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Down-regulation of miR-192 protects
against rat ischemia-reperfusion injury
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Abstract. - OBJECTIVE: DJ-1-phosphate and
tension homology deleted on chromosome ten/
phosphatidylinositol-3-kinase/protein kinase B
(PTEN/PI3K/AKT) signaling pathway plays a role
in the regulation of ischemic reperfusion (I-R) in-
jury. Bioinformatics analysis demonstrated that
there is a complementary binding site between
microRNA-192 (miR-192) and the 3’-UTR of DJ-1
mRNA. This study investigated the role of miR-
192 in regulating DJ-1-PTEN/PI3K/AKT signaling
pathway and myocardial I-R injury.

MATERIALS AND METHODS: miR-122 and
DJ-1 mRNA expressions in myocardial tlssue
were detected by Real-time PCR (RT-PCH
1, PTEN, and phosphorylated AKT (p-AK
tein expressions were tested by Wester

(MDA) content and superoxide dismutase (SC
enzyme activity were detected
treatment was performed at
tion. Cell apoptosis was ey,
tometry.

RESULTS: Compared
192, PTEN expressio
significantly incre
p-AKT levels an
cantly reduced
I-R group. Co
significantly

omoted SOD activity in
ndition.
e expression of miR-192
ed significdntly, while the expression of
ad obviously during I-R injury after
i ction. Down-regulation of miR-
markedly enhanced DJ-1 expression and
N/PI3K/AKT pathway activity, inhibited cell
osis and ROS generation, and reduced I-R
cardiomyocytes.
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recirculation inevitably 1nduces
ia- reperfus1on (I-R) of infarcted myocar-
auses more severe damage to the in-
Arcted myocardium™*.
Phosphatidylinositol 3-kinase (PI3K)/protein
kinase B (AKT/PKB) signaling pathway is wi-
dely expressed in a variety of tissue cells and is
involved in cell growth, survival, and apopto-
sis®. Phosphatase and tensin homologue deleted
on chromosome ten (PTEN) gene is the only
tumor suppressor gene with the dual activity of
protein esterase and phosphatase that can ne-
gatively regulate PI3K/AKT signaling pathway
activity®. DJ-1/Parkinson gene 7 (PARK?7) gene
is a negative regulator of PTEN, which can sup-
press PTEN’s inhibition on PI3K/AKT signa-
ling pathway activity, thereby indirectly activa-
ting the PI3K/AKT signaling pathway, to play a
role in anti-oxidation, apoptosis reduction, and
cell survival promotion’. MicroRNA (miR) is a
newly discovered non-coding single-stranded
small molecule RNA with a length of 19 to 25
nucleotides in recent years. It is an extremely
important gene regulatory substance that regu-
lates about 30% human gene transcription and
expression®’. MicroRNA mainly participates
in cell growth, differentiation, migration, and
apoptosis mainly through anti-sense comple-
mentation to the 3’-untranslated region (3’-
UTR) of target gene mRNA, leading to target
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mRNA degradation or inhibition of post-tran-
scriptional translation'"!"". MicroRNA.org onli-
ne analysis demonstrated that there is a comple-
mentary binding site between miR-192 and the
3’-UTR of DJ-1 mRNA, suggesting a targeted
regulatory relationship between the two. Seve-
ral studies have shown that miR-192'*'* and DJ-
1'5-17 expressions changed in I-R injury tissues.
This study investigated the role of miR-192 in
regulating DJ-1-PTEN/PI3K/AKT signaling
pathway and myocardial I-R injury.

Materials and Methods

Main Reagents and Instruments

Healthy adult male Sprague-Dawley (SD) rats
(6 weeks, body weight 250+£20 g) were purcha-
sed from Shaanxi University of traditional Chi-
nese Medicine Experimental Animal Center
(Xianyang, China). Dulbecco’s modified eagle
medium (DMEM) medium and fetal bovine se-
rum (FBS) were purchased from Gibco BRL. Co.
Ltd. (Grand Island, NY, USA). HOC2 cells were
purchased from Changsha Winrunner (Chags

and B-actin polyclonal antibodies were purd
from Abcam Biotechnology (Cambridge,

was purchased from Sangon k
Ltd. (Shanghai, China). Typ

was purchased from [
(Carlsbad, CA, US
chased from TaK
activity assay
(Madison, W,

¢ was purchased from
is, MO, USA). Annexin

edures were approved by the Animal Ethics
mittee of the Second Affiliated Hospital of
axi University of traditional Chinese Medi-

Rat Myocardial I-R Model Establishmept

The rat was anesthetized by using g
drate intraperitoneal injection. Thg
connected to the SurgiVet V34(

machine. The chest was o
tercostal space and the
coronary artery was i
nary arterial cone a
ligated by using 6-
cess was judge
on Q lead or
color wani

e red was considered as
m group was selected

92 Treatment

odel rats were randomly divi-
ps: one group was given 50 nmol
200mir-NC intravenously 24 h before surgery,
her group was given 50 nmol antago-
92 intravenously 24 h before surgery.
he tissues were harvested 24 h after surgery.
Protein expression was detected by Western blot,
caspase-3 activity was tested by spectrophotome-
try, reactive oxygen species (ROS) content was
determined by flow cytometry, and MDA content
and SOD activity were measured.

Caspase-3 Activity Detection

According to the instructions of the kit, the
pNA standard product was diluted in concentra-
tion gradient to prepare standard products with
concentrations of 200 uM, 100 uM, 50 uM, 25
uM, 12.5 uM, 6.25 uM, and 0 uM. The absorban-
ce was measured at 405 nm to make a standard
curve. The tissue was smashed to prepare homo-
genate. The homogenate was added with caspase
lysis buffer on ice for 20 min and centrifuged at
12000 xg and 4°C for 10-15 min. Then the super-
natant was taken to a new 1.5 ml centrifuge tube
and quantified by the bicinchoninic acid (BCA)
kit. 65 pl Assay buffer, 25 ul lysate supernatant,
and 10 pl Ac-DEVD-pNA (2 mM) were added
to a 96-well plate and incubated for 2 h at 37°C.
When the color change was obvious, the plate
was measured at 405 nm on a microplate reader
(Awareness, USA). The relative enzyme activity
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was calculated based on A405 in the experimental Luciferase Reporter Gene Assay
group/A405 in the control group % 100%. 1x10° H9C?2 cells were inoculated ig

MDA and SOD Detection pMIR-DJ-1-mut) and miR-192

Rat myocardial homogenate was prepared and NC) were co-transfected into
quantified using BCA method. MDA and SOD Lip02000 and continued to cultu
contents were tested in accordance with the in- Glo Luciferase Assay Syst i
structions to assess oxidative stress conditions
and antioxidant capacity.

H9CZ Cell Transfection and I-R
Treatment

For I/R treatment, the cells were cultured in
low glucose serum-free DMEM to simulate ische-
mic condition. Next, the cells were maintained in
incubator with 5% CO, and 95% N, to simulate
hypoxic condition. The cells were changed to
routine medium after 12 h and further cultured
in normal condition for 12 h. H9C2 cells in lo-
garithmic phase were divided into two groups,
including miR-NC and miR-192 inhibitor groups.

Flow Cytometry Detection
of Cell Apoptosis

The cells were washed twice in phggaha-
te-buffered saline (PBS) and digested b
trypsin. After centrifuged at 300 xg for
the cells were re-suspended and added witf
pl binding solution. Then, the cells were ac
with 5 pl of Annexin V-FITC and
pidium iodide (PI) solution 4
incubated avoiding light fo

ere pre-denatured at 95°C for 5 min,
Bllowed by 40 cycles of 95°C for 15 s and 60°C for
1 min on the Bio-Rad (Hercules, CA, USA) CFX96
Real-Time PCR Detection System. The primers for
miR-192 and DJ-1 were listed in Table 1.

Western Blot

Cells and tissues were lysed by radioimmuno-
precipitation assay (RIPA). 40 pg proteins were
separated by 10% sodium dodecyl sulfate polya-
crylamide gel electrophoresis (SDS-PAGE) gel
and 4% concentrated gel. Then the protein was
transferred to polyvinylidene difluoride (PVDF)
membrane at 300 mA for 90 min. Next, the mem-
brane was blocked with 5% skim milk at room
temperature for 60 min and incubated in primary
antibody (DJ-1, PTEN, AKT, p-AKT, and B-actin
at 1:1000, 1:2000, 1:2000, 1:1000, 1:10000, re-
spectively) at 4°C overnight. After that, the mem-
brane was incubated with horseradish peroxidase
(HRP)-conjugated goat anti-rabbit IgG (H+L) se-
condary antibody (1:15000) at room temperature
for 60 min and finally detected by enhanced che-
miluminescence (ECL).

cells were tested on a Bd
cytometer.

Statistical Analysis
All data analyses were performed on SPSS 18.0
software (SPSS, Inc., Chicago, IL, USA). Measu-
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rement data were expressed as mean + standard
deviation (SD). The student’s t-test was used to
compare the differences between two groups.
The Tukey’s post-hoc test was used to validate the
ANOVA for comparing measurement data among
groups. p<0.05 was considered as statistically si-
gnificant.

Results

The Targeted Regulatory Relationship
Between miR-192 and DJ-1

MicroRNA.org online prediction showed that
there is a targeted complementary binding site
between miR-192 and the 3’-UTR of DJ-1 mRNA
(Figure 1A). Dual luciferase gene reporter assay
revealed that transfection of miR-192 mimic si-
gnificantly reduced the relative luciferase activi-
ty of pMIR-DJ-1-wt transfected HEK293T cells.
However, miR-192 mimic exhibited no marked
effect on relative luciferase activity in pMIR-DJ-
I-mut transfected HEK293T cells (Figure 1B),
suggesting that there is a targeted regulatory rela-
tionship between miR-192 and DJ-1 mRN

Evident Oxidative Stress Injury
of Myocardial Tissue in I-R Rats

Flow cytometry showed that ROS conte
myocardial tissue of I-R rats was_significan
increased compared with Shang :

compared with the Sha
peroxidation and antizaxi

A

5" agCUG-AGGUACAGAGGUCAg 3’ pMIE

NI A
ccGACAGUUAAGUAUCCAGUC 5

L,
5" agCAC-AGGUAGUGUCCAGUg

e

DMIR-DJ1-mut

miR-192 mim

elative luciferase activity

pMIR-DJ-1-wt pMIR-DJ-1-mut

d regulatory relationship betwe-
, The complementary binding site
e 3’>-UTR of DJ-1 mRNA. B, Dual
. "p<0.05, compared with miR-NC.

mRNA was significantly decreased in
yocardial tissue of I-R group than that of Sham
group. MiR-192 expression gradually elevated,
while DJ-1 level gradually declined following I-R
time extension (Figure 3A, B). Western blot re-
vealed that DJ-1 and PTEN protein expressions
were markedly lower in I-R group than that in
Sham group both at 12 h and 24 h (Figure 3C).

Down-Regulation of miR-192
Attenuated I-R Induced Myocardial
Cell Oxidative Injury and Apoptosis
gRT-PCR demonstrated that compared with
control group, I-R treatment significantly enhan-
ced the expression of miR-192 and weakened the
expression of DJ-1 mRNA in H9C2 myocardial
cells (Figure 4A). Western blot analysis exhibited
that compared with the control group, I-R treat-

Sequences

Forwards
Reverse
Forwards
Reverse
Forwards
Reverse

GTGGACCTGACCTGCCTGCCGTCT
GGAGGAGTGGGTGTCGCTGT
GGGCCTTGTCCCATTCACGGC
TGCCTGCTTCTATATCCCGGCTTGG
TGCTGAGTATGTCGTGGAGTCTA
AGTGGGAGTTGCTGTTGAAATC
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Figure 2. Evident oxidative stress injury of myoca
the myocardium. B, Spectrophotometry detection of c§
detection. "p<0.05, compared with Sham.

ment markedly declined
and p-AKT proteins, w

-R rats. "4, Flow cytometry detection of ROS content in
tivity. C, MDA content detection. D, SOD enzyme activity

cell survival’. It was showed that the abnormally
decreased expression of DJ-1 is closely related to
I-R damage in organs such as heart!¢ and spinal
cord”, while elevated I-R expression can have a
protective effect, indicating that DJ-1 is a pro-
tective factor during IR damage. It was found'?!'*!
that elevated miR-192 can be detected during I-R
injury in lungs, kidneys, and other organs, sug-
gesting that miR-192 may be a promoting factor
for I-R injury. Bioinformatics analysis demon-
strated that there is a complementary binding site
between miR-192 and the 3’-UTR of DJ-1 mRNA,
suggesting a targeted regulatory relationship
between the two. This study investigated the role
of miR-192 in regulating DJ-1-PTEN/PI3K/AKT
signaling pathway and myocardial [-R injury.
Dual luciferase reporter gene assay showed that
transfection of miR-192 mimic significantly redu-
ced the relative luciferase activity in pMIR-DJ-1-
wt transfected HEK293T cells, but not pMIR-DJ-1-

of PI3K/AKT signaling pathway to sup- mut transfected, suggesting that there is a targeted
idation, reduce apoptosis, and promote regulatory relationship between miR-192 and DJ-1
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Figure 3. MiR-192 i
B, qRT-PCR detecti

-1 gradually declined
revealing that miR-192

y factor of myocardial I-R injury.
e study of the relationship between miR-192

was significantly increased, and its level gradual-
ly upregulated over time. Rancan et al'® observed
that after I-R injury, the expression of miR-192 in
lung tissues of pigs elevated significantly. Wang et
al" demonstrated that compared with the control
group, the expression of miR-192 in the periphe-
ral blood of the rats began to increase after 6 h of
renal I-R injury and reached a peak after 12 h, and
began to decline after 24 h. Zhang et al'? showed
that the expression of miR-192 in peripheral blood
of rats with acute renal I-R injury was markedly
upregulated with time extension. The expression
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Figure continued
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Figure 4. Continued. G, Flow cytometry detection of cell apoptosis. "p<0.

[-R+miR-NC.

level of miR-192 was 10 times higher than that of
the control group at 12 h after I-R. In addition, in
patients with acute renal I-R injury, the expression
of miR-192 in peripheral blood was also apparently
higher than those without renal I-R injury. gha

et al”? showed in vitro that the hypoxia-reo

In addition, this stu
expressmn may pl

1ce presented high sens1t1v1ty
ificant increase in 1nfarct

-1 expression was associated
injury, which was similar to
izu et al*! and Dongworth et al'®.
rther 1nvest1gat10n showed that transfection
iR-192 inhibitor in H9C2 cells significant-
ated the expression of DJ-1, declined the

10
Annexin V-FITC

1
10 10

roduction, oxidative stress
sis in cardiomyocytes I[-R
erved that miR-192 downre-

nice myocardial cell apoptosis, and al-

injury. Zhang et al® showed in vitro
that over-expression of miR-192 in H9C2 cel-
Is significantly aggravated HR injury and cell
apoptosis. Downregulation of miR-192 expres-
sion significantly attenuated H9C2 cell I-R and
apoptosis. Zhang et al* revealed that resvera-
trol can protect [-R injury in cardiomyocytes by
up-regulating the expression of DJ-1. Dongworth
et al'® demonstrated that over-expression of DJ-1
significantly increased the apoptosis of mouse
cardiomyocyte HL-1 to reduce the sensitivity
to I-R injury. Lu et al® reported that hypoxic
preconditioning prior to ischemia-reperfusion
could effectively modulate the endogenous pro-
tective mechanisms of the motosome, activate
ERK1/2 and up-regulate the expression of DJ-1
in cardiomyocytes, thereby reducing the num-
ber of apoptotic myocardial cells in I-R. This
study found that elevated expression of miR-
192 is a contributing factor to I-R injury after
myocardial infarction. DJ-1 can be elevated by
decreasing the expression of miR-192, leading
to the protective effect of DK-1 in myocardial
tissue I-R injury. However, the protective role
of miR-192 regulating DJ-1 expression in I-R
injury after myocardial infarction still needs to
be further studied in animals®*.
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Conclusions ction. J Throm Thromb 2017; 44: 556-564.
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We demonstrated that the expression of miR- Wu D, YanG C, Han Z. Diagnostic 2P (
192 increased significantly, while the expression value of circulating microRNAJ@gR in patients
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0 cd signincantly g mjury 62: 1233-1241.
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miR-192 markedly enhanced DJ-1 expression and NA-23a regulates acute,
PTEN/PI3K/AKT pathway activity, inhibited cell patients and in vitro t
apoptosis and ROS generation, and reduced I-R Med Rep 2018; 17: §
damage in cardiomyocytes. 11) L J, Sun F, Wane
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