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Abstract. - OBJECTIVE: MicroRNAs (miR-
NAs) are small single-stranded RNAs in eukary-
otic cells, which play important regulatory roles
in the pathogenesis of various diseases. We
aimed to investigate the effects of miRNA-101
(miR-101) on hypoxia-induced myocardial infarc-
tion (MI) cell injury model (myocardial H9c2 cell
injury model). The possible target gene of gniR-
101 was also analyzed.
MATERIALS AND METHODS: H9c2 cell
exposed to hypoxia treatment. Cell viabilit
gration, invasion, apoptosis and the expres
of miR-101 were detected using CCK—8 ass
transwell assay, flow cytometes .
ern blotting and qRT-PCR, j
the effects of miR-101 ovg

miR-101. Finally, t
ine transferase
target gene of

versed by miR-101 suppres-
ated by miR-101 overexpres-
rget gene of miR-101.
arkedly inhibited the

jury by suppressing specif-
urvivin pathway.

duced by hypoxia. DIMT1-mediated the Sp1/
vivin pathway was also involved in this pro-
3 Our findings replenished the understand-
ing @ the regulatory roles of miRNAs in hypox-
ia-induced MI cell injury and provided new mo-
lecular target for therapy and diagnosis of Mi.
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gial infarction (MI) is a serious heart
hich is caused by acute, persistent isch-
emia or hypoxia and is responsible for heart failure
and sudden death?. The main clinical symptoms
of MI are severe persistent chest pain, dyspnea,
fever and syncope®*. Despite the methods of pre-
vention and therapy for MI have been improved
in recent years, lots of people still died of this
disease all over the world*¢. Therefore, it is urgent
to explore the critical intracellular regulation fac-
tors, intrinsic molecular mechanisms and potential
molecular targets for therapy of MI. MicroRNAs
(miRNAs) are small single-stranded RNAs in eu-
karyotic cells, which play important regulatory
roles in intracellular signaling pathways by bind-
ing to target 3’-untranslated region (3’UTR) of
mRNA’. Researches have reported that several
of miRNAs participant in the pathological condi-
tions of MI. For example, Roy et al®* demonstrat-
ed that miRNA-21 (miR-21) regulated the matrix
metalloprotease-2 (MMP-2) expression in cardiac
fibroblasts of infarction zone through phosphate
and tensin homologue (PTEN) signaling pathway.
Fan et al’ proved that miRNA-34a (miR-34a) was
highly expressed in patient with M1, and promoted
myocardial cells apoptosis by negatively regu-
lating the expression of aldehyde dehydrogenase
2 (ALDH2). In addition, Janssen et al'® present-

6965



Z.-X. Guo, F-Z. Zhou, W. Song, L.-L. Yu, W.-J. Yan, L.-H. Yin, H. Sang, H.-Y. Zhang

ed that miRNA-214 (miR-214) played important
regulatory effects on thyroid hormone levels in
mouse following MI through thyroid-hormone in-
activating enzyme deiodinase type 3. miRNA-101
(miR-101) has been found to play regulatory roles
in various cancer formations, pulmonary tubercu-
losis and angiogenesis'"™*. In terms of cardiovas-
cular disorders, Pan et al> proved that miR-101
suppressed cardiac fibrosis after MI and promoted
left ventricular compliance through FBJ osteo-
sarcoma oncogene/transforming growth factor-f31
(FOS/TGFp1) signaling pathway. However, to our
knowledge, it is still unclear whether miR-101
plays a critical regulatory role in myocardial cells
injury in MI condition. Hypoxia will disrupt the
balance of intracellular microenvironment, leading
to the irreparable function injury of myocardial
cells and resulting in MI occurrence'®. In this
study, myocardial H9c2 cells were cultured in
hypoxia condition to induce MI cell injury model.
Then, the effects of miR-101 on hypoxia-induced
HOc2 cell viability loss, migration and invasion de-
creases, and apoptosis increase were investigated,
respectively. The possible target gene of miR-101
and the potential intracellular signaling pathasz

were also analyzed. Our finding will be
for understanding the regulatory role of m
in hypoxia-induced MI cell injury and pro
a new molecular target for therapy and diagn§
of MI.

Materials a

, Carlsbad, CA, USA)
ycin (Life Technologies,

r (Thermo Fisher Scientific,
USA). H9c2 cells were cultured
ubator with 94% N, 5 % CO, and
o O, for 24 h to induce injury.

ounting Kit-8 (CCK-8) Assay

Cell viability was measured using Cell Count-
ing Kit-8 (CCK-8, Yeasen, Shanghai, China) as-

say. Briefly, H9c2 cells were seeded into 96-well
plate (Corning Incorporated, Corning, NY, USA)
with 5 x 10% cells/well and cultured in normg

ter that, the
as recorded

Cell Transwell As.
Cell migrati
two-chamber

20% methanol and stained
violet (Beyotime Biotech-
7 China). The relative rate of
%) was quantified by numbers
migrated cells in treated group/numbers
ed cells in control group x 100%.

cell migration except that the two-chamber
transwell membrane was pre-incubated with
Matrigel (BD Bioscience, Franklin Lakes, NJ,
USA). The relative rate of cell invasion (%) was
quantified by numbers of invaded cells in treat-
ed group/numbers of invaded cells in control
group x 100%.

Apoptosis Assay

Quantification of cell apoptosis was performed
using Annexin V-FITC/PI apoptosis detection
kit and flow cytometry (Invitrogen, Carlsbad,
CA, USA) following the manufacturer’s protocol.
Briefly, H9¢c2 cells were seeded into 6-well plate
(Corning Incorporated, Corning, NY, USA) with
1x 10° cells per well and cultured in normal or
hypoxia condition for 24 h. After that, cells were
harvested and washed with phosphate-buffered
saline (PBS, Beyotime Biotechnology, Shanghai,
China) for three times. Next, cells were stained
with Annexin V-FITC (10 pl) and propidium
iodide (PI) (5 ul) for 20 min at room temperature
in the dark. The rate of cell apoptosis was deter-
mined by flow cytometry (Millipore, Billerica,
MA, USA).
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Quantitative Reverse Transcription PCR
(GQRT-PCR)

HO9c2 cells were treated with TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) and total
RNAs were extracted in line with the manufac-
turer’s instructions. For test of miR-101 levels,
the Tagman™ MicroRNA Reverse Transcription
Kit (Applied Biosystems, Foster City, CA, USA)
and Tagman Universal Master Mix Il (Applied
Biosystems, Foster City, CA, USA) were used
according to the manufacturer’s protocol. RNA
PCR Kit (AMV) Ver.3.0 (TaKaRa Biotechnolo-
gy, Dalian, China) was performed to detect the
expression levels of dimethyl adenosine transfer-
ase 1 homolog (DIMTI). The expression levels
were quantified using 244 method described
previously'. U6 acted as the internal control for
test the expression of miR-101 and GAPDH acted
as the internal control for test the expression of
DIMTI. The information of primer sequences
was as follows: miR-101 forward primer: 5’-CG-
GCGGTACAGTACTGTGATAA-3’; miR-101 re-
verse primer: 5-CTGGTGT CGTGGAGTCGG-
CAATTC-3’; DIMTI forward primer: 5’-GGCT-
GCCTTAAG ACCAACTG-3; DIMTI r
primer:  5-CGTGCCCTGAACTCTTT
U6 forward primer: 5>>TGGGGTTATACA
GAGAGGA-3’; U6 reverse primer: 5’-GTG
TACGGAGTTCAGAGGTT-3"; GAPDH for
primer: 5’-ACCAGG AAATG
GAPDH reverse primer:
CATGC CATC-3.

were regarded as
was performed

a pmirGLO vector (Promega, Madison, WI,
USA), which was referred as DIMT-mutat-

ed-type (DIMTI-mt). DIMTl-wt (DIMTI1-mt)
and miR-101 mimic were co-transfected using
lipofectamine 3000 reagent. Reporter assa
performed using the Dual-luciferase 3
tem (Promega, Madison, WI, USA
the manufacturer’s instruction.

Western Blotting
Total proteins in H9c

at. No 9508), GAPDH (Cat No 2118),
liferating C Nuclear Antigen (PCNA,
No.: 2586), Survivin (Cat No.: 2808)
Cell Signaling Technolo-
, USA). B-cell lymphoma-2
x. ab59348) Cyclin A (Cat. No.
81591) Cyclin El (Cat. No.: ab71535), Cyclin
0.: ab134175), Cyclin-dependent ki-
DK2, Cat. No.: ab32147), CDK4 (Cat.
No.: ab199728), DIMT1 (Cat. No.: ab69434) and
Specific protein 1 (Spl, Cat. No.: ab124804)
were all purchased from Abcam Biotechnology
(Cambridge, MA, USA). After that, the nitro-
cellulose membranes were co-incubated with
horseradish peroxidase (HRP)-marked second-
ary antibodies (Cat. No.: 14708 and 14709, Cell
Signaling Technology, Danvers, MA, USA) and
the protein bands were captured using Bio-Rad
ChemiDoc™ XRS system (Bio-Rad Laborato-
ries, Hercules, CA, USA), followed by adding
200 pl Immobilon Western Chemiluminescent
HRP Substrate (Pierce, Thermo Fisher Scientific
Inc., Waltham, MA, USA).

Statistical Analysis

All experiments in this research were repeated
at least three times. The results of multiple exper-
iments were presented as means + standard devi-
ation (SD). SPSS 19.0 statistical software (IBM,
Armonk, NY, USA) was performed for statistical
analyses. Student’s t-test was used for calculation
the p-value of two different groups and One-way
analysis of variance (ANOVA) with Sidak post-
hoc test was utilized for calculation the p-value
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of more than three different groups. p < 0.05 was HO9c2 cells was notably decreased after hypoxia
considered to be statistically significant. treatment (p < 0.05). Relative migration and
Results invasion of H9¢2 cells were both significantl
reduced in hypoxia treatment groug -
Cell Injury was Induced by Hypoxia IB and Figure 1C, p < 0.05). In g@ftion, af-
The effects of hypoxia induction on H9¢2 cell ter hypoxia treatment, the ratg apoptotic
viability, migration, invasion and apoptosis were cells was remarkably increased

detected. Figure 1A showed that the viability of < 0.001). Western blotting Jprese
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re 1. H9¢c2 cell injury was induced by hypoxia. Cell viability (4), migration (B), invasion (C) and apoptosis (D) after
i induction were detected using Cell Counting Kit-8 (CCK-8) assay, cell transwell assay, Annexin V-FITC/PI staining
and cytometer analysis, respectively. (E) The expression levels of Bcl-2, Bax, Caspase 3, Caspase 9 in H9¢2 cells after
hypoxia treatment were measured using Western blotting. Results of multiple experiments were expressed as means + standard
deviation (SD). Bcl-2: B-cell lymphoma-2; Bax: Bcl2-associated X. *p < 0.05, ***p < 0.001.
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expression levels of pro-apoptotic protein Bax,
cleaved-Caspase 3, and cleaved-Caspase 9 were
all up-regulated and the expression level of an-
ti-apoptotic protein Bcl-2 was down-regulated
in hypoxia induction group (Figure 1E). These
results indicated that hypoxia treatment signifi-
cantly induced H9c2 cell injury.

miR-101 Was Up-Regulated in H9c2
Cells After Hypoxia Treatment

The relative expression level of miR-101 in
HO9c¢2 cells after hypoxia treatment was measured
using qRT-PCR. As shown in Figure 2, after hy-
poxia treatment, the relative miR-101 expression
level was significantly increased in H9c2 cells (p
< 0.05), which suggested that hypoxia treatment
up-regulated the expression of miR-101 in H9¢2
cells.

Transfection Efficiencies of miR-101
Mimic and miR-101 Inhibitor

To examine the role of miR-101 in hypoxia-in-
duced H9¢2 cell injury, miR-101 mimic andggiR-
101 inhibitor were transfected into H9c3
respectively. qRT-PCR was used to confi

=101 was up-regulated in H9c2 cells after
poxia treatment. The relative expression level of miR-
in H9c2 cells after hypoxia treatment was quantified
uantitative Reverse Transcription PCR (qQRT-PCR).
of multiple experiments were expressed as means
+ standard deviation (SD). miR-101: microRNA-101. *p <
0.05.

Relative expression of miR-101

of miR-101 mimic and
he relative expression

Transcription PCR (qRT-PCR).
riments were expressed as means
D). miR-101: microRNA-101; NC:

with miR-101 mimic (p < 0.01) and remarkably
decreased after transfection with miR-101 in-
hibitor (p < 0.01). These results demonstrated
that the transfection was efficiency and could be
used for further experiments.

Effects of miR-101 on Hypoxia-Induced
H9c2 Cell Injury

miR-101 mimic and miR-101 inhibitor were
transfected into H9c¢2 cells respectively to ex-
plore the role of miR-101 in hypoxia-induced
HO9c2 cell injury. As shown in Figure 4A, com-
pared to hypoxia single treatment group, the via-
bility of H9c2 cells was remarkably decreased in
hypoxia+miR-101 mimic transfection treatment
group (p < 0.05) and significantly increased in
hypoxia+miR-101 inhibitor transfection treat-
ment group (p < 0.05). The relative migration
and invasion of H9c2 cells after transfection
with miR-101 mimic were significantly reduced
compared to single hypoxia treatment (Figure
4B and Figure 4C, p < 0.05). Transfection with
miR-101 inhibitor had an opposite effect (p
< 0.05). Moreover, hypoxia-induced H9¢2 cell
apoptosis was markedly increased by miR-101
mimic transfection (p < 0.05) and notably in-
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migration decrease (B), invasion inhibition (C), apoptosis increase (D) were analyzed
y, cell transwell assay, Annexin V-FITC/PI staining and flow cytometer analysis,

group and increased in hypoxia+miR-101 in-
hibitor treatment group. In addition, Western
blotting also showed that the expression levels
of PCNA, cyclin A, cyclin El, cyclin D1, CDK
2, CDK 4, which exerted indispensable roles in
cell cycle transition, were all down-regulated

(Figure 4E). The expression levels of Bcl-2 were after hypoxiatmiR-101 mimic treatment and
decreased in hypoxia+tmiR-101 mimic treatment up-regulated after hypoxia+miR-101 inhibitor
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treatment (Figure 4F). These above experiments
suggested that the hypoxia-induced H9c2 cell
injury was significantly exacerbated by miR-
101 overexpression and remarkably inhibited by
miR-101 suppression.

DIMT1 was a Direct Target Gene of
miR-101

The relative mRNA expression levels of
DIMT1 after transfection with miR-101 mimic or
miR-101 inhibitor were assessed using qRT-PCR.
Results showed that miR-101 mimic transfection
significantly down-regulated the expression level
of DIMT1 in H9c2 cells and miR-101 inhibitor
transfection remarkably up-regulated the expres-
sion level of DIMT1 in H9¢2 cells (Figure 5A, p
< 0.05 or p <0.01). Dual luciferase reporter assay
presented that the relative luciferase activity was
significantly decreased in cells co-transfected
with miR-101 mimic and DIMT1-wt (Figure 5B,
p < 0.05). No significant change was observed in
co-transfection with miR-101 mimic and DIMT1-
mt. These results suggested that the DIMT1 was
a direct target gene of miR-101.

DIMTT1 was Involved in the
Regulatory Roles of miR-101 in
Hypoxia-Induced H9c2 Cell Injury
si-DIMT1 was transfected into H9¢2 cell
further explore the regulatory rolg i

transfection (p < 0.01). Similar results were found
in migration and invasion assay (Figure 6B and
6C P < 0.05). In addition, si-DIMT1 transfe

iR-101 in-
ion levels of

displayed that compared to hypoxj
hibitor treatment group, the exp

creased after transf
above results im

H9c2 Cell Injury

re 7, after si-DIMT1 trans-
ion levels of Bcl-2, Spl and
eased, accompanied with the

the protective effects of miR-101 in-
down-regulating the expression of an-
ti-apoptosis proteins and up-regulating the ex-
pression of pro-apoptosis protein. These findings
suggested that DIMTI1-mediated Spl/Survivin
pathway was involved in the regulatory effects of
miR-101 in H9¢2 cells.

Relative luciferase activity

1.5
* I Scramble
I miR-101 mimic

1.0

0.5+

0.0+

WB) Dual luciferase reporter assay was used to define the targeting relationship between miR-101 and DIMT]. Results of
multiple experiments were expressed as means + standard deviation (SD). DIMT1: Dimethyladenosine transferase 1 homolog;
wt: wide type; mt: mutant type; miR-101: microRNA-101; NC: Negative control. *p < 0.05, **p < 0.01.
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uding MI" %, In this study, we investigated the
atory roles of miR-101 in the hypoxia-in-
MI cell injury model (myocardial H9c2
cell injury model). The possible target gene of
miR-101 and the potential intracellular signaling

(CCK-8) assay, cell transwell assay, Annexin V-FITC/PI staining and flow cytometer
f DIMT1 on the regulatory roles of miR-101 for expression levels of DIMT1, Bcl-2,
xia induction in H9¢2 cells were detected using Western blotting. Results of multiple
ssed as means + standard deviation (SD). DIMT1: Dimethyladenosine transferase 1 homolog; Bcl-2:
ax: Bel2-associated X; miR-101: microRNA-101; NC: Negative control. *p < 0.05, **p < 0.01.

pathways were also detected. Our results pre-
sented that hypoxia treatment remarkably led
to myocardial H9¢2 cell injury. The expression
level of miR-101 was significantly up-regulat-
ed in hypoxia-induced H9c2 cells. Knockdown
of miR-101 significantly reversed the H9c2 cell
injury induced by hypoxia as evidenced by the
cell viability, migration and invasion increases,
as well as the rate of apoptotic cells decrease.
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Figure 7. Knockdown of DIMT1 inhibited the Sp1/Survivin
pathway in hypoxia-induced H9¢c2 cell injury. The effects
of DIMT1 on the regulatory roles of miR-101 for Caspase
3, Bcl-2, Spl and Survivin expression levels in H9¢c2 cells
were analyzed using Western blotting. DIMTI1: Dimethyl
adenosine transferase 1 homolog; Bcl-2: B-cell lymphgma-2;
Spl: Specific protein 1; miR-101: microRNA-101.

DIMT1 was a direct target gene of miR-
which was involved in the reg

Knockdown of DIMTI
protective effects of mi
ia-induced cell injur

in which L-type Ca," channels
hannels are present?.

Frizzled-2 attenuated hypox-
2 accumulation in rat H9c2 cells.
“proved that cyclosporine A protect-
d HO9c2 cells against chemical hypoxia-induced
via inhibition of mitogen-activated protein
W (MAPK) signaling pathway. These above
researches indicate that H9¢2 was a good cell
model for explores the newly therapeutic target

or mechanism of MI. In this research, the via-
bility, migration and invasion of H9¢2 cells were
dramatically reduced after hypoxia treat

creased after hypoxia treatment,
that the myocardial cell injur
by hypoxia was establishe
different miRNAs have di

ased or decreased the” expression levels of
-101 in H9c2ggells. Hypoxia-induced H9c2
injury was kedly exacerbated by miR-
igland remarkably inhibited by
on. These results were quite
e previous studies, which point-
out that miR-208, miR-34a, miR-24, miR-16
ulated in patients with MI and played
regulation effects on various biologi-
cal processes in myocardial cells®*'**. However,
miR-1, miR-133a, and miR-29 were down-reg-
ulated in patients with MI***. These findings
implied that numerous miRNAs participated in
the regulation of MI pathological process, which
worked together to from a complicated regulatory
network in myocardial cells. To further analyze
the potential molecular mechanism of miR-101
on hypoxia-induced myocardial cell injury, we
defined DIMT1 to be the direct target gene of
miR-101 as evidenced by the negative relation-
ship between miR-101 and DIMTI in H9¢c2 cells
and the relative luciferase activity decrease after
co-transfection with miR-101 mimic and DIMT1-
wt. As 18S rRNA base methyltransferase, DIMT1
participates in the regulation of the expression
levels of ribosomal proteins in cells*. Tkeda et
al’’ presented that DIMT1 was involved in the
regulation effects of miR-210 on multiple myelo-
ma in hypoxia condition. Liu et al*® demonstrated
that DIMT1 overexpression correlated with the
progression and prognosis in gastric carcinoma.
In our research, compared to hypoxia+miR-101
inhibitor treatment, the H9¢2 cell viability, mi-
gration and invasion were markedly decreased
but cell apoptosis was significantly increased
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