory response is activated during the
myocardial ischemic phase, and reperfusion fur-
ther exacerbates the inflammatory response in
the myocardium'®. Neutrophil-based inflamma-
tion is one of the important mechanisms causing
myocardial IRI. In addition, some clinical stud-
ies have also found that after revascularization
of myocardial infarction, inflammatory factors
in patients’ serum, including TNF-a, IL-1f, IL-
6, and IL-8, have significantly increased. In the
absence of oxygen and nutritional supply, dam-
age to a large amount of myocardial tissue leads
to inflammatory response, which initiates the
heart repair process'. Given IRI occurs without
microorganisms, this inflammatory response is
aseptic inflammation. However, the post-IRI in-
flammatory response is similar to that of patho-
gen invasion. Both of them include chemotaxis,
infiltration of inflammatory cells, and secretion
of inflammatory factors. Although various cell
types mediate the inflammatory response after
IRI, white blood cells in the blood play a particu-
larly prominent role'. Neutrophils and coronary
endothelial cells exhibit specific interactions
during early reperfusion. In the early minutes
of reperfusion, neutrophils were recruited into
reperfusion myocardial tissue by the release of
pro-inflammatory factors (TNF-a, IL-6, platelet
activating factor, alexin and leukotriene B4) and
chemokines (IL-8)". Endothelial cells are then
activated, and cell adhesion molecules are rap-
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idly upregulated, such as P-selectin and E-selec-
tin. Cell adhesion molecules promote leukocyte
adhesion and allow them to infiltrate into dam-
aged tissue. Infiltrated neutrophils engulf cell
debris, release proteolytic enzymes and produce
reactive oxygen species to degrade the extracel-
lular matrix". In addition, the release of inflam-
matory factors from neutrophils results in the
reduction of endothelium-derived relaxing fac-
tors, NO and prostacyclin. This promotes coro-
nary microthrombosis and disrupts the integrity
of the microvascular bed, leading to increased
coronary resistance and impaired microcircula-
tory function?. Therefore, further elucidating
the specific mechanism of inflammation in IRI
and exploring potential therapeutic targets are
the keys to improving the prognosis of myocar-
dial IRI and improving the clinical efficacy of
patients with ischemic heart disease. Our study
found that miR-486 can reduce the expression
of inflammatory cytokines and chemotaxis-re-
lated cytokines in rat cardiomyocytes induced
by IRI, suggesting that miR-486 may reduce
IRI-induced myocardial injury through anti-in-
flammatory effects.

FOXD3 belongs to the forkhead protein fami-
ly. FOXD3 plays an important role in maintaining
pluripotent differentiation of mammalian neural
crests?!. FOXD3 is not only expressed in mouse
embryonic stem cells and embryoma, but also in
mouse epidermis and neural crest cells at later
stages of embryonic development®’. In FOXD3
knockout embryos, trophoblast precursor cells
cannot self-renew, however, the number of em-
bryonic trophoblastic cells increased excessive-
ly*>. Zhang et al** have shown that FOXD3 can
bind to the IL-10 promoter and limit the activa-
tion of the IL-10 promoter, thereby inhibiting the
anti-inflammatory effect of IL-10. However, there
are no reports on the role of FOXD3 in cardio-
myocytes. Our study found that FOXD3 is a di-
rect target of miR-486. MiR-486 plays a role in
regulating cardiomyocytes by degrading FOXD?3.
We found that the overexpression of FOXD3 re-
duced the protective effect of miR-486 on cardio-
myocytes by transfecting FOXD3 overexpression
lentivirus in H9¢2 cells. Therefore, the increase
of FOXD3 caused by the decrease of miR-486 in
myocardial tissue of IRI rats may be one of the
factors that cause IRI. Therefore, miR-486 may
become a therapeutic target for myocardial IRI in
the future. We hope that our study can provide a
strong theoretical basis for the treatment of myo-
cardial IRI.
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Conclusions

The expression of miR-486 was low in rat
myocardial tissue after IRI. MiR-486 binds and
degrades FOXD3 mRNA, thereby reducing the
level of inflammation and apoptosis in cardio-
myocytes. Therefore, miR-486 may be used as
a therapeutic target for IRI and used to alleviate
myocardial IRI.
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