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LncRNA MIAT promotes P19 cells differentiation
into cardiomyocytes by sponging miR-150
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Abstract: LncRNA MIAT plays an important role in cell proliferation. This study was designed to investigate the
effect of MIAT on cardiomyocytes differentiation. Mouse P19 embryonal carcinoma cells were transfected with
pcDNA-MIAT, MIAT shRNA, miR-150 inhibitor, miR-150 mimic, scramble or vehicles to induce their differentiation
into cardiomyocytes. The transfections with pcDNA-MIAT plasmid or treatment with miR-150 inhibitor enhanced
P19 cell proliferation, increased the expression of cardiomyocyte differentiation genes (GATA4, TBX5, ¢TnT, and
Nkx2.5), and lead to the inhibition of apoptosis. Conversely, the treatment with MIAT shRNA had the opposite
effect. Moreover, the treatment with miR-150 inhibitor attenuated the effects of MIAT shRNA on P19 cell prolifera-
tion, apoptosis and the expression of cardiomyocyte differentiation genes. We confirmed that IncRNA MIAT was a
competing endogenous RNA (ceRNA) that was acting by sponging miR-150, thereby inducing P19 cells to differenti-
ate into cardiomyocytes. We suggest that INcRNA MIAT expression could be further explored as a therapeutic target
of cardiac regeneration.

Keywords: IncRNA MIAT, cardiomyocyte differentiation, competing endogenous RNA, miR-150, cell proliferation

and apoptosis

Introduction

Heart development is a complex process in-
volving cardiomyocytes differentiation and
cardiovascular development. This is regulated
by various factors such as protein coding
genes, microRNAs (miRNAs), long non-coding
RNAs (IncRNAs), and signaling pathways [1-4].
Aberrant expression and abnormal accumula-
tion of these factors contribute to heart devel-
opment or heart diseases [2, 5].

The role of IncRNAs has been functionally char-
acterized in many cardiovascular diseases,
including myocardial infarction and cardiac
hypertrophy [6-9]. As reported previously,
IncRNAs such as CARMEN [10], Braveheart
[11], and CHRF [8] have been associated with
cell differentiation. For instance, INcRNA Fendrr
was reported to be an essential regulator of
heart development in the mouse by binding
to the PRC2 and ErxG/MLL complexes, which
play pivotal roles in cell differentiation [12].
Further, LncRNA myocardial infarction-associ-
ated transcript (MIAT) also plays crucial roles

in the pathogenesis of various diseases, such
as myocardial infarction and cardiac hypertro-
phy [13-15]. MIAT also takes great part in endo-
thelial cell proliferation, apoptosis, and migra-
tion, in part by acting as a competing endoge-
nous RNA (ceRNA) by sponging miR-150 [13,
16]. Further, it is known that miR-150 regulates
the proliferation and differentiation of cardio-
myocytes [17], whereas MIAT enhances car-
diac hypertrophy by sponging miR-150 [13].
Regardless, there are no reports describing
the effect of MIAT on cardiomyocytes di-
fferentiation.

This study was specifically designed to investi-
gate the effect of MIAT on cardiomyocytes
differentiation. Accordingly, the mouse P19
embryonal carcinoma cells were transfected
with MIAT shRNA and overexpression plasmids,
and miR-150 inhibitor/mimic to evaluate the
cell proliferation, apoptosis, and the expression
of cardiomyocytes differentiation factors. It is
hoped that this study will help illustrate the
effect of MIAT on cardiomyocytes differentia-
tion, as well as its association with miR-150,
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Table 1. Primer sequences for gqRT-PCR in this study

bled oligonucleotide sequences were

purchased from GenePharma (Shang-

Gene ID Primer  Sequences (5'-3") ) i ) )
CTnT Forward 5-GGCAGCGGAAGAGGATGCTGAA-3' ?a" fCh',”a)' L'po‘cecltam'”e 2000
Reverse 5-GAGGCACCAAGTTGGGCATGAACGA-3' ransfection reagent (Invitrogen) was
GATA-4 Forward 5'-TGGCCTGTCATCTCACTACG-3’ employed for transfection of MIAT
- orward. >~ = ShRNA, pcDNA-MIAT plasmids, vehi-
Reverse 5-TAGCCTTGTGGGGAGAGCTT-3 cles, miR-150 mimic, MiR-150 inhibi-
Nkx2.5 Forward 5-CCGCCAACAGCAACTTCGTG-3’

tor and NCs into P19 cells.

Reverse 5-GAGGGTGGGTGTGAAATCTGAGG-3’

TBX5 Forward 5’-AAATGAAACCCAGCATAGGAGCTGGC-3’
Reverse 5’-ACACTCAGCCTCACATCTTACCCT-3’
LncRNA MIAT Forward 5’-TTTACTTTAACAGACCAGAA-3’

Reverse 5-CTCCTTTGTTGAATCCAT-3’

GAPDH Forward 5-TTCCCGTTCAGCTCTGGG-3’
Reverse 5’-CCCTGCATCCACTGGTGC-3’

Cell proliferation analysis

Cell proliferation analysis was per-
formed using MTT (Sigma Aldrich,
St Louis, MO, USA) assay [16].
Transfected P19 cells were placed in

thus providing additionaly molecular mecha-
nisms in the pathogenesis of myocardium dys-
plasia and other cardiovascular diseases.

Materials and methods

Cell culture and induction of cardiomyocyte
differentiation

Mouse P19 embryonal carcinoma cells
(American Type Culture Collection, ATCC,
Rockville, MD, USA) were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM, Gibco, NY,
USA) containing 10% fetal bovine serum
(FBS, Gibco), 1% penicillin-streptomycin (Sigma-
Aldrich, St. Louis, MO, USA) at 37°C with 5%
CO,. For the induction of cardiomyocyte differ-
entiation, the cells were cultivated as aggre-
gates in bacteriologic dishes with DMEM
containing 10% FBS and 1% DMSO (Di-
mehtylsulfoxide; Sigma-Aldrich) at 37°C in 5%
CO, for 4 days as described previously [18].
The cell culture media was replaced every third
day. On day 5, the cells were transferred into
flasks and cultured for another 10 days. The
cells were harvested on day O, 6 and 10 of the
differentiation. For cell transfection, the cells
were transfected with appropriate vector or
vehicle prior to transferring to the flasks.

Construction of MIAT short hairpin RNA (shR-
NA) expression plasmids

The construction of MIAT shRNA interference
plasmid expression was performed as de-
scribed previously [16]. MIAT shRNA and
scrambled shRNA sequence, pcDNA-MIAT and
pcDNA-control (pcDNA 3.1 expression vector),
mMiR-150 mimic, miR-150 inhibitor and scram-
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96-well plates for 24 h, and 10 puL
MTT solution was added to each well
followed by incubation for 3 h. Then, optical
density at 450 nm absorbance (A450)
was determined using a microplate reader
(Molecular Devices, Sunnyvale, CA, USA). Each
experiment was performed in triplicates.

Cell cycle assay

After transfection for 24 h, the cells were har-
vested, fixed, stained with PI, and kept in the
dark for 30 min. For cell cycle analysis and
distribution, 10,000 cells at GO/G1, S, and
G2/M phase were determined using Becton
Dickinson FACS Calibur™ flow cytometry (BD
Bioscience). Each experiment was performed
in triplicates.

Annexin V apoptosis assay

Cells were seeded in 6-well plates for 24 h fol-
lowed by appropriate treatments and harvest-
ed by trypsin for measuring apoptosis using the
Annexin V apoptosis detection kit (Bender
MedSystems, Vienna, Austria). The percentage
(%) of apoptotic and necrotic cells were deter-
mined using the Annexin V-FITC and propidium
iodide (PI) staining assay. The cells were labe-
led with Annexin V and Pl and kept in dark for
30 min followed by Becton Dickinson FACS
Calibur™ flow cytometry analysis (Becton
Dickinson Immunocytometry Systems, San
Jose, CA, USA). Annexin V positive and Pl nega-
tive (Ann V+/PI-) cells were determined to be
early apoptosis cells.

Quantitative real-time PCR (qRT-PCR)

Total RNA from transfected P19 cells was
extracted using TRIzol reagent (Invitrogen), and
reverse transcription was performed using a
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Figure 1. Effect of IncRNA MIAT on cell proliferation, apoptosis, and cell cycle. A. Expression of MIAT was detected us-
ing qRT-PCR. B. Cell proliferation was detected using MTT assay. C. Distribution of cell cycle at GO/G1, S, and G2/M
phase was determined using Becton Dickinson FACS Calibur™ flow cytometry. D and E. Annexin V apoptosis assay
was detected using flow cytometry. * and **indicates significant difference at P < 0.05 and P < 0.01, respectively,

compared with controls.

Gibco/BRL cDNA synthesis kit (Grand lIsland,
NY, USA). gRT-PCR was performed using the
SYBR Green PCR Master Mix (Applied
Biosystems, ABI, Foster City, CA) on a 7500
Fast System Real-Time PCR cycler (Applied
Biosystems), according to the manufacturer’s
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instructions. The primers used in the study
(Table 1) were synthesized by Shanghai Sangon
Biotechnology Co. Ltd. (Shanghai, China). The
relative gene expression levels were quantified
using the 222¢ method and normalized to the
internal reference gene, GAPDH.
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Western blot analysis

Cellular proteins were extracted from transfect-
ed cells using the Total Protein Extraction Kit
(KeyGen, inc., China), and the protein concen-
tration was determined using a micro bicincho-
ninicacid (BCA) kit (KeyGen, Nanjing, China).
Subsequently, the proteins were separated on
10% SDS-PAGE (Solarbio, Beijing, China) and
electro-transferred onto polyvinylidene difluo-
ride (PVDF) membranes (Invitrogen, Carlsbad,
CA, USA), which were then blocked with 5% milk
(BD Biosciences, San Jose, CA) for 1 h. Then,
membranes were probed with the specific pri-
mary antibodies for anti GAPDH (1:2000 dilu-
tion, Proteintech Group, USA), anti-GATA4
(1:500 dilution, Abcam PLC, Cambridge, UK),
anti-TBX5 (1:500 dilution, Abcam), anti-cTnT
(1:250 dilution, Abcam), and anti-Nkx 2.5
(1:500 dilution, Abcam) overnight at 4°C, fol-
lowed by probing with appropriate Cy3-
conjugated secondary antibodies for 2 h. The
membranes were read using an ECL detection
system (Beyotime, Shanghai, China), and band
intensity analysis was performed using a
densitometry software, QuantiScan (Biosoft
Ferguson, MO, USA).

Statistical analysis

All statistical analyses were conducted using
SPSS 19.0 (IBM, Armonk, New York, USA) and
the data were plotted using GraphPad Prism
6.0 (GraphPad Software Inc. La Jolla, CA). All
data were expressed as means * SE of the trip-
licate from three separate experiments. The
differences among the groups were analyzed
using one-way ANOVA. P < 0.05 was considered
statistically significant.

Results

MIAT expression promotes PP19 cell prolifera-
tion, inhibits cell apoptosis and arrests cell
cycle at the S phase

In order to modulate the expression of MIAT in
P19 cells, we constructed a MIAT overexpres-
sion plasmid (pcDNA-MIAT) and shRNA plas-
mid, and transfected P19 cells with the respec-
tive plasmids. qRT-PCR results indicated that
MIAT expression in P19 cells was significantly
reduced by shRNA interference (P < 0.05),
whereas the transfection with pcDNA-MIAT
increased MIAT expression (P < 0.01) com-
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pared with control or vehicle (Figure 1A). We
then performed the MTT assay and flow cytom-
etry analyses for the detection of cell prolifera-
tion, cell cycle distribution, and apoptosis.
Results showed that MIAT shRNA significantly
affected P19 cell behavior (Figure 1B-D). MIAT
shRNA interference inhibited cell proliferation
(P < 0.05, Figure 1B), arrested cells in GO/G1
and G2/M phase (P < 0.01, Figure 1C), and pro-
moted cell apoptosis (P < 0.01, Figure 1D),
compared with controls. On the contrary, pcD-
NA-MIAT transfection into P19 cells showed
the opposite effect, i.e. enhanced cell prolifera-
tion (P < 0.01, Figure 1B), increased percent-
age of cells in S phase (Figure 1C), and reduced
cell apoptosis (P < 0.01, Figure 1D) in compari-
son with controls and MIAT shRNA interfered
cells. There were no differences in MIAT ex-
pression, cell proliferation, apoptosis, and cell
cycle distribution among the control groups
transfected with scramble or vehicles (Figure
1). These data demonstrated that MIAT con-
tribute to cell proliferation, and inhibit cell
apoptosis.

MIAT promotes expression of cardiomyocyte
differentiation related genes

As reported previously, the expression of genes
such as GATA4 and TBX5 promote cardiomyo-
cyte differentiation [19, 20]. Moreover, cTnT
and Nkx2.5 are known biomarkers for cardio-
myocytes [21]. In order to evaluate the effect
of MIAT expression on cardiomyocyte differen-
tiation, we detected the expression of cardio-
myocyte differentiation genes (GATA4, TBX5,
cTnT, and Nkx2.5) in pcDNA-MIAT and MIAT
shRNA transfected P19 cells by performing
gRT-PCR and Western blot analysis. Results
showed MIAT significantly altered the expres-
sion of all the above mentioned differentiation
genes (Figure 2). We found that both mRNA and
protein expression of GATA4, TBX5, cInT, and
Nkx2.5 were significantly reduced by MIAT
shRNA treatment, whereas the transfection
with pcDNA-MIAT upregulated the four differen-
tiation genes on days 6 and 10 when compared
with the corresponding controls (P < 0.05). In
contrast, vehicle (DMSO) treatment seemed to
increase the expression of these four genes on
day 10 (P < 0.05, Figure 2). Taken together, we
confirmed that IncRNA MIAT can induce the
expression of GATA4, TBX5, ¢TnT, and Nkx2.5,
and promote cardiomyocyte differentiation.

Int J Clin Exp Pathol 2017;10(3):3662-3670
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Figure 2. Expression of cardiomyocyte differentiation related genes in transfected P19 cells. A-D. MRNA expression
of GATA4, TBX5, cTnT, and Nkx2.5 in transfected cells using qRT-PCR. E. Protein expression of GATA4, TBX5, ¢TnT,
and Nkx2.5 in transfected cells on days 6 and 10 post transfection using Western blot analysis. * and **indicate

the significant difference at P < 0.05 and P < 0.01, respectively, compared with the controls.

MiR-150 inhibitor reversed the effects of MIAT
ShRNA treatment

Since previous reports have indicated that
miR-150 interacts with MIAT expression and
cell functions [13, 16], we determined the
combined effects of miR-150 and MIAT on
P19 cells. Initially, we transfected P19 cells
with miR-150 mimic, inhibitor, or corresponding
scrambles (NC) and confirmed the expression
of MIAT was inhibited or upregulated by miR-
150 mimic or inhibitor, respectively (Figure 3A).
These showed a negative relationship between
miR-150 and MIAT expression. Then we co-
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transfected P19 cells with miR-150 inhibitor
and MIAT shRNA to evaluated the cell func-
tions. We confirmed that miR-150 inhibitor
upregulated cell proliferation and inhibited
cell apoptosis, compared with controls (P <
0.05, Figure 3B and 3C). Whereas, cotransfec-
tion of the miR-150 inhibitor and MIAT shRNA
significantly canceled MIAT shRNA interfer-
ence-inhibited cell proliferation and -increased
cell apoptosis rate (P < 0.05). No significant
changes were observed in the cells transfected
with scrambled sequence or controls. These
results indicated that miR-150 is an inhibitor
of MIAT.

Int J Clin Exp Pathol 2017;10(3):3662-3670
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Figure 3. Influence of miR-150 on MIAT expression and cell behavior. A. Expression of MIAT was detected using
RT-PCR. B. Cell proliferation was detected using MTT assay. C and D. Annexin V apoptosis assay was detected us-
ing flow cytometry. * and **indicates significant difference at P < 0.05 and P < 0.01, respectively, compared with

corresponding controls.
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Figure 4. Influence of miR-150 on the expression of cardiomyocyte differentiation related genes. The expression of
cardiomyocyte differentiation related genes was detected using qRT-PCR. *indicates significant difference at P <
0.05, compared with the corresponding controls. #indicates significant difference at P < 0.05, respectively, com-

pared with MIAT shRNA.

MiR-150 inhibitor reverses MIAT shRNA effect
on expression of cardiomyocyte differentiation
related genes

To evaluate the effect of miR-150 on the expres-
sion of cardiomyocyte differentiation genes
GATA4, TBX5, cTnT, and Nkx2.5, we detected
their expression in cells transfected with miR-
150 inhibitor alone or along with MIAT shRNA.
Figure 4 shows that miR-150 inhibitor signifi-
cantly upregulated GATA4, TBX5, cTnT, and
Nkx2.5 mRNA expression on days 6 and 10
post transfection, when compared with control
(Figure 4), with a higher expression on day 10
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compared to day 6. On the contrary, MIAT
shRNA treatment significantly reduced the
expression of GATA4, TBX5, cTnT, and Nkx2.5
in P19 cells on days 6 and 10 (P < 0.05)
(P < 0.05). Moreover, co-transfection of MIAT
shRNA with miR-150 inhibitor into cells sig-
nificantly reversed influence of MIAT shRNA
interference on P19 cells (P < 0.05). There were
no differences in the mRNA expression of
GATA4, TBX5, cTnT, and Nkx2.5 among scram-
ble and control cells, respectively on day 6 and
10 post transfection. These results showed
that miR-150 inhibitor reversed influence on
MIAT on cardiomyocyte differentiation genes.

Int J Clin Exp Pathol 2017;10(3):3662-3670
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Discussion

LncRNAs can act as miRNA sponges thereby
regulating the availability of miRNAs that are
required to modulate the expression of target
MRNAs [13]. Using a luciferase reporter assay,
Zhu had demonstrated that miR-150 directly
targets MIAT, suggesting that MIAT was a ceRNA
via sponging miR-150. In this present study, we
confirmed that MIAT was indeed ceRNA via
sponging miR-150. Further, we demonstrated
that MIAT expression can enhance P19 cell
proliferation, inhibit apoptosis, and promote
the expression of cardiomyocyte differentiation
genes. These results clearly imply that MIAT
and miR-150 might be responsible for the
pathogenesis of cardiovascular diseases, par-
ticularly those related to cardiomyocyte
differentiation.

As previously reported, MIAT takes part in endo-
thelial cell proliferation, apoptosis, and migra-
tion [14]. Further, the knockdown of MIAT in
endothelial cells inhibited cell proliferation
and enhanced apoptosis [14]. Notably, these
results oncur with our findings in the current
study. We have demonstrated that MIAT shRNA
interference increased apoptosis and de-
creased cell proliferation in P19 cells. More-
over, MIAT shRNA decreased the percentage
of P19 cells in S phase, leading to accumula-
tion of cells in the G2/M and GO/G1 phases.
Accordingly, pcDNA-MIAT transfection enhan-
ced cell proliferation, increased the percentage
of cells in S phase, and reduced apoptosis
(Figure 1). Overall, these results demonstrated
that MIAT expression can modulate P19 cell
proliferation.

Subsequently, we confirmed that MIAT expres-
sion negatively correlated with miR-150 expres-
sion (Figure 3). MiR-150 inhibitor plus MIAT
shRNA reversed the effects of MIAT shRNA on
cell proliferation and apoptosis. In addition,
miR-150 inhibitor enhanced P19 cell prolifera-
tion and decreased apoptosis. These data sug-
gested that miR-150 is an inhibitor of MIAT,
which behaves like ceRNA by sponging miR-
150. Moreover, our findings correlate well with
previous reports [14, 16].

Cardiomyocyte differentiation is regulated by
various factors, including GATA4 and TBX5 [19,
20]. Previous studies have shown that GATA4
and TBX5 can promote cardiomyocyte differen-
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tiation of noncardiomyogenic cells [20, 22, 23].
The overexpression of GATA4 and TBX5, along
with Baf60c or Mef2c induced adipose tissue-
derived mesenchymal stem cells to form car-
diomyocytes and directed the reprogramming
of cardiac fibroblasts into cardiomyocytes [20,
23], suggesting that GATA4 and TBX5 could
promote non-cardiomyogenic cells to differenti-
ate into cardiomyocytes. In this study, we con-
firmed that both MIAT expression and miR-150
inhibition promoted the expression of GATA4
and TBX5, as well as the expression of cardio-
myocyte markers c¢TnT and Nkx2.5. This sug-
gestes that MIAT expression contributed to
cardiomyocyte differentiation and could be
explored as a therapeutic target for heart devel-
opment and regeneration.

Conclusion

We confirmed that IncRNA MIAT is a kind of
ceRNA that worked by sponging miR-150. The
expression of MIAT contributed to P19 cell pro-
liferation, and promoted cardiomyocyte differ-
entiation by sponging miR-150. Thus, MIAT
expression could be explored as a therapeutic
target for hear cardiac regeneration. However,
other RNAs might compete with MIAT through
miR-150 and other MIAT-related mechanisms
that contribute to cardiomyocyte differentiation
needs to be further explored in detail.
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