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LncRNA NEAT1 promotes cardiac hypertrophy
through microRNA-19a-3p/SMYD2 axis
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Abstract. - OBJECTIVE: The role of NEAT1 in
cancers has been demonstrated. But the role of
NEAT1 in cardiac hypertrophy still remains un-
known. This study aimed to elucidate the spe-
cific function of long non-coding RNA (IncRNA)
NEAT1 in cardiac hypertrophy and its underlying
mechanism.

PATIENTS AND METHODS: In this study, the in
vivo and in vitro cardiac hypertrophy models were
constructed by transverse aortic coarctation (TAC)
procedure in rats and phenylephrine (PE) induc-
tion in primary cardiomyocytes, respectively. The
expression levels of NEAT1, microRNA-19a-3p,
SMYD2, and cardiac hypertrophic markers were
detected by quantitative Real Time-Polymerase
Chain Reaction (qRT-PCR). Cardiac hypertrophy
was evaluated as calculating the surface area of
hypertrophic cardiomyocyte by fluorescein iso-
thiocyanate (FITC)-Phalloidin staining. Luciferase
Reporter Gene Assay was conducted to detect the
binding of NEAT1, SMYD2, and microRNA-19a-3p.

RESULTS: The results showed that NEAT1
and SMYD2 were highly expressed in myocardi-
um of rats with cardiac hypertrophy and PE-in-
duced primary cardiomyocytes, whereas microR-
NA-19a-3p was lowly expressed. Besides, NEAT1
overexpression markedly upregulated levels of
the cardiac hypertrophic markers. Moreover,
FITC-Phalloidin staining also revealed hypertro-
phic cardiomyocytes overexpressing NEAT1. On
the contrary, microRNA-19a-3p overexpression
reduced the cardiomyocyte surface area and
downregulated the levels of the cardiac hypertro-
phic markers. As luciferase reporter gene assay
demonstrated, NEAT1 and SMYD2 could bind to
microRNA-19a-3p. Finally, the gain-of-function ex-
periments were designed to verify whether NEAT1
exerted its functions in cardiac hypertrophy by
modulating SMYD2 and microRNA-19a-3p. Fur-
thermore, both microRNA-19a-3p overexpression
or SMYD2 knockdown could inhibit and reduce
the cardiomyocyte surface area, and downregu-
late the levels of the cardiac hypertrophic markers.

CONCLUSIONS: In summary, NEAT1 promotes
the occurrence and progression of cardiac hy-
pertrophy by upregulating SMYD2 by binding to
microRNA-19a-3p.

Corresponding Author: Hu Xin, MD; e-mail: huxindoc@163.com

Key Words:
NEATI, MicroRNA-19a-3p, SMYD2, Cardiac hyper-
trophy.

Introduction

Cardiac hypertrophy is the increased contrac-
tion ability at a certain stage, which is the man-
ifestation of normal growth and maturity of the
heart. In the early stage, the cardiac hypertrophy
is a compensatory performance against the in-
creased working load. However, both diastole and
systole impair the heart at the end-stage of hyper-
trophy, thus resulting in decompensation and fur-
ther leading to heart failure'. Cardiac hypertrophy
is an independent risk factor for unexplained sud-
den death. More importantly, hypertrophy is also
an important risk factor for myocardial ischemia
and arrhythmia®.

Cardiac hypertrophy is morphologically char-
acterized by the enlargement of heart size, struc-
ture, mass, and cardiomyocyte surface area, while
the cell number maintains unchangeable. The
pathological performances of the cardiac hyper-
trophy mainly include the proliferation of myo-
cardial interstitial cells and alteration of the extra-
cellular matrix. Molecular genetic studies®* have
shown that the expression levels of the myocardial
markers, cardiomyocyte volume, and heart mass
all increase during the development of cardiac hy-
pertrophy. However, the molecular mechanism of
cardiac hypertrophy is still not fully understood.

Long non-coding RNAs (IncRNAs) are a class
of RNAs that are more than 200 nucleotides in
length. They lack a specific open reading frame,
and do not have the protein-encoding function.
The biological functions of IncRNAs are achieved
by mediating genetic imprinting, cell cycle pro-
gression, chromatin remodeling, mRNA degrada-
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tion, and translational regulation. The abnormal
functions of IncRNAs can cause diseases’. As a
kind of non-coding RNA, IncRNA cannot pro-
duce a protein with a specific function by transla-
tion, but it exerts a regulatory effect by affecting
and changing the configuration of the specific
target genes. So far, most studies on IncRNAs
focused on their functions in malignancies. Ln-
cRNAs have been identified to regulate apoptosis
and signaling pathways in multiple malignant tu-
mors®. Abnormal proliferation is a specific feature
in tumors, which is also observed in cardiac hy-
pertrophy, which is present as increases in protein
synthesis, cell volume, sarcomere number, and fi-
brous tissue proliferation. Previous studies™® have
shown that IncRNAs may also participate in the
process of cardiac hypertrophy, affecting its oc-
currence and development.

The functional architecture of NEAT1 is an
important component of the paraspeckle, which
is essential for maintaining the morphology and
function of paraspeckle”'. In recent years, the ab-
normal expression of NEAT1 has been reported in
many human malignancies, including leukemia,
glioma, non-small cell lung cancer, and breast can-
cer'. NEATI is considered to promote tumorigen-
esis and tumor development. Some of the biologi-
cal mechanisms of NEAT1 have been revealed. It
is reported that NEAT1 interacts with a variety of
nuclear RNA-binding proteins, such as the cleav-
ing factor family proteins, thus transporting mR-
NAs out of the nucleus. In addition, NEAT1 affects
the expression of some tumor-suppressor genes by
interacting with miRNAs as a ceRNA'*"*. Howev-
er, the specific function of NEAT1 in cardiac hy-
pertrophy has not been elucidated.

Materials and Methods

Experimental Animals

Healthy male Sprague-Dawley (SD) rats
weighing 180-220 g and newborn (1-3 days old)
SD rats were provided by the Experimental An-
imal Center of Beijing University. The rats were
housed in a standard SPF environment with the
temperature of 22°C and relative humidity of 50-
60%. This experiment has been approved by the
Animal Ethics Committee of the Beijing Hospital.

Cardiac Hypertrophy Model in Rats

by Transverse Aortic Coarctation (TAC)
The rats were intraperitoneally injected with

10% chloral hydrate (4 mL/1000 g). After success-
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ful anesthesia, the rats were fixed and sterilized.
A median longitudinal incision was made. Subse-
quently, the abdominal aorta at 0.5 cm above the
left renal artery was ligated alongside the L-type
syringe needle (0.6 mm inner diameter) using 4-0
suture. The needle was then carefully pulled out.
The rats in the sham group received the same pro-
cedures except for ligation.

Culture of Primary Cardiomyocytes

The newborn rats were immersed in alcohol and
the apex was taken out under aseptic conditions. The
apex was gently torn with an ophthalmologist, and
the ventricular muscles were cut into pieces of about
I mm?. The tissues were digested in a 37°C water
bath and shaken at 100 rpm/min for 4-5 repeated di-
gestion. The cells were resuspended in Dulbecco’s
Modified Eagle’s Medium/F-12 (DMEM/F-12) me-
dium (Gibco, Rockville, MD, USA) containing 5%
fetal bovine serum (FBS) (Gibco, Rockville, MD,
USA), 0.1 mM ascorbate, insulin-transferring-sodi-
um selenite media supplement, 100 U/mL penicillin,
100 pg/mL streptomycin, and 0.1 mM bromodeoxy-
uridine. They were seeded in a 25 cm? culture bottle.
After culturing for 1 h at 37°C, the purified primary
cardiomyocytes were isolated due to the differential
adherence of fibroblasts and cardiomyocytes. The
phenotype of cardiac hypertrophy of the isolated
primary cardiomyocytes were induced with 2.5 pg/
mL PE treatment.

Transfection

The transfection was carried out according to the
instructions of the Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA). Briefly, the oligonucleotide
sequence/overexpression plasmid or transfection
reagent was diluted with serum-free medium (100
umol oligonucleotide sequence / 50 ng DNA per
1x10° cells). After gentle mixture and maintenance
for 20 min, the cells were incubated for 8 h. The
medium was replaced and the transfected cells were
cultured for 48 h until use. The small nucleotide se-
quences and plasmids used in the experiments were
all provided by GenePharma (Shanghai, China).

RNA Extraction and Quantitative
Real Time-Polymerase Chain Reaction
(GRT-PCR)

The total RNA of cells or tissues was extract-
ed using TRIzol (Invitrogen, Carlsbad, CA, USA).
The RNA concentration was determined as 500
ng. After the reverse transcription of the extracted
RNA into complementary deoxyribose nucleic acid
(cDNA), the 20 pL reaction system was prepared
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using the SYBR Premix Ex Taq kit. The mRNA
and miRNA were internally referenced by B-actin
and U6, respectively. QRT-PCR reaction conditions
were as follows: Pre-denaturation at 95°C for 30 s,
followed by 40 cycles of 95°C for 5 s and 60°C for
30 s, and finally 94°C for 90 s, 60°C for 180 s. The
PCR amplification product was subjected to 2% aga-
rose electrophoresis (5 V/cm) for 30 minutes, and
the results were observed on a UV detector. Each
sample was tested twice. The primer sequences
were as follows: NEATI1, F: TGGTAAGCCCG-
GGACAGT, R: CAGCGGGAAGGCCTCTCT;
SMYD2, F: TACTGCAATGTGGAGTGTCA-
GA, R: ACAGTCTCCGAGGGATTCCAG;
ANF, F. GCCGGTAGAAGATGAGGTCA,
R: GGGCTCCAATCCTGTCAATC; SKA, F:
GGCTCCCAGCACCATGAAGA, R: CAG-
CACGATTGTCGATTGTCG; B-MHC, F:
GTGAAGGGCATGAGGAAGAG; R: AGG-
CCTTCACCTTCAGCTGC; BNP, F: GCTCTT-
GAAGGACCAAGGCCTCAC, R: GATCCGA
TCCGGTCTATCTTGTGC; MicroRNA-19a-3p,
F: ACACTCCAGCTGGGTGTGCAAATCTAT-
GCAA; R: TGGTGTCGTGGAGTCG.

Determination of Cardiomyocyte
Morphology

The cells were washed with Phosphate-Buffered
Saline (PBS) twice, fixed in paraformaldehyde for
20 minutes and stained with fluorescein isothiocy-
anate (FITC)-Phalloidin for 30-60 min. After PBS
wash, the nucleus was stained with Hoechst 33342
for 5 min. Five randomly selected fields containing
5-10 cardiomyocytes in each were captured using an
inverted fluorescent microscope. The cardiomyo-
cyte surface area was calculated by Image J Soft-
ware (NIH, Bethesda, MD, USA).

Luciferase Reporter Gene Assay
WT-NEAT1, WT-SMYD2, MUT-NEATI, and
MUT-SMY D2 were purchased from Ribobio (Guang-
zhou, China). The Luciferase reporter vector was
co-transfected with microRNA-19a-3p mimic into
cells, followed by Luciferase activity determination.

Western Blot

The total protein was extracted from cell lysis,
quantified and electrophoresed. After transferring
on polyvinylidene difluoride (PVDF) membranes
(Roche, Basel, Switzerland), they were incubated
with primary antibodies at 4°C. At the other day,
the membranes were incubated with the corre-
sponding secondary antibody for 2 h. The bands
were exposed with the enhanced chemilumines-

cence, and integral optical density was analyzed
by gel imaging analysis system.

Statistical Analysis

The data were analyzed by Statistical Product
and Service Solutions (SPSS) 17.0 statistical soft-
ware (SPSS Inc., Chicago, IL, USA). The quanti-
tative data were represented as mean + standard
deviation (X+£s) and analyzed by the #-test. p<0.05
was considered as statistically significant.

Results

Highly Expressed NEATI and Lowly
Expressed MicroRNA-19a-3p in Cardiac
Hypertrophy

First of all, we established an in vivo cardiac
hypertrophy model by TAC procedure. NEAT1
was highly expressed, whereas microRNA-19a-3p
was lowly expressed in myocardium of rats with
cardiac hypertrophy than those of the sham group
(Figure 1A). Subsequently, the primary cardiomy-
ocytes were isolated from newborn SD rats and
induced with PE for establishing the in vitro car-
diac hypertrophy model. Identically, NEAT1 was
highly expressed, whereas microRNA-19a-3p was
lowly expressed in PE-induced hypertrophic car-
diomyocytes than those of the controls (Figure
1B). By comparison, NEATI expression gradu-
ally decreased, and microRNA-19a-3p expression
increased in normal cardiomyocytes with the
prolongation of cell culture (Figure 1C). Besides,
higher expression of NEAT1 was seen in cardio-
myocytes than cardiac fibroblasts (Figure 1D). It
is suggested that NEAT1 was closely related to
cardiomyocyte hypertrophy.

High Expression of NEAT1 Promoted
Cardiomyocyte Hypertrophy

To explore the biological function of NEAT1
in cardiac hypertrophy, we downregulated the ex-
pression of NEAT1 in cardiomyocytes by trans-
fecting three lines of si-NETAI and the most effi-
cacy one was selected for subsequent experiments
(Figure 2A). Compared with the control group, the
cardiomyocyte surface area enlarged and levels of
cardiomyocyte hypertrophic markers increased
after PE treatment. However, NEAT1 knockdown
reduced cardiomyocyte surface area (Figure 2B).
Meanwhile, the expression levels of the cardiac
hypertrophic markers ANF, SKA, B-MHC, and
BNP were also reduced in cardiomyocytes with
NEAT1 knockdown (Figures 2C-2F). Transfec-
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tion efficacy of NEAT1 overexpression plasmid
was then verified (Figure 2G). The overexpres-
sion of NEAT]1 obtained the opposite results with
enlarged cardiomyocyte surface area (Figure
2H) and increased the levels of cardiomyocyte
hypertrophic markers (Figure 2I). These results
suggested that the high expression of NEAT]1 pro-
moted hypertrophic growth of cardiomyocytes.

High Expression of MicroRNA-19a-3p
Inhibited Cardiomyocyte Hypertrophy
Subsequently, we explored the biological
function of microRNA-19a-3p by determining the
cardiomyocyte surface area and cardiac hypertro-
phic marker levels. The surface area of cardiomy-
ocytes overexpressing microRNA-19a-3p was re-
duced (Figure 3A). Besides, the overexpression of

microRNA-19a-3p can remarkably downregulate
the levels of ANF, SKA, B-MHC, and BNP (Fig-
ures 3B-3E). On the contrary, microRNA-19a-3p
knockdown enlarged cardiomyocyte surface area
and upregulated the levels of ANF, SKA, B-MHC,
and BNP (Figures 3F-3G). These results revealed
that high expression of microRNA-19a-3p inhibit-
ed hypertrophic growth of cardiomyocytes.

MicroRNA-19a-3p Bound to NEATT
and SMYD2

To explore the potential role of microR-
NA-19a-3p in cardiac hypertrophy, we predicted
the potential target gene of microRNA-19a-3p via
TargetScan, StarBase, RNA22, and other bioin-
formatics websites, and SMYD2 was screened
out (Figure 4A).
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Figure 1. Highly expressed NEAT1 and lowly expressed microRNA-19a-3p in cardiac hypertrophy. A, NEAT1 was highly
expressed, whereas microRNA-19a-3p was lowly expressed in myocardium of rats with cardiac hypertrophy than those of
the sham group (n=3). B, QRT-PCR data showed that NEAT1 was highly expressed, whereas microRNA-19a-3p was lowly
expressed in PE-induced hypertrophic cardiomyocytes than those of the controls. C, NEAT1 expression gradually decreased,
and microRNA-19a-3p expression increased in normal cardiomyocytes with the prolongation of cell culture. D, NEAT1 was

highly expressed in cardiomyocytes than cardiac fibroblasts.
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Figure 2. High expression of NEAT1 promoted cardiomyocyte hypertrophy. A, QRT-PCR data showed that NEAT1 expression
was inhibited in cardiomyocytes transfected with si-NEAT1. B, Surface area became smaller in PE-induced cardiomyocytes
with NEAT1 knockdown. C-F, QRT-PCR data showed that mRNA levels of ANF, SKA, B-MHC, and BNP decreased in PE-in-
duced cardiomyocytes with NEAT1 knockdown. G, QRT-PCR data showed that NEAT1 expression increased in cardiomyo-
cyte transfected with NEAT1 overexpression plasmid. H, The surface area became larger in PE-induced cardiomyocytes with
NEAT1 overexpression. I, QRT-PCR data showed that mRNA levels of ANF, SKA, B-MHC, and BNP increased in PE-induced
cardiomyocytes with NEAT1 overexpression.
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Figure 3. High expression of microRNA-19a-3p inhibited cardiomyocyte hypertrophy. A, Surface area became smaller in
PE-induced cardiomyocytes with microRNA-19a-3p overexpression. B-E, QRT-PCR data showed that mRNA levels of ANF,
SKA, B-MHC, and BNP decreased in PE-induced cardiomyocytes with microRNA-19a-3p overexpression. F, Surface area be-
came larger in PE-induced cardiomyocytes with microRNA-19a-3p knockdown. G, QRT-PCR data showed that mRNA levels
of ANF, SKA, B-MHC, and BNP increased in PE-induced cardiomyocytes with microRNA-19a-3p knockdown.
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Figure 4. MicroRNA-19a-3p bound to NEAT1 and SMYD2. A-B, Binding sites of microRNA-19a-3p and SMYD?2. The
overexpression of microRNA-19a-3p quenched wild-type SMYD?2 fluorescence in primary cardiomyocytes. C, QRT-PCR data
showed that microRNA-19a-3p overexpression downregulated the SMYD2 expression, whereas microRNA-19a-3p knock-
down upregulated the SMYD2 expression. D, Western blot results showed that microRNA-19a-3p overexpression downreg-
ulated SMYD2 expression, whereas microRNA-19a-3p knockdown upregulated SMYD2 expression. E-F, Binding sites of
microRNA-19a-3p and NEAT1. Overexpression of microRNA-19a-3p quenched wild-type NEAT1 fluorescence in primary
cardiomyocytes.
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The Luciferase Reporter Gene Assay suggest-
ed that the overexpression of microRNA-19a-3p
quenched the wild-type SMYD2 fluorescence in
primary cardiomyocytes (Figure 4B). At the same
time, both mRNA and protein levels of SMYD2
were negatively regulated by microRNA-19a-3p
(Figures 4C and 4D). Similarly, we found a com-
plementary binding site of microRNA-19a-3p to
NEATI. Overexpression of microRNA-19a-3p
quenched the wild-type NEATI fluorescence,
whereas mutant-type NEAT1 was not affected
(Figures 4E and 4F).

MicroRNA-19a-3p Reversed Cardiac
Hypertrophy Induced by NEATT
Overexpression

To further verify that NEATI exerted its pro-
motive function in cardiac hypertrophy through
microRNA-19a-3p, we co-overexpressed NEATI

and microRNA-19a-3p in hypertrophic cardio-
myocytes. The co-overexpressed cardiomyocytes
showed a smaller surface area than those only
overexpressed NEAT1 (Figure 5A). Moreover,
the expression levels of ANF, SKA, B-MHC, and
BNP decreased in the co-overexpressed cardio-
myocytes, as well compared with those only with
NEAT] overexpression (Figures 5B-5E). The pro-
tein levels of ANF and B-MHC obtained identical
changing trends (Figure 5F).

NEATT1 Regulated Cardiac Hypertrophy
Through SMYDZ2

To further verify whether NEAT! can reg-
ulate the expression of SMYD2, we examined
the expression changes of SMYD?2 after altering
NEATI1 expression. QRT-PCR results showed a
positive relationship between the expressions of
NEATI1 and SMYD?2 in cardiomyocytes (Figure
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Figure 5. MicroRNA-19a-3p reversed cardiac hypertrophy induced by NEAT1 overexpression. A, Co-overexpressed NEAT1
and microRNA-19a-3p in cardiomyocytes showed smaller surface area than those only overexpressed NEAT1. B-E, QRT-PCR
data showed that microRNA-19a-3p overexpression in cardiomyocytes reversed the promotive role of NEAT1 overexpres-
sion in upregulating mRNA levels of ANF, SKA, B-MHC, and BNP. F, Western blot results showed that microRNA-19a-3p
overexpression in cardiomyocytes reversed the promotive role of NEAT1 overexpression in upregulating the protein levels of

ANF and B-MHC.
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Figure 6. NEAT1 regulated cardiac hypertrophy through SMYD2. A, QRT-PCR data showed that NEAT1 knockdown
downregulated SMYD2 expression, whereas NEAT1 overexpression upregulated SMYD2 expression. B, SMYD2 knockdown
in cardiomyocytes reversed the enlarged surface area induced by NEAT1 overexpression. C-F, QRT-PCR data showed that
SMYD2 knockdown in cardiomyocytes reversed the increased mRNA levels of ANF, SKA, f-MHC, and BNP induced by
NEAT1 overexpression. G, Western blot results showed that SMYD2 knockdown in cardiomyocytes reversed the increased

protein levels of ANF and B-MHC.

6A). Compared with the cardiomyocytes overex-
pressing NEAT1, the surface area became smaller
in those co-overexpressing NEAT1 and SMYD2
(Figure 6B). The expression levels of ANF, SKA,
B-MHC, and BNP were downregulated in the
co-overexpressed cells as well (Figures 6C-6F).
Identically, the protein levels of ANF and f-MHC
showed decreased changes as same as their

ultimately normalizes ventricular wall tension,
it often leads to many adverse outcomes, such as
sudden death risk and severe heart failure'“.
Researches on IncRNAs relative to cardiovas-
cular diseases are still insufficient. It is reported®
that Bvht exerts a crucial function in stimulating
the differentiation of mouse embryonic stem cells
into cardiac cells. LncRNA-B130042P05 is lowly

mRNA levels (Figure 6G). expressed in mice with heart failure'. It is believed
that plasma IncRNAs may serve as potential bio-

markers for evaluating the disease condition of

Discussion heart failure'®. LncRNA CHRF participates in the

Cardiac hypertrophy is the increased biome-
chanical stress of heart responding to various
external stimuli. Although cardiac hypertrophy

development of cardiac hypertrophy by mediating
miR-489, further indicating the specific role of
IncRNAs in cardiac hypertrophy'’. In this study,
IncRNA NEAT1 was highly expressed in both
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in vivo and in vitro cardiac hypertrophy models.
By comparison, NEAT1 expression gradually de-
creased in normal cardiomyocytes with the prolon-
gation of cell culture. NEAT1 knockdown mark-
edly reduced the cardiomyocyte surface area, and
downregulated the cardiac hypertrophic markers
ANF, SKA, B-MHC, and BNP. Overexpression of
NEAT! obtained the opposite trends. Our results
demonstrated that NEAT1 was a significant risk
factor for promoting cardiac hypertrophy. Further
functional experiments suggested the binding be-
tween NEAT1 and microRNA-19a-3p.

MiRNAs are a class of 18-25 nt, highly con-
served, single-stranded, non-coding RNAs. They
are capable of regulating the eukaryotic gene ex-
pressions, cell development and differentiation, and
individual development. MiRNAs have been identi-
fied for their functions in regulating cardiac hyper-
trophy. A great number of miRNAs negatively reg-
ulate cardiac hypertrophy. For example, miR-1, one
of the key regulators of multiple signaling pathways
found in human and experimental animal models,
attenuates calcium signaling-dependent cardiac hy-
pertrophy by negatively regulating CAM'®. MiR-455
prevents cardiomyocyte hypertrophy induced by
pressure overload by targeting calreticulin'®. MiR-
378 inhibits numerous growth-promoting receptors
and signaling pathways related to cardiac hypertro-
phy*. MiR-155 alleviates cardiac hypertrophy and
improves cardiac function by inhibiting the expres-
sion of the angiotensin II receptor and its down-
stream calcium signaling pathway?'. There is also a
part of miRNAs showing a positive correlation with
cardiac hypertrophy. MiR-208a expression in the
heart is positively related to cardiomyocyte hyper-
trophy and fiber production. Similar to previous
studies, our study showed decreased expression of
microRNA-19a-3p in hypertrophic cardiomyocytes.
The overexpression of microRNA-19a-3p remark-
ably reduced the cardiomyocyte surface area, and
downregulated the levels of the cardiac hypertrophic
markers, suggesting the negative regulatory effect of
microRNA-19a-3p on cardiac hypertrophy. We sub-
sequently verified the binding between miR-19a-3b
and NEAT1. More importantly, microRNA-19a-3p
overexpression could reverse the regulatory role of
NEATI in cardiac hypertrophy. Previous studies
considered ceRNAs as an important pathway for
regulatory functions of IncRNAs. Hence, we further
confirmed that microRNA-19a-3p could directly
regulate SMYD?2, which was regulated by microR-
NA-19a-3p and NEATI.

SMYD (SET and MYND domain-containing
protein) is essential in tumorigenesis and tumor
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development. SMYD?2 is one of the members of
the SMYD family and widely distributed in nor-
mal tissues and tumor tissues®. Expression level
of SMYD2 in bladder cancer cells is higher than
that in normal bladder epithelial cells**. SMYD2
expression is associated with gender, lymph node
infiltration, TNM stage, and survival in esopha-
geal squamous cell carcinoma?®-¢,

SMY D2 transcripts are highly expressed in the
heart, brain, liver, kidney, thymus, and ovary. They
are especially important in maintaining the struc-
ture and function of skeletal muscles?”*. SMYD2
is present in the embryonic maternal gene until
stage 40, which is mainly distributed in the dorsal
medial lip, especially in the facial region of Xeno-
pus laevis. Embryotic Xenopus with a low expres-
sion of SMYD?2 presents abnormal body segment,
mandibular tissue, and strong distortion®. In our
study, we found that low expression of SMYD2
reversed the hypertrophic phenotype of cardio-
myocytes caused by NEATI1 overexpression, fully
demonstrating that NEAT1 promoted cardiac hy-
pertrophy by positively regulating SMY D2.

However, there were still some shortcomings
in this experiment. We did not specifically clarify
the abnormal expression of NEAT1. The methyla-
tion level of NEAT]I in the promoter region or the
expressions of the potential binding transcription
factors may be further elucidated to fully explain
the role of NEAT] in cardiomyocyte hypertrophy.

In general, NEAT1 expression elevated in hy-
pertrophic cardiomyocytes, which promoted the
expression of SMYD2 by adsorbing miR-19a-3b,
thereby accelerating cardiomyocyte hypertrophy.
It provides a new target for the treatment of cardi-
ac hypertrophy in the future.

Conclusions

In summary, NEAT1 promotes the occurrence
and progression of cardiac hypertrophy by up-
regulating SMYD?2 through binding to microR-
NA-19a-3p.

Acknowledgments

This study was supported by the National Natural Science
Foundation of China (81600190) and Beijing Hospital clin-
ical research fund (bj-2018-013).

Conflict of Interests
The authors declare that they have no conflict of interests.



LNcRNA NEATT promotes cardiac hypertrophy

References

1) Nakamura M, SabosHima J. Mechanisms of physio-
logical and pathological cardiac hypertrophy. Nat
Rev Cardiol 2018; 15: 387-407.

2) CHen C, Ponnusamy M, Liu C, Gao J, WanG K, Li
P. MicroRNA as a therapeutic target in cardiac
remodeling. Biomed Res Int 2017; 2017: 1278436.

3) Dabson K, Hauck L, Bituia F. Molecular mecha-
nisms in cardiomyopathy. Clin Sci (Lond) 2017;
131: 1375-1392.

4) Rosca MG, TanpLer B, Horper CL. Mitochondria in
cardiac hypertrophy and heart failure. J Mol Cell
Cardiol 2013; 55: 31-41.

5) Funtort L. Non-coding RNA: structure and func-
tion for IncRNAs. Nat Rev Genet 2013; 14: 598.

6) HErRMANS-BEUNSBERGER S, VAN BILsEN M, ScHroen B. Long
non-coding RNAs in the failing heart and vascula-
ture. Noncoding RNA Res 2018; 3: 118-130.

7)Lu L, AN X, Li Z SonG Y, Li L, Zuo S, Liu N, YanG
G, WANG H, CHENG X, ZHANG Y, YANG X, WANG J. The
H19 long noncoding RNA is a novel negative reg-
ulator of cardiomyocyte hypertrophy. Cardiovasc
Res 2016; 111: 56-65.

8) Han P, Li W, Lin CH, YanG J, SHANG C, NUERNBERG ST, JiN
KK, Xu W, LN CY, LiIn CJ, XioNG Y, CHEN H, ZHou B, AsHLEY
E, BernsteIN D, CHEN PS, CHEN HV, Quertervous T, CHANG
CP. A long noncoding RNA protects the heart from
pathological hypertrophy. Nature 2014; 514: 102-106.

9) Yamazaki T, Souauere S, CHuso T, Koserke S, CHONG
YS, Fox AH, Bonbp CS, NAKAGAWA S, PIERRON G, HI-
rose T. Functional domains of NEAT1 architectural
IncRNA induce paraspeckle assembly through
phase separation. Mol Cell 2018; 70: 1038-1053.

10) FuJW, Kong Y, Sun X. Long noncoding RNA NEAT1
is an unfavorable prognostic factor and regulates
migration and invasion in gastric cancer. J Cancer
Res Clin Oncol 2016; 142: 1571-1579.

11) Yu X, Li Z, ZHenG H, CHAaN MT, Wu WK. NEATT: a
novel cancer-related long non-coding RNA. Cell
Prolif 2017; 50. doi: 10.1111/cpr.12329.

12) L1 Y, CHen D, Gao X, Li X, SHi G. LncRNA NEATA
regulates cell viability and invasion in esophageal
squamous cell carcinoma through the miR-129/
CTBP2 axis. Dis Markers 2017; 2017: 1-11.

13) XN T, ZnanGg G, Hul Z, Yang L, Znu C. Long
non-coding RNA NEAT1 contributes to docetaxel
resistance of prostate cancer through inducing
RET expression by sponging miR-34a. RSC Adv
2017; 7: 42986-42996.

14) Liu R, ZHANG HB, YanG J, WanG JR, Liu JX, Li CL.
Curcumin alleviates isoproterenol-induced cardi-
ac hypertrophy and fibrosis through inhibition of
autophagy and activation of mTOR. Eur Rev Med
Pharmacol Sci 2018; 22: 7500-7508.

15) KrattenHorF CA, ScHEUERMANN JC, SURFACE LE, BRAD-
Ly RK, Fieps PA, SteNnHAuser ML, Ding H, Butty
VL, Torrey L, Haas S, ABo R, TABEBORDBAR M, LEE
RT, Burce CB, Bover LA. Braveheart, a long non-
coding RNA required for cardiovascular lineage
commitment. Cell 2013; 152: 570-583.

16) LiD, CHEN G, YANG J, Fan X, Gong Y, Xu G, Cul Q, GENG
B. Transcriptome analysis reveals distinct patterns of
long noncoding RNAs in heart and plasma of mice
with heart failure. PLoS One 2013; 8: €77938.

17) Wana K, Liu F, ZHou LY, LoNG B, Yuan SM, WANG Y,
Liu CY, Sun T, ZHanG XJ, Li PF. The long noncoding
RNA CHRF regulates cardiac hypertrophy by tar-
geting miR-489. Circ Res 2014; 114: 1377-1388.

18) Ikepa S, He A, Kong SW, Lu J, Besar R, Bobvak N,
Lee KH, Ma Q, Kang PM, Gorus TR, Pu WT. Mi-
croRNA-1 negatively regulates expression of the
hypertrophy-associated calmodulin and Mef2a
genes. Mol Cell Biol 2009; 29: 2193-2204.

19) Wu C, Dong S, L1 Y. Effects of miRNA-455 on car-
diac hypertrophy induced by pressure overload.
Int J Mol Med 2015; 35: 893-900.

20) GANESAN J, RamANuIAM D, Sassi Y, AHLEs A, JENTZSCH
C, WERFEL S, LEIERSEDER S, Lover X, GIACCA M, ZENTILIN
L, THum T, LAaGGerRBAUER B, EnGELHARDT S. MiR-378
controls cardiac hypertrophy by combined repres-
sion of mitogen-activated protein kinase pathway
factors. Circulation 2013; 127: 2097-2106.

21) YanG Y, Zrou Y, Cao Z, TonG XZ, Xie HQ, Luo T, Hua
XP, WanG HQ. MiR-155 functions downstream of
angiotensin Il receptor subtype 1 and calcineurin
to regulate cardiac hypertrophy. Exp Ther Med
2016; 12: 1556-1562.

22) Diniz GP, Takano AP, Barreto-CHaves ML. MiR-
NA-208a and miRNA-208b are triggered in thy-
roid hormone-induced cardiac hypertrophy - role
of type 1 Angiotensin Il receptor (AT1R) on miR-
NA-208a/alpha-MHC modulation. Mol Cell Endo-
crinol 2013; 374: 117-124.

23) Xu S, ZHonG C, ZHANG T, DinG J. Structure of human
lysine methyltransferase Smyd2 reveals insights
into the substrate divergence in Smyd proteins. J
Mol Cell Biol 2011; 3: 293-300.

24) CHo HS, Havami S, Tovokawa G, MAesmA K, YAMANE
Y, Suzuki T, DoHMAE N, KoGure M, KanG D, NEAL
DE, PonDper BA, YAMAUE H, NAKAMURA Y, HAMAMOTO
R. RB1 methylation by SMYD2 enhances cell
cycle progression through an increase of RB1
phosphorylation. Neoplasia 2012; 14: 476-486.

25) Komarsu S, Imoto I, Tsuba H, Kozaki KI, MURAMATSU
T, SHIMADA Y, Aiko S, YosHizumi Y, IcHIKAWA D, OTtsuJi
E, Inazawa J. Overexpression of SMYD2 relates to
tumor cell proliferation and malignant outcome of
esophageal squamous cell carcinoma. Carcino-
genesis 2009; 30: 1139-1146.

26) WeinsTein 1B, Joe AK. Mechanisms of disease:
oncogene addiction--a rationale for molecular
targeting in cancer therapy. Nat Clin Pract Oncol
2006; 3: 448-457.

27) DonuN LT, AnpreseN C, JusT S, RuDeNsky E, PAPPAs
CT, Kruger M, Jacoss EY, UNGER A, ZESENISS A,
DoBenecker MW/, VoEeLkeL T, CHAIT BT, Grecorio CC,
RottBAUER W/, TARAKHOVSKY A, Linke WA. Smyd2
controls cytoplasmic lysine methylation of Hsp90
and myofilament organization. Genes Dev 2012;
26: 114-119.

28) DieHL F, BRowN MA, vAN AMERONGEN MJ, NOVOYATLEVA
T, WieTeLMANN A, HARrriss J, FErrazzi F, BorTGer T,
Harvey RP, Tucker PW, Encer FB. Cardiac deletion
of Smyd2 is dispensable for mouse heart devel-
opment. PLoS One 2010; 5: e9748.

28) KAawaMURA S, YosHiGAl E, KuHARA S, TasHIRo K. Smyd1
and smyd2 are expressed in muscle tissue in
Xenopus laevis. Cytotechnology 2008; 57: 161-
168.



