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Downregulation of miR-200c protects cardiomyocytes
from hypoxia-induced apoptosis by targeting GATA-4
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Abstract. Hypoxia-induced cardiomyocyte apoptosis plays an
important role in the development of ischemic heart disease.
MicroRNAs (miRNAs or miRs) are emerging as critical
regulators of hypoxia-induced cardiomyocyte apoptosis.
miR-200c is an miRNA that has been reported to be related
to apoptosis in various pathological processes; however, its
role in hypoxia-induced cardiomyocyte apoptosis remains
unclear. In the present study, we aimed to investigate the
potential role and underlying mechanism of miR-200c in
regulating hypoxia-induced cardiomyocyte apoptosis. We
found that miR-200c was significantly upregulated by hypoxia
in cardiomyocytes, as detected by reverse transcription-quan-
titative polymerase chain reaction (RT-qPCR). The lactate
dehydrogenase, MTT, Annexin V/propidium iodide apoptosis
and caspase-3 activity assays showed that downregulation of
miR-200c markedly improved cell survival and suppressed
the apoptosis of cardiomyocytes in response to hypoxia.
Bioinformatics analysis and the dual-luciferase reporter assay
demonstrated that miR-200c directly targeted the 3'-untrans-
lated region of GATA-4, an important transcription factor for
cardiomyocyte survival. RT-qPCR and western blot analysis
showed that suppression of miR-200c significantly increased
GATA-4 expression. Furthermore, downregulation of miR-
200c upregulated the expression of the anti-apoptotic gene
Bcl-2. However, the protective effects against hypoxia induced
by the downregulation of miR-200c were significantly abol-
ished by GATA-4 knockdown. Taken together, our results
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suggest that downregulation of miR-200c protects cardiomyo-
cytes from hypoxia-induced apoptosis by targeting GATA-4,
providing a potential therapeutic molecular target for the treat-
ment of ischemic heart disease.

Introduction

Ischemic heart disease represents one of the leading causes
of death worldwide and has increased in incidence and preva-
lence in recent years (1). The mitochondria in cardiomyocytes
are damaged in response to ischemia and hypoxia, leading to
excessive apoptosis (2). The cardiomyocyte loss induced by
apoptosis contributes to the development of ischemic heart
disease (3,4). Currently, an effective method for overcoming
hypoxia-induced cardiomyocyte apoptosis is still lacking, due
to the elusiveness of the underlying mechanism. Therefore, it
is of great importance to gain a better understanding of the
molecular mechanism underlying hypoxia-induced cardio-
myocyte apoptosis, which may help to provide potential
therapeutic approaches.

MicroRNAs (miRNAs or miRs) are a subset of endog-
enous, short and non-coding RNAs that negatively modulate
gene expression (5,6). miRNAs can impact the 3'-untranslated
region (3-UTR) of target mRNAs, inducing mRNA degrada-
tion and translation inhibition (5,6). Through modulation of
gene expression in a post-transcriptional manner, miRNAs
participate in various biological processes, including cell prolif-
eration and apoptosis (7). A growing body of evidence suggests
that miRNAs are involved in ischemic heart disease (4,8.,9),
and they have been emerging as a new therapeutic strategy for
this disease (10,11). Targeting specific miRNAs has produced
promising effects in inhibiting hypoxia-induced cardiomyo-
cyte apoptosis (12-15). However, the precise effect of miRNAs
on hypoxia-induced cardiomyocyte apoptosis requires further
investigation.

GATA-4, a zinc-finger transcription factor, has been found
to be an important regulator in cardiac development (16,17).
GATA-4 mediates cardiac hypertrophy by activating various
genes including a-myosin heavy chain, f-myosin heavy
chain, myosin light chains, troponin I, troponin C and atrial
natriuretic factor (18-20). Various hypertrophic stimuli, such
as endothelin-1 and o-adrenergic agonist, can activate the
expression of GATA-4 in cardiomyocytes (21,22). GATA-4
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also plays a critical role in regulating anti-apoptotic signaling
in cardiomyocytes in response to hypoxic injury and myocar-
dial ischemia or reperfusion injury (23,24). GATA-4 inhibits
doxorubicin-induced cardiomyocyte apoptosis by activating
the anti-apoptotic gene, Bcl-2, in vitro and in vivo (23).
GATA-4 has been suggested as a promising therapeutic target
for the treatment of ischemic heart disease (25,26).

miR-200c has been found to be an apoptosis-related
miRNA in various pathological processes (27,28) and incre-
ases in the gracilis muscle following ischemic injury (29).
After ischemic preconditioning or focal cerebral ischemia,
miR-200c was upregulated in the ischemic cortex (30). Inhi-
bition of miR-200c was found to attenuate infarct volume and
neurologic deficits in mice following cerebral ischemia (31).
However, the role of miR-200c¢ in ischemic heart disease is
unclear. In this study, we aimed to investigate the potential role
of miR-200c in ischemic heart disease using an in vitro model.
We found that miR-200c was highly upregulated in cardio-
myocytes exposed to hypoxia. Downregulation of miR-200c
by transfection of an miR-200c inhibitor significantly reduced
hypoxia-induced cardiomyocyte apoptosis and improved cell
survival. Importantly, GATA-4 was identified as the target
gene of miR-200c in cardiomyocytes. Downregulation of
miR-200c increased the expression of GATA-4 and Bcl-2 in
cardiomyocytes in response to hypoxia. Taken together, our
results suggest that downregulation of miR-200c protects
cardiomyocytes from hypoxia-induced apoptosis by targeting
GATA-4, providing a potential therapeutic molecular target
for the treatment of ischemic heart disease.

Materials and methods

Cell cultures. Rat cardiomyocyte cell line H9c2 and
293T cells were both purchased from the American Type
Culture Collection (ATCC; Manassas, VA, USA). Cells were
grown in Dulbecco's modified Eagle's medium (DMEM)
containing 10% fetal bovine serum (FBS) (both from Gibco,
Rockville, MD, USA) and 1% penicillin-streptomycin
solution (Sigma-Aldrich, St. Louis, MO, USA). Cells were
routinely cultured in a humidified incubator containing
5% CO, at 37°C. For the induction of hypoxia, H9¢c2 cells
were grown in a hypoxia chamber containing 94% N,,
5% CO, and 1% O, at 37°C.

Cell transfection. The miR-200c mimics, miR-200c inhi-
bitor and negative controls (NCs) were all purchased from
GenePharma (Shanghai, China) and transfected into cells
using Lipofectamine 2000 (Invitrogen Life Technologies,
Carlsbad, CA, USA), following the manufacturer's instruc-
tions. The GATA-4 siRNA and NC siRNA were both
purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA, USA) and transfected into cells according to the manu-
facturer's instructions.

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR). Total RNA was extracted using TRIzol
reagent (Invitrogen Life Technologies) and reverse transcribed
into cDNA using M-MLV Reverse Transcriptase
(BioTeke Co., Ltd., Beijing, China) or TagMan MicroRNA
Reverse Transcription kit (Applied Biosystems, Foster City,
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CA, USA). The cDNA was used as the template for RT-qPCR
with SYBR-Green PCR Master Mix and appropriate primers
on 7900HT Fast Real-Time PCR system (both from Applied
Biosystems). U6 was used as the internal control for normal-
ization of miR-200c. [3-actin was used as the internal control
for normalization of GATA-4 and Bcl-2. Relative gene expression
was calculated by the 2224 method. The primer sequences
used in the experiments were as follows: miR-200c forward,
5'-GTAATACTGCCGGGTAATGATGGA-3' and reverse,
5-GTGCAGGGTCCGAGGT-3"; U6 forward, 5'-GCGCG
TCGTGAAGCGTTC-3' and reverse, 5'-GTGCAGGGTCCG
AGGT-3"; GATA-4 forward, 5'-GTGCCAACTGCCAGA
CTACC-3'andreverse,5'-AGCCTTGTGGGGACAGCTTC-3,
Bcl-2 forward, 5-AGTTCGGTGGGGTCATGTGTG-3' and
reverse, 5'-CCAGGTATGCACCCAGAGTG-3'; B-actin
forward, 5" TCAGGTCATCACTATCGGCAAT-3"and reverse,
5-AAAGAAAGGGTGTAAAACGCA-3.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. Cell viability was assessed using the MTT colo-
rimetric assay. In brief, the cells were seeded in 96-well plates
at 2x10* cells/well and cultured overnight. The cells were trans-
fected with the miR-200c inhibitor or NC inhibitor for 24 h and
then subjected to hypoxic conditions for 24 h. Afterwards, the
cells were treated with 20 ul of 5 mg/ml MTT (Sigma-Aldrich)
and cultured for 4 h. The purple-colored formazan crystals
in living cells were solubilized by 200 gl of dimethyl sulf-
oxide (DMSO; Sigma-Aldrich). After 15 min, the absorbance
of the solution at 490 nm was detected by a microplate reader
(Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Lactate dehydrogenase (LDH) assay. Cell injury was measured
using an LDH assay kit (Roche Applied Science, Indianapolis,
IN, USA) according to the manufacturer's instructions. The
cells were lysed by 0.2% Triton X-100 (Sigma-Aldrich) and the
supernatants were collected after centrifugation at 10,000 x g
for 10 min at 4°C. The supernatants were then incubated with
pyruvate and nicotinamide adenine dinucleotide hydrogen
for 30 min at 37°C. After the addition of 0.4 M NaOH, the
absorbance at 530 nm was detected by a microplate reader
(Bio-Rad Laboratories, Inc.).

Annexin Vipropidium iodide (PI) apoptosis assay. Cell
apoptosis was measured by using an Annexin V/PI apoptosis
detection kit (Beyotime Institute of Biotechnology, Haimen,
China) following the manufacturer's recommended instruc-
tions. In conclusion, the cells were digested with 2.5 g/l trypsin
(Sigma-Aldrich) and then washed with phosphate-buffered
saline (PBS). The cells were then re-suspended in binding
buffer supplemented with 10 1l of Annexin V. After incubation
for 30 min, 5 ul of PI solution was added and the cells were
incubated for a further 5 min. Cells were analyzed by flow
cytometry (BD Biosciences, San Jose, CA, USA).

Caspase-3 activity assay. Caspase-3 activity was measured
by a caspase-3 activity assay kit (Roche Applied Science),
according to the manufacturer's instructions. In brief, the cells
were lysed and the supernatants were collected after centrifu-
gation at 16,000 x g for 15 min at 4°C. The supernatants were
then incubated with 10 ul Ac-DEVD-pNA (2 mM) for 2 h
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at 37°C. The absorbance at 405 nm was determined using a
microplate reader (Bio-Rad Laboratories, Inc.).

Western blot analysis. Proteins were lysed in lysis buffer
and protein concentrations were measured using a bicincho-
ninic acid assay kit (Beyotime Institute of Biotechnology).
Equivalent amounts of proteins were loaded on 10% sodium
dodecyl sulfate-polyacrylamide gels for separation, followed
by protein transfer to a polyvinylidene fluoride membrane
(Millipore, Bedford, MA, USA). The membrane was blocked
with 5% non-fat dry milk for 1 h at 37°C, followed by incubation
with primary antibodies at 4°C overnight. The membrane was
washed with Tris-buffered saline containing 0.1% Tween-20
(TBST) and then incubated with horseradish peroxidase-
conjugated secondary antibodies (1:2,000; sc-2004; Santa Cruz
Biotechnology, Inc.) for 1 h at 37°C. After being washed with
TBST, the protein bands were developed using a Pierce ECL
Western Blotting kit (Pierce, Rockford, IL, USA). Gray values
of protein bands were detected by Image-Pro Plus 6.0 software
(Media Cybernetics, Inc., Rockville, MD, USA). The primary
antibodies including anti-GATA-4 (1:500; sc-9053), anti-Bcl-2
(1:500; sc-783) and anti-B-actin (1:600; sc-130656) were all
purchased from Santa Cruz Biotechnology, Inc.

Dual-luciferase reporter assay. The 3'-UTR of GATA-4
harboring either the miR-200c binding site (GATA-4
3'-UTR-WT) or a mutant (GATA-4 3'-UTR-MT) was cloned
into the pmirGLO luciferase vector (Promega, Madison,
WI, USA). The constructed vectors were co-transfected into
293T cells with the miR-200c¢ inhibitor or NC inhibitor using
Lipofectamine 2000 (Invitrogen Life Technologies,) and
incubated for 48 h. The cells were harvested and luciferase
activities were measured using a Dual-GLO Luciferase Assay
system (Promega).

Statistical analysis. The results are presented as mean + stan-
dard deviation. Statistical analyses were performed using
SPSS package version 18.0 (SPSS, Inc., Chicago, IL, USA).
Statistical significance was determined by one-way analysis
of variance (ANOVA) followed by a Bonferroni correction.
Differences were regarded as statistically significant at values
of p<0.05.

Results

miR-200c is upregulated by hypoxia in cardiomyocytes. To
investigate the possible role of miR-200c in ischemic heart
disease, we detected the expression of miR-200c in cardio-
myocytes exposed to hypoxia using RT-qPCR. The results
showed that miR-200c was significantly upregulated after
exposure to hypoxia in comparison to the control (Fig. 1A),
implying that miR-200c has an important role in the hypoxic
injury of cardiomyocytes.

Downregulation of miR-200c attenuates hypoxia-induced
cell injury. To investigate the biological effect of miR-200c
on hypoxia-treated cardiomyocytes, we inhibited the expre-
ssion of miR-200c in cells by transfecting them with an
miR-200c inhibitor (Fig. 1B). We then detected the effect of
miR-200c suppression on cell viability with the MTT assay.
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Figure 1. Expression of miR-200c in cardiomyocytes. (A) The expression of
miR-200c in H9¢2 cells under hypoxic conditions for 12 and 24 h as detected
by RT-qPCR. Hyp, hypoxia. Cells cultured under normoxic conditions were
used as the control. "p<0.05 vs. control. (B) The expression of miR-200¢
in miR-200c inhibitor-transfected H9c2 cells. H9¢2 cells were transfected
with miR-200c¢ inhibitor or NC inhibitor for 24 h and subjected to hypoxia
for 24 h. "p<0.05, n=3 for each group. Three independent experiments were
performed.

The results showed that cell viability was markedly impaired
by hypoxia but was partially improved by miR-200c¢ inhi-
bition (Fig. 2A). We next evaluated the effect of miR-200c
inhibition on hypoxia-induced cell injury with the LDH
assay. We found that the hypoxia-induced cell injury was
also significantly reversed by the downregulation of miR-
200c (Fig. 2B). Taken together, these data suggest that
downregulation of miR-200c improves cell survival under
hypoxic conditions.

Downregulation of miR-200c inhibits cardiomyocyte apop-
tosis induced by hypoxia. To verify the protective effect of
miR-200c inhibition on cardiomyocytes under hypoxia, we
further investigated the effect of miR-200c inhibition on
hypoxia-induced apoptosis. The Annexin V/PI apoptosis assay
showed that hypoxia-induced apoptosis was significantly
suppressed by the downregulation of miR-200c (Fig. 3A and B).
Furthermore, the increased activity of the pro-apoptotic
protein, caspase-3, induced by hypoxia was also markedly
decreased by miR-200c inhibition (Fig. 3C). Overall, these
results indicate that the downregulation of miR-200c
suppresses hypoxia-induced cardiomyocyte apoptosis.
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Figure 2. Downregulation of miR-200c attenuates hypoxia-induced cell injury. H9c2 cells were transfected with an miR-200c inhibitor or NC inhibitor for 24 h
and subjected to hypoxia for 24 h. (A) Cell viability was detected by the MTT assay. (B) Cell injury was detected by the lactate dehydrogenase (LDH) assay.
*p<0.05, n=3 for each group. Three independent experiments were performed. Hyp, hypoxia.
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Figure 3. Downregulation of miR-200c inhibits hypoxia-induced cardiomyocyte apoptosis. H9c2 cells were transfected with an miR-200c inhibitor or NC
inhibitor for 24 h and subjected to hypoxia for 24 h. (A) Cell apoptosis was examined with the Annexin V/PI apoptosis assay. (B) Quantitative data of
Annexin V/PI apoptosis assay. (C) Caspase-3 activity was measured by the caspase-3 activity assay. ‘p<0.05, n=3 for each group. Three independent experi-

ments were performed. Hyp, hypoxia.

GATA-4 is a potential target of miR-200c. To investigate the
underlying mechanism by which the suppression of miR-200c
provides a protective effect against hypoxia, we predicted
the target genes of miR-200c with bioinformatics analysis.
We found that GATA-4, an important transcription factor
for cardiomyocyte survival (23,24), was a potential target
gene of miR-200c. The 3'-UTR of GATA-4, harboring the

complementary seed-matched binding sites of the miR-200c
binding site (GATA-4 3'-UTR-WT) and a mutant (GATA-4
3'-UTR-MT), are shown in Fig. 4A. To confirm the pres-
ence of the interaction between miR-200c and GATA-4
3'-UTR, GATA-4 3-UTR-WT or GATA-4 3-UTR-MT was
cloned into the pmirGLO vector that was used for the lucif-
erase reporter assay. The results showed that the luciferase
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Figure 4. miR-200c targets the 3'-untranslated region (3'-UTR) of GATA-4.
(A) Schematic diagram of the binding sites between miR-200c and GATA-4
3'-UTR. (B) The effect of miR-200c on luciferase activity was detected by
the dual-luciferase reporter assay. The pmirGLO-GATA-4 3'-UTR-WT or
pmirGLO-GATA-4 3'-UTR-MT was co-transfected with the miR-200c
inhibitor or NC inhibitor into 293T cells. “p<0.05, compared with the NC
mimics, n=3 for each group. Three independent experiments were performed.

activity of pmirGLO-GATA-4 3'-UTR-WT was significantly
decreased by miR-200c overexpression (Fig. 4B). However,
the luciferase activity of pmirGLO-GATA-4 3'-UTR-MT was
not obviously affected by miR-200c overexpression (Fig. 4B).
These results suggest that miR-200c directly targets the
3'-UTR of GATA-4. We then examined the direct effect of
miR-200c on GATA-4 expression by RT-qPCR and western
blot analysis. The results showed that the downregulation
of miR-200c significantly increased the mRNA (Fig. 5A)
and protein (Fig. 5B) expression of GATA-4, which were
decreased by hypoxia in the cardiomyocytes. Taken together,
these results suggest that GATA-4 is a direct target gene of
miR-200c¢ in cardiomyocytes.

Downregulation of miR-200c promotes the expression of
Bcl-2. To further investigate the molecular basis of miR-200¢
in regulating cardiomyocyte survival, we detected the expres-
sion of the anti-apoptotic gene Bcl-2, a downstream gene of
GATA-4 (23). The results showed that the downregulation of
miR-200c significantly upregulated the mRNA (Fig. 6A) and
protein (Fig. 6B) expression of Bcl-2 in response to hypoxia,
implying that miR-200c regulates Bcl-2 expression.

Knockdown of GATA-4 abolishes the protective effect of
miR-200c inhibition. To verify that GATA-4 contributes to
the miR-200c inhibition-mediated protective effect against
hypoxia, we silenced the expression of GATA-4 at the same
time as suppressing miR-200c. The results showed that
the promotive effect of miR-200c suppression on GATA-4
expression was significantly abolished by the knockdown
of GATA-4 (Fig. 7A). Similarly, the increased expression of
Bcl-2 induced by miR-200c suppression was eliminated by the
knockdown of GATA-4 (Fig. 7B). As expected, the protective
effect of miR-200c suppression against hypoxia was also mark-
edly reversed by the knockdown of GATA-4 (Fig. 7C and D).
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Figure 5. Downregulation of miR-200c increases GATA-4 expression.
HO9c2 cells were transfected with the miR-200c¢ inhibitor or NC inhibitor
for 24 h and subjected to hypoxia for 24 h. (A) The mRNA expression of
GATA-4 was detected by RT-qPCR. (B) The protein expression of GATA-4
was detected by western blot analysis. “p<0.05, n=3 for each group. Three
independent experiments were performed. Hyp, hypoxia.

Taken together, these results suggest that downregulation of
miR-200c protects cardiomyocytes against hypoxia through
the promotion of GATA-4 expression.

Discussion

Overcoming hypoxia-induced cardiomyocyte apoptosis is
a main obstacle for the treatment of ischemic heart disease.
In this study, we report that miR-200c is a novel regulator
of hypoxia-induced cardiomyocyte apoptosis. We found
that miR-200c was highly upregulated in cardiomyocytes
subjected to hypoxia treatment. Our data demonstrated that
the downregulation of miR-200c provided protective effects
against hypoxia in cardiomyocytes by upregulating GATA-4
and Bcl-2 expression, indicating a potential therapeutic target
for ischemic heart disease.

Numerous studies have demonstrated that miR-200c
induces the apoptosis of various types of cancer cells (27,32,33).
miR-200c sensitizes tumor cells to apoptosis by targeting
Fas-associated phosphatase-1 (34). Similarly, miR-200c was
significantly increased after spinal cord injury and reactive
oxygen species were found to enhance miR-200c expression,
which induced apoptosis in microglial cells (34). In endothelial
cells, miR-200c overexpression induced by reactive oxygen
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Figure 6. Downregulation of miR-200c promotes the expression of Bcl-2. H9¢2 cells were transfected with the miR-200c inhibitor or NC inhibitor for 24 h and
subjected to hypoxia for 24 h. (A) The mRNA expression of Bcl-2 was detected by RT-qPCR. (B) The protein expression of Bcl-2 was detected by western blot
analysis. "p<0.05, n=3 for each group. Three independent experiments were performed. Hyp, hypoxia.
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Figure 7. GATA-4 knockdown abolishes the effects of miR-200c suppression. H9c2 cells were co-transfected with the miR-200c¢ inhibitor and GATA-4 siRNA
for 24 h, and then exposed to hypoxia for 24 h. The protein expression of (A) GATA-4 and (B) Bcl-2 was detected by western blot analysis. (C) Cell injury

was detected by the LDH assay. (D) Cell apoptosis was measured by the caspase-3 activity assay. ‘p<0.05, n=3 for each group. Three independent experiments
were performed.

species promoted cell growth arrest, senescence and apoptosis  homeobox 1 and inhibiting COX-2 (36). miR-200c was found to
by targeting zinc-finger E-box binding homeobox 1 (35). increase in the gracilis muscle following ischemic injury (29).
Downregulation of miR-200c preserved endothelial func-  The inhibition of miR-200c attenuated hepatic ischemia or
tion in diabetic mice by targeting zinc-finger E-box binding  reperfusion injury (37). Moreover, miR-200c was found to be
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upregulated in the ischemic cortex after ischemic precondi-
tioning or focal cerebral ischemia (30). Downregulation of
miR-200c attenuated infarct volume and neurologic deficit in
mice following cerebral ischemia by targeting Reelin (31), and
inhibited cardiomyocyte hypertrophy in high glucose-treated
cardiomyocytes (38). However, no data have indicated the
role of miR-200c in regulating cardiomyocyte apoptosis. In
this study, we found that miR-200c was highly upregulated
by hypoxia in cardiomyocytes. The downregulation of miR-
200c suppressed hypoxia-induced cardiomyocyte apoptosis,
indicating an important role of miR-200c in regulating cardio-
myocyte survival in response to stress injury.

To investigate the potential mechanism underlying the
regulation of cardiomyocyte apoptosis by miR-200c, we
aimed to identify the potential target gene of miR-200c in
cardiomyocytes. We identified GATA-4, an important tran-
scriptional factor for cardiomyocyte survival (23,24), to be a
target gene of miR-200c. GATA-4 was found to be suppressed
by anthracyclines in cardiomyocytes and the restoration of
GATA-4 attenuated cardiomyocyte apoptosis (39). Activation
of GATA-4 promoted cell survival and reduced cell death
induced by daunorubicin (40) and doxorubicin (41). GATA-4
can activate the anti-apoptotic signaling in cardiomyocytes
and protect cardiomyocytes against hypoxic injury and
myocardial ischemia or reperfusion injury (23,24). GATA-4
has becoming a promising therapeutic target for the treatment
of ischemic heart disease (25,26). The co-culture of GATA-4
gene-engineered mesenchymal stem cells and cardiomyo-
cytes inhibited hypoxia-induced apoptosis (42,43). Moreover,
exosomes derived from the overexpression of GATA-4 in
mesenchymal stem cells also showed cardioprotection (44).
It has been reported that GATA-4 inhibits cardiomyocyte
apoptosis by activating Bcl-2 (23). Kobayashi ef al found that
GATA-4 directly binds to the GATA site in the promoter of
Bcl-2 and positively regulated Bcl-2 expression in cardio-
myocytes in vivo and in vitro (23). A study also showed that
GATA-4 regulated Bcl-2 expression in ovarian granulosa
cell tumors (45). Cardiac ankyrin repeat protein has been
reported to repress cardiomyocyte apoptosis induced by
hypoxia or reoxygenation by binding the Bcl-2 promoter by
interacting with GATA-4 (46). These findings suggest that
GATA-4 can serve as a promising therapeutic target for
preventing cardiomyocyte apoptosis. In this study, we found
that GATA-4 is a target gene of miR-200c. Downregulation
of miR-200c promoted the expression of GATA-4, thus
protecting cardiomyocytes from hypoxia-induced apoptosis.
Furthermore, silencing of GATA-4 abolished the miR-200c
inhibition-induced protective effects.

The activity of GATA-4 is controlled by various
post-translational modifications including ubiquitination,
phosphorylation and acetylation (20,47). Hypoxia induces
the ubiquitination of GATA-4 and the attenuation of GATA-4
ubiquitination by erythropoietin increases cell viability under
hypoxia (48). Recent studies also showed that GATA-4 under-
goes epigenetic regulation by miRNAs (49,50). Overexpression
of miR-26b was found to suppress GATA-4 expression by
targeting the 3'-UTR, leading to increased cardiomyocyte
apoptosis (51). miR-26a attenuated cardiac hypertrophy via
the targeting of GATA-4 in cultured cardiomyocytes (52).
Downregulation of miR-208a suppressed doxorubicin-induced
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cardiomyocyte apoptosis by promoting GATA-4 (53). In this
study, we found that miR-200c¢ also targeted and regulated
GATA-4 in cardiomyocytes. The inhibition of miR-200c
protected cardiomyocytes against hypoxia-induced apoptosis
by targeting GATA-4. In line with our findings, miR-200c
was found to regulate embryonic stem cell renewal and differ-
entiation by targeting GATA-4 (54). Our study indicates that
miR-200c may serve as a promising target for the develop-
ment of miRNA-based therapy for ischemic heart disease by
targeting GATA-4.

In conclusion, our study demonstrated that miR-200c is a
hypoxia-response gene in cardiomyocytes and is induced by
hypoxia. Downregulation of miR-200c provides consider-
able protective effects against hypoxia in cardiomyocytes by
promoting GATA-4 and Bcl-2 expression. Our study suggests
a potential therapeutic molecular target for the treatment of
ischemic heart disease. However, the precise role of miR-200c
and GATA-4 in regulating cardiomyocyte apoptosis remains
to be fully elucidated in vivo using animal models.
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