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MicroRNA-9 facilitates hypoxia-induced injury and apoptosis
in H9c2 cells via targeting CDK8
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Hypoxia plays an important role in many heart diseases. MicroRNA-9 (miR-9) has been reported to be
involved in hypoxia-induced cell proliferation, injury and apoptosis in cardiomyocytes. However, the underlying mechanism still remains poorly understood. The expression levels of miR-9 and cyclin-dependent kinase
8 (CDK8) were detected by quantitative real-time polymerase chain reaction (qRT-PCR). The relative protein
expression was measured by Western blot. 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT), lactate dehydrogenase (LDH) measurement, ﬂow cytometry assays were conducted to detect cell
proliferation, the release of LDH and cell apoptosis, respectively. The potential relationship between miR-9 and
CDK8 was predicted by online database, and conﬁrmed by dual-luciferase reporter assay. We found that miR-9
was increased, while CDK8 was decreased in hypoxia-treated H9c2 cells. miR-9 down-regulation or CDK8
up-regulation promoted cell proliferation, while repressed cell damage and apoptosis in hypoxia-induced H9c2
cells. Moreover, CDK8 was identiﬁed to be target of miR-9, and CDK8 knockdown could reverse the effects of
miR-9 inhibitor on cell proliferation, damage and apoptosis in hypoxia-treated H9c2 cells. Besides, miR-9
could regulate the Wnt/b-catenin pathway by targeting CDK8 in hypoxic-induced H9c2 cells. In conclusion,
miR-9 repressed cell proliferation and promoted cell damage and apoptosis by binding to CDK8 through the
Wnt/b-catenin pathway in hypoxic-induced H9c2 cells, which provided a new direction for further studying the
treatment of hypoxia-aroused heart diseases.
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1. Introduction
Myocardial anoxia refers to insufﬁcient supply of
myocardial oxygen and reduction of metabolites
clearance, caused by coronary blood ﬂow decrease
(Michele et al. 2013). Hypoxia-induced heart diseases
are often accompany by discomfort or pain in the
precordial area or myocardial necrosis, arrhythmia,
heart failure and even shock (So et al. 2016). Various
studies revealed that hypoxic injury was intimately
associated with cardiomyocytes apoptosis and
http://www.ias.ac.in/jbiosci

abnormal proliferation, which were regulated by ectopic expression of multiple molecular factors, such as
miRNAs, reactive oxygen species (ROS) and proteins
(Adachi et al. 2001; Dong et al. 2012; Penna et al.
2009). Therefore, exploring the mechanism of hypoxiainduced myocardial injury is meaningful to prevent
cardiomyocytes from diseases, such as coronary heart
disease, which may also provide clues for the diagnosis
or treatment of such diseases.
MicroRNAs (miRNAs) are single-stranded noncoding RNAs with 18–25 nucleotides in length and

16

Page 2 of 11

Pengcheng Dou et al.

related to the pathophysiology of multiple diseases
through restraining translation or degrading target
messenger RNAs (mRNAs) in a combined way in
30 untranslated region (30 UTR) of mRNAs (Ambros
2004). miRNAs were reported to be involved in the
occurrence and development of coronary heart diseases. For example, miR-361 was declined in the
injured heart tissues of mice suffered myocardial
ischemia-reperfusion (MI-R) and targeted Bax to
exert the inhibitive effect on cardiomyocytes apoptosis (Xie et al. 2019). A previous study suggested
that miR-29b-3p was also notably down-regulated in
hypoxia-cultured AC16 cells, and miR-29b-3p promoted cell proliferation and inhibited cell apoptosis
via repressing TNF receptor-associated factor 5
(TRAF5) expression in hypoxia-cultured cells (Cai
and Li 2019). It has been reported that miR-9-5p
inhibitor could function as a cellular protector in
infarcted cardiomyocytes to against hypoxia-induced
injury by targeting Follistatin-like 1 (Fstl1) (Xiao
et al. 2019). However, the regulatory mechanism of
miR-9 in hypoxic cardiomyocytes still needs to be
further explored.
Cyclin-dependent kinase 8 (CDK8) has been proved
as an initiator of the DNA synthesis process and a key
regulator of cell cycle and cellular transcription,
thereby playing a pivotal role in cell proliferation and
differentiation (Köhler et al. 2019). The aberrance of
CDK8 usually accelerated the cell cycle process in
malignant tumors, such as colorectal cancer (He et al.
2013), gastric cancer (Song et al. 2014), breast cancer
(Song et al. 2019) and malignant melanoma (Kapoor
et al. 2010). It has been reported that up-regulation of
CDK8 expression promoted tumor progression by
affecting the transcriptional program of hypoxia-inducible factor 1alpha (HIF1A) to mediate cellular
response to hypoxia (Galbraith et al. 2013). In particular, a recent study demonstrated that CDK8 was
associated with the disruption of cardiac homeostasis,
and up-regulation of CDK8 was observed in both
failing human hearts and murine cardiomyocytes (Hall
et al. 2017). However, the relationship between CDK8
and hypoxia-induced injury in cardiomyocytes has still
not been entirely described.
Herein, we quantiﬁed the expression levels of miR-9
and CDK8 in hypoxia-cultured H9c2 cells. Furthermore, the functional roles of miR-9 and CDK8 in
hypoxia-induced H9c2 cell proliferation, damage and
apoptosis were investigated.

2. Materials and methods
2.1 Incubation and hypoxia treatment of H9c2
cells
H9c2 cardiomyocytes were bought from American
Type Culture Collection (ATCC, Manassas, VA,
USA). H9c2 cells were cultured in Dulbecco’s
modiﬁed Eagle’s medium (DMEM; Invitrogen,
Carlsbad, CA, USA) mixed with 10% fetal bovine
serum (FBS; Invitrogen) and 1% penicillin/streptomycin (Invitrogen) at 37°C with 5% CO2. An Invivo200 cultivator (Ruskin Technology Ltd.,
Bridgend, UK) with 1% O2 was employed for
incubating hypoxia-induced H9c2 cells for different
time (0, 24, 48, and 72 h).

2.2 Quantitative real-time polymerase chain
reaction (qRT-PCR)
Total RNA was isolated from H9c2 cells by Trizol
reagent using the miRNeasy Mini kit (Qiagen Inc.,
Valencia, CA, USA) according to the manufacturer’s instructions. EonTM Microplate Spectrophotometer (BioTek Instruments, Inc., Winooski,
VT) was applied for the quantity analysis of RNA.
The synthesis of complementary DNA (cDNA)
from extracted total RNA was performed by using
One Step PrimeScript miRNA cDNA synthesis kit
(Takara Bio Inc., Dalian, China) with the experimental condition at 37°C for 60 min and 85°C for
5 s. Then, PCR was carried out using SYBRÒ
Premix Ex TaqTM II (Takara) on a MiniOpticon TM
(Bio Rad, Hercules). The expression levels of miR9 and CDK8 were calculated by the conventional
2-DDCt method with normalization to housekeeping
gene glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) and endogenous U6 small nuclear RNA
(U6-snRNA). The forward and reverse primers
sequences
were
listed
accordingly:
50 0
and
50 GCCCGCTCTTTGGTTATCTAG-3
CTCGCTTCGGCAGCACA-30 for miR-9; 50 and
50 GACTATCAGCGTTCCAATCCAC-30
0
TAGCTGAGTATCCCATGCTGC-3 for CDK8; 50 and
50 TATGACTCTACCCACGGCAAGT-30
ATACTCAGCACCAGCATCACC-30 for GAPDH;
TCGTGAAGCGTTC-30
and
50 50 -GCGCG
0
GTGCAGGGTCCG AGGT-3 for U6.
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2.3 Western blot assay
At 48 h after transfection, cells were collected and
lysed by NP-40 buffer (Beyotime, Shanghai, China).
BCA Protein Assay Kit (Pierce, Rockford, IL, USA)
was used to quantify the protein concentrations.
Then, proteins were separated by 12% Sodium
dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto polyvinylidene
ﬂuoride (PVDF) membranes (Millipore, Billerica,
MA, USA). At room temperature, 5% skimmed milk
powder was utilized to block membranes for 2 h.
Subsequently, the membranes were incubated with
diluted primary antibodies (1:500 for b-catenin,
E2F1, c-Myc, and cyclinD1, CDK8, 1:2000 for
GAPDH, Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA) overnight at 4°C. The membranes
were washed using phosphate saline tween buffer
(PBST) and then the corresponding secondary antibody (Rockland, Gilbertsville, Pennsylvania, US)
was added. After incubation for 2 h, the enhanced
luminol based chemiluminescence (ECL, Pierce) was
added dropwise to cover the hybridization membranes in the gel imager (Bio-Rad) for imaging and
analyzed by Quantity One software.
2.4 Cell transfection
The experimental vectors included miR-9 mimic/inhibitor and the paired controls (miR-NC/anti-miR-NC
mimic), and CDK8 expression plasmid (pcDNACDK8) and the paired vector were constructed by
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GenePharma Co., Ltd. (Shanghai, China). Cells were
cultured under hypoxia or normoxia condition for 72 h,
and then cell transfection was performed using Lipofectamine 2000 reagent (Invitrogen). Cells were cultivated for 48 h after transfection for subsequent
analyses.
2.5 Cell proliferation assay
H9c2 cells (3000 cells/100 lL/well) were seeded in
96-well plate and cultured under hypoxia condition for
24 h, 48 h, or 72 h. Then, 4-5-dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide (MTT) solution (30
lL/well) was added into cells and incubated for another
4 h. Subsequently, 100 lL/well of Dimethyl sulfoxide
(DMSO) was added. The absorbance was detected by a
microplate reader (Bio-Rad, Hercules, California,
USA) at 490 nm.
2.6 Flow cytometry analysis
Detection of cell apoptosis was conducted according to
the manufacturer’s instructions of Annexin V-ﬂuorescein isothiocyanate (FITC)/propidium iodide (PI)
Apoptosis Detection Kit (Immunotech, Marseille,
France). Cells were washed and centrifuged, and
19106 cells were re-suspended in binding buffer. 5 lL
Annexin V-FITC and 15 lL PI were used to stain cells
for 15 min in dark. FACScan ﬂow cytometer (Becton
Dickinson, San Jose, CA, USA) was used to quantify
the apoptosis rates.

Figure 1. miR-9 was elevated, while CDK8 was reduced in hypoxia-treated H9c2 cells. (A-C) H9c2 cells were exposed to
hypoxia for 0 h, 24 h, 48 h, and 72 h. (A) miR-9 expression in hypoxia-treated H9c2 cells was quantiﬁed by qRT-PCR (n=3).
(B) CDK8 expression in hypoxia-treated H9c2 cells was quantiﬁed by qRT-PCR (n=3). (C) CDK8 protein expression in
hypoxia-treated H9c2 cells was analyzed by Western blot assay (n=3). *P\0.05.
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2.7 Dual-luciferase reporter assay

2.8 Lactate dehydrogenase (LDH) measurement

Targetscan online database predicted that there are the
binding sites between miR-9 and 30 UTR of CDK8.
Wild type sequences of CDK8 30 UTR (wild type, WT)
and mutant type of CDK8 (MUT-CDK8) were synthesized and cloned into a pGL3 luciferase reporter
plasmids by Promega (Madison, MI, USA). The constructed reporter vectors were co-transfected into
hypoxia-cultured H9c2 cells with miR-9 or miR-NC
mimic for 48 h using LipofectamineÒ 2000. A DualLuciferase Reporter Assay System (Promega) was used
to detect the relative luciferase activities.

The hypoxic damage of H9c2 cells was measured by
detecting LDH release in the supernatant of cells using a
Cytotoxicity Detection Kit (LDH) (Roche Applied Science, Indianapolis, IN, USA). The speciﬁc steps were
assorted with the manufacturer’s protocol. After centrifugation for 2 min, the supernatants (50 lL) of transfected
cells were removed into new wells, and the relative LDH
release was calculated as the percentage of total cellular
LDH release (obtained from cells treated with 0.2% Triton
X-100). The optical density (OD value) at 530 nm was
detected by a microplate reader (Bio-Rad, Hercules).

Figure 2. miR-9 down-regulation reversed hypoxia-induced effects on H9c2 cells. (A) qRT-PCR was used to measure miR9 expression in H9c2 cells transfected with anti-miR-9 or anti-miR-NC mimic (n=3). (B-E) H9c2 cells were treated with
normoxia, hypoxia, hypoxia ? anti-miR-NC, or hypoxia ? anti-miR-9. (B) Cell proliferation was detected by MTT assay.
(C) The LDH release was detected by a Cytotoxicity Detection Kit (n=3). (D) Flow cytometry was performed to assess cell
apoptosis (n=3). (E) The protein expression of cell apoptosis-associated proteins (Bax, Bcl-2 and cleaved-Caspase-3) was
quantiﬁed by Western blot assay (n=3). *P\0.05.
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2.9 Statistical analysis
SPSS software v.19.0 and GraphPad Prism software
v.5.0 were utilized to carry out statistical analysis. Data
from at least 3 independent experiments were shown as
mean ± standard deviation (SD). Student’s t-test or one
way ANOVA was applied to analyze the statistical
difference of groups, and P-value less than 0.05 was
considered as statistical difference.
3. Results
3.1 miR-9 was elevated, while CDK8 was declined
in hypoxia-induced H9c2 cells
H9c2 cells were exposed to hypoxia for 0 h, 24 h, 48
h, and 72 h, and the levels of miR-9 and CDK8 were
quantiﬁed by qRT-PCR, and we found that miR-9
was time-dependently increased in H9c2 cells with
hypoxia exposure (ﬁgure 1A). The mRNA and protein expression of CDK8 were notably declined in
hypoxia-induced H9c2 cells (ﬁgure 1B and C). All
results suggested that hypoxia treatment induced
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miR-9 up-regulation and CDK8 down-regulation in
H9c2 cells.
3.2 Down-regulation of miR-9 reversed hypoxiatriggered repression on cell growth and promotion
of cell damage and apoptosis in H9c2 cells
To explore the role of miR-9 in hypoxia-induced H9c2
cells, hypoxia-induced H9c2 cells were transfected with
anti-miR-NC or anti-miR-9. As shown in ﬁgure 2A,
miR-9 expression was remarkably repressed by miR-9
inhibitor. MTT assay indicated that hypoxia treatment
inhibited cell proliferation, while miR-9 inhibitor promoted cell proliferation in hypoxia-induced H9c2 cells
(ﬁgure 2B). Then, cell damage induced by hypoxia was
evaluated by detecting the release of LDH. Our data
showed that the relative LDH release in cell supernatant
was notably increased in H9c2 cells treated with
hypoxia, which was suppressed by miR-9 inhibitor
(ﬁgure 2C). Then, ﬂow cytometry was used to determine
cell apoptosis. The results indicated that hypoxia
increased cell apoptosis, while miR-9 inhibitor blocked
this promotion effect in H9c2 cells (ﬁgure 2D). Next,

Figure 3. CDK8 overexpression reversed the effects of hypoxia on H9c2 cells. (A and B) CDK8 mRNA and protein
expression were severally detected by qRT-PCR and Western blot assay in H9c2 cells transfected with CDK8 expression
vector or matched control vector or none (n=3). (C-F) H9c2 cells were treated with normoxia, hypoxia, hypoxia ? vector and
hypoxia ? CDK8, respectively. (C) MTT assay was conducted to detect cell proliferation (n=3). (D) The effects between
hypoxia treatment and CDK8 overexpression on LDH release were determined by Cytotoxicity Detection Kit (n=3). (E)
Flow cytometry was used to investigate cell apoptosis (n=3). (F) The protein expression of Bax, Bcl-2 and cleaved-Caspase-3
was determined by Western blot assay (n=3). *P\0.05.
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cell apoptosis-related protein (Bcl-2, Bax, and Caspase3) expression was detected in H9c2 cells. Bcl-2 exerted
anti-apoptotic effect by blocking the synthesis and
release of mitochondrial Cyt-C, thereby prolonging cell
life (Birkinshaw and Czabotar 2017). Bax, a pro-apoptotic protein, formed into the protein dimer with Bcl-2 to
regulate the endogenous mitochondrial apoptotic pathway, which was also characterized by activation of
Caspase-3 (Chu-Chiao and Bratton 2013). Our data
indicated that Bax and cleaved-Caspase-3 were
increased, while Bcl-2 was declined in hypoxia-induced
H9c2 cells, which were overturned by miR-9 inhibitor
(ﬁgure 2E). All data demonstrated that miR-9 inhibitor
alleviated hypoxia-induced injury in H9c2 cells.
3.3 Overexpression of CDK8 abolished hypoxiatriggered repression of cells growth and promotion
of damage and apoptosis in H9c2 cells
To reveal the regulatory role of CDK8 in hypoxia-induced cell injury, hypoxia-treated H9c2 cells were

transfected with vector or CDK8. CDK8 expression at
both the mRNA and protein levels were distinctly
upregulated in H9c2 cells transfected with CDK8 vector
(ﬁgure 3A and B). As shown in ﬁgure 3C, overexpression of CDK8 clearly promoted cell growth in hypoxiatreated H9c2 cells. Moreover, the release of LDH elevated
by hypoxia was declined by CDK8 up-regulation in
hypoxia-treated H9c2 cells (ﬁgure 3D). Additionally,
ﬂow cytometry and Western blot assay indicated that cell
apoptosis induced by hypoxia was inhibited by CDK8
overexpression in hypoxia-treated H9c2 cells (ﬁgure 3E
and F). Overall, CDK8 overexpression weakened
hypoxia-induced injury in H9c2 cells.
3.4 MiR-9 was associated with CDK8 in H9c2
cells
TargetScan online software predicted that miR-9 bound
to 30 UTR of CDK8 (ﬁgure 4A). Moreover, the luciferase activity was remarkably declined after co-transfection of WT-CDK8 reporter vector and miR-9 in

Figure 4. MiR-9 bound to CDK8 in H9c2 cells. (A) The binding sequence of miR-9 in the 30 -UTR of CDK8 and its mutant
containing altered nucleotides in the 30 -UTR. (B) Luciferase reporter assay was applied to detect the luciferase activity of
H9c2 cells co-transfected with WT-CDK8 or MUT-CDK8 reporter vectors and miR-NC or miR-9 mimic (n=3). (C) The
expression of miR-9 was determined by qRT-PCR in H9c2 cells (n=3). (D and E) CDK8 expression at both the mRNA and
protein levels in H9c2 cells transfected with anti-NC, anti-miR-9, miR-NC, or miR-9 were quantiﬁed by qRT-PCR and
Western blot assay, respectively (n=3). *P\0.05.
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Figure 5. CDK8 knockdown blocked the effects of miR-9 inhibitor on cell proliferation, damage and apoptosis in hypoxiainduced H9c2 cells. (A-D) Hypoxia-cultured H9c2 cells were transfected with anti-miR-NC, anti-miR-9, anti-miR-9 ? si-NC
and anti-miR-9 ? si-CDK8, respectively. (A) MTT assay was used to detect cell proliferation (n=3). (B) Relative LDH
release in supernatant was measured (n=3). (C) Flow cytometry (Annexin V-FITC and PI double staining assay) was
conducted to detect cell apoptosis (n=3). (D) Relative protein expression of Bax, Bcl-2 and cleaved-Caspase-3 was detected
by Western blot assay (n=3). *P\0.05.

H9c2 cells, but not changed in MUT-CDK8 group
(ﬁgure 4B). Furthermore, qRT-PCR data presented that
miR-9 expression was apparently upregulated in H9c2
cells transfected with miR-9 mimic (ﬁgure 4C), suggesting the synthesized miR-9 mimic was effective in
increasing miR-9 expression. We found that both the
mRNA and protein levels of CDK8 were signiﬁcantly
increased by miR-9 inhibitor and markedly reduced by
miR-9 overexpression in H9c2 cells (ﬁgure 4D). In a
word, CDK8 was associated with miR-9.

3.5 miR-9 inhibitor alleviated hypoxia-induced
injury in H9c2 cells by targeting CDK8
To explore the regulatory mechanism of miR-9 and
CDK8 in hypoxia-treated H9c2 cells, hypoxia-treated

H9c2 cells were transfected with anti-miR-NC,
anti-miR-9, anti-miR-9 ? si-NC and anti-miR-9 ? siCDK8, respectively. MTT assay manifested that miR-9
inhibitor promoted cell proliferation in hypoxia-incubated H9c2 cells, whereas this effect was reversed after
CDK8 silencing (ﬁgure 5A). However, the relative
LDH release inhibited by hypoxia was abolished by
CDK8 knockdown (ﬁgure 5B). In addition, we also
uncovered that CDK8 knockdown could notably
reverse the inhibition effect of miR-9 inhibitor on
cell apoptosis (ﬁgure 5C and D). Besides, our data
showed that the promotion effect of miR-9 inhibitor on cell proliferation and the inhibition effects
of miR-9 inhibitor on cell damage and apoptosis in
hypoxia-treated H9c2 cells were aggravated by
CDK8 overexpression (ﬁgure 6A-D). In short,
miR-9 regulated cell proliferation, damage and
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Figure 6. CDK8 overexpression aggravated the effects of miR-9 inhibitor on cell proliferation, cell damage and apoptosis
in hypoxia-induced H9c2 cells. (A-D) Hypoxia-treated H9c2 cells were transfected with anti-miR-NC, anti-miR-9, anti-miR9 ? vector and anti-miR-9 ? CDK8, respectively. (A) Cell proliferation was measured by MTT assay (n=3). (B) Relative
LDH release in supernatant was detected by Cytotoxicity Detection Kit (n=3). (C) Cell apoptosis was determined by ﬂow
cytometry (n=3). (D) Bax, Bcl-2 and cleaved-Caspase-3 expression were detected by Western blot assay (n=3). *P\0.05.

apoptosis via targeting CDK8 in hypoxia-treated
H9c2 cells.
3.6 miR-9 regulated the Wnt/b-catenin pathway
by targeting CDK8 in hypoxia-cultured H9c2 cells
CDK8 was also reported as a target regulator of
wogonin-mediated cell proliferation arrest through
activating Wnt/b-catenin signaling pathway (He et al.
2013). E2F1, c-Myc and cyclinD1 were well known as
pivotal factors of the Wnt/b-catenin pathway (Abramova et al. 2010; Morris et al. 2008; Wang et al. 2011;
Wu et al. 2011). Thus, the Wnt/b-catenin pathway
associated proteins (b-catenin, E2F1, c-myc and
CyclinD1) were quantiﬁed for further investigation of
the underlying mechanism of CDK8 in hypoxia-

incubated H9c2 cells. Our results showed that miR-9
inhibitor decreased E2F1 expression and increased bcatenin, c-myc and CyclinD1 expression in hypoxiaincubated H9c2 cells, while these effects were abolished by CDK8 knockdown (ﬁgure 7). Our ﬁndings
suggested that miR-9 inhibitor regulated cell proliferation, damage and apoptosis in hypoxia-treated H9c2
cells through the Wnt/b-catenin pathway by targeting
CDK8.
4. Discussion
In the present study, our data showed
expression was obviously increased and
signiﬁcantly decreased in hypoxia-treated
Moreover, down-regulation of miR-9

that miR-9
CDK8 was
H9c2 cells.
effectively
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Figure 7. miR-9 regulated the Wnt/b-catenin pathway in hypoxia-cultured H9c2 cells by targeting CDK8. The expression
levels of b-catenin, E2F1, c-myc and CyclinD1 were analyzed by Western blot assay in hypoxia-cultured H9c2 cells
transfected with anti-miR-NC, anti-miR-9, anti-miR-9 ? si-NC, or anti-miR-9 ? si-CDK8 (n=3). *P\0.05.

promoted cell proliferation and suppressed the damage
and apoptosis in hypoxia-treated H9c2 cells. Furthermore, we ﬁrst found the target correlation between
miR-9 and CDK8. In addition, CDK8 absence could
reverse the effects of miR-9 inhibitor on hypoxiatreated H9c2 cells by regulating the Wnt/b-catenin
pathway, which might provide an attractive therapy to
prevent myocardial injury from chronic hypoxia by
miR-9 repression.
Multiple studies manifested that miR-9 was involved
in cell proliferation, apoptosis and chemotherapy or
radiotherapy sensitivity in types of tumors. Meanwhile,
the pathophysiology of heart diseases was also associated with miRNAs, which participated in embryonic
cardiovascular development (Chen and Wang 2012).
Prince et al reported that miR-9 suppressed cardiomyocytes pyroptosis caused by the hyperglycemia
by regulating ELAVL1 expression (Jeyabal et al.
2016). Recent studies demonstrated that miR-9 exerted
the pro-apoptotic function by directly regulating Yesassociated protein 1 (Yap1) expression in hypoxiacultured H9c2 cells (Zheng et al. 2019). The adequate
oxygen supply plays a vital role in maintaining the
rhythmic contraction and relaxation of the human heart.
Moreover, cardiomyocytes were sensitive to hypoxia,
and the proliferation of cardiomyocytes was slowed
down under hypoxia, which could cause cell damage
and apoptosis. In our study, we found that hypoxia
suppressed cell proliferation, ad induced cell damage
and apoptosis in H9c2 cells, while miR-9 inhibitor
could alleviate hypoxia-induced injury in H9c2 cells.
Based on TargetScan online database and luciferase
reporter assay, we discovered that miR-9 bound to

30 UTR of CDK8, which was served as a novel target of
miR-9. Moreover, the results elucidated that CDK8
expression was negatively regulated by miR-9 in H9c2
cells. We also found that CDK8 expression was clearly
decreased in H9c2 cells exposed to hypoxia, which was
in line with the report of Jiao et al (Jiao et al. 2018).
Accumulating evidences suggested that CDK8 was a
critical factor for differentiation and development of
yeast and mammalian cells and targeting CDK8 might
be effective in solid tumor treatment (Donner et al.
2010; Menzl et al. 2019; Rzymski et al. 2017). Other
investigators also corroborated that CDK8 might be
activated by mutated K-ras via Wnt/b-catenin signaling
pathway, resulting in the stimulation of epithelial-tomesenchymal transition (EMT) and promotion of
tumor growth in pancreatic cancer in vivo (Wei et al.
2015). In this study, CDK8 silencing evidently blocked
miR-9 inhibitor-mediated effects on cell proliferation,
damage and apoptosis in hypoxia-induced H9c2 cells.
Furthermore, miR-9 inhibitor obviously elevated the
expression levels of b-catenin, c-Myc, and cyclinD1
and declined the expression level of E2F1, which were
reversed by CDK8 knockdown. All data indicated that
CDK-8 knockdown overturned the miR-9 inhibitormediated function partly via regulating the Wnt/bcatenin pathway in hypoxia-cultured H9c2 cells.

5. Conclusion
Hypoxia treatment increased miR-9 expression, while
decreased CDK8 expression in H9c2 cells. And miR-9
was identiﬁed to negatively regulate the expression of
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CDK8. MiR-9 inhibitor or CDK8 overexpression
alleviated the hypoxia-induced damage in H9c2 cells.
Moreover, CDK8 knockdown reversed miR-9 inhibitor-mediated effects in hypoxic H9c2 cells through
regulating the Wnt/b-catenin signaling pathway, which
implied a promising therapeutic strategy for hypoxic
heart diseases by altering miR-9/CDK8/Wnt/b-catenin
regulatory axis.
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