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IncRNA ZEB2-AS1 stimulates cardiac
hypertrophy by downregulating PTEN
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Abstract. Cardiac hypertrophy (CH) is closely related to a
range of cardiovascular diseases, including heart failure and
sudden cardiac death. The present study aimed to elucidate
the role of long non-coding RNA (IncRNA) ZEB2 antisense
RNA 1 (ZEB2-AS1) in regulating the hypertrophic process
of cardiomyocytes and the potential underlying mechanism.
An in vivo CH mouse model was established by performing
transverse aortic constriction procedures. An in vitro CH
model was established in primary cardiomyocytes isolated
from mice by phenylephrine (PE) treatment. The relative
protein levels of BNP, ANP and PTEN in cells with different
groups (CH group and control group) were determined by
western blotting. Relative expression levels of ZEB2-ASI1,
natriuretic peptide A (ANP) and brain natriuretic peptide
(BNP) were determined in both in vivo and in vitro CH
models. The regulatory effects of ZEB2-AS1/phosphatase
and tensin homolog (PTEN) on cell surface area, and the
relative expression levels of ANP and BNP were explored.
ZEB2-AS1, ANP and BNP expression levels were increased
in both in vivo and in vitro CH models compared with the
sham and negative control groups, respectively. ZEB2-AS1
knockdown decreased cell surface area, and downregulated
ANP and BNP expression levels in PE-treated primary
cardiomyocytes. Similarly, PTEN overexpression reduced
cell surface area, and downregulated ANP and BNP expres-
sion levels in PE-treated primary cardiomyocytes. Moreover,
PTEN reversed the regulatory effects of ZEB2-AS1 on
hypertrophic cardiomyocytes. Therefore, the present study
suggested that IncRNA ZEB2-AS1 may influence the
progression of CH by downregulating PTEN.
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Introduction

Cardiac hypertrophy (CH) is closely related to a range of
cardiovascular diseases, including heart failure and sudden
cardiac death (1). CH is the adaptive response to counteract
stresses and maintain normal cardiac function (2). In response
to external mechanical or pathological stresses, the heart under-
goes cardiac remodeling, which manifests as CH by increasing
the size and surface area of cardiomyocytes (3). Continuous
CH usually coincides with maladaptive cardiac remodeling (4).
Diverse factors are involved in the pathological progression
of CH, including altered levels of noradrenaline, angiotensin
I1, interleukin-6 and long non-coding (IncRNA) (4); however,
understanding the specific molecular mechanisms underlying
CH is of significance for improving the diagnostic and thera-
peutic efficacies of CH.

IncRNAs are non-coding RNAs that are >200 nucleotides
in length (5). IncRNAs are involved in a number of processes,
such as epigenetics, cell cycle and cell differentiation (6).
In addition, some studies have reported that IncRNAs are
also key regulators of various cardiovascular diseases (7-9).
For example: IncRNA TINCR ubiquitin domain containing
inhibits CH by epigenetically silencing calcium/calmodulin
dependent protein kinase II (8); IncRNA myocardial infarc-
tion-associated transcript contributed to CH by regulating
toll-like receptor 4 via microRNA (miR)-93 (9); and IncRNA
cardiac hypertrophy-related factor (CHRF) promotes CH
by targeting miR-93 to further regulate Akt3 expression
levels (10). It has also been reported that IncRNA ZEB2-AS1
is a molecule involved in tumor biology (11) that promotes
bladder cell proliferation and inhibits apoptosis by modulating
miR-27b (12). By targeting the miR-204/high mobility group
box 1 axis, ZEB2-ASI1 promotes pancreatic cancer cell prolif-
eration and invasion (13). In gastric cancer, IncRNA ZEB2-AS1
is upregulated, and affects cell proliferation and invasion via
the miR-143-5p/hypoxia inducible factor 1 subunit a axis (14).
However, the specific function of ZEB2-ASI in cardiovascular
diseases, especially CH, is not completely understood.

The present study constructed both in vivo and in vitro CH
models by TAC procedures and PE treatment, respectively.
The aim of the present study was to investigate the role of
ZEB2-ASI in CH.
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Materials and methods

Experimental animals. Specific pathogen free male C57BL6
mice (age, 8 weeks; weight, 20-25 g) were selected for
constructing the in vivo CH model. Mice in the CH group
(n=8) were anesthetized with an intraperitoneal injection
of 100 mg/kg ketamine and 5 mg/kg xylazine. Intubation
was performed with a volume circulatory ventilator and a
midline incision was made above the sternum. Muscles were
carefully separated to expose the trachea. After trachea
cannula, the second rib on the left side of the thoracic
cavity was cut using surgical scissors, and both thymuses
were pushed aside to expose the ascending aortic arch. A
27G needle was punctured into the ascending aorta in its
natural growth direction. After ligation of the ascending
aorta using a 5-0 suture, the needle was gently pulled
out to perform transverse aortic constriction (TAC) and
establish pressure overload-induced cardiac hypertrophy.
Mice in the sham group (n=8) underwent anesthesia and
exposure of the ascending aortic arch without puncture and
ligation. Mice were euthanized via cervical dislocation at
6 weeks after the cardiac hypertrophy model was estab-
lished. Subsequently, the heart and lung were harvested for
subsequent experiments. Signs of severe pain, including
abnormal movement and sound, were considered as humane
endpoints requiring immediate euthanasia in the present
study. The present study was approved by the Animal
Ethics Committee of Nanjing Medical University Animal
Center (approval no. 2016NJMU-043A-23).

Cell culture of primary cardiomyocytes. As previously
described (15), primary cardiomyocytes were isolated
from newborn mice (Nanjing Medical University). Briefly,
five newborn mice were sacrificed by cervical dislocation.
Following isolation, heart tissues were cut into small pieces and
digested. After centrifugation at 4°C and 1,050 x g for 10 min,
the pellet was resuspended in DMEM (Gibco; Thermo Fisher
Scientific, Inc.) and inoculated in collagen-coated plates. For
24 h, cardiomyocytes were cultured in serum-free medium at
37°C. Subsequently, the medium was replaced with DMEM
containing 10% fetal bovine serum (Gibco; Thermo Fisher
Scientific, Inc.). To induce an in vitro CH model, primary
cardiomyocytes (3x10°) were treated with 100 M phenyl-
ephrine (PE) (Beyotime Institute of Biotechnology) for 36 h
at 37°C. Cell surface area was measured as described previ-
ously (3).

RNA extraction and reverse transcription-quantitative PCR
(RT-qgPCR). Total RNA was extracted from cardiomyocytes
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) and the concentration of total RNA was measured using
an ultraviolet spectrophotometer (Hitachi, Ltd.). Total RNA
was reverse transcribed into cDNA at 50°C for 45 min using a
PrimeScript RT reagent kit (Takara Biotechnology Co., Ltd.),
according to the manufacturer's protocol. gPCR was subse-
quently performed using the SYBR-Green Master kit (Roche
Diagnostics). The reaction system volume was 25 pl in total
and the cycling conditions were: Pre-denaturation at 95°C for
5 min, denaturation at 95°C for 30 sec, annealing at 60°C for
45 sec, extension at 72°C for 3 min, with 35 cycles, and then

extension at 72°C for 5 min. JPCR products were stored at
4°C. The relative levels were quantitatively analyzed using the
2-AACq method (16). GAPDH was used as internal reference.
Primer sequences were as follows: GAPDH forward, 5-GCA
AGGATACTGAGAGCAAGAG-3' and reverse, 5'-GGATGG
AATTGTGAGGGAGATG-3'; ANP forward, 5-GCCCTC
ATTTTGGCCATCAG-3' and reverse, 5-TTCCCACTTGAG
CAGCATTG-3"; BNP forward, 5"TGTCCTACAGGGACC
CCTTC-3' and reverse, 5'-CGCTCAGGGAACCGATTC
TA-3"; PTEN forward, 5“TGTGGTCTGCCAGCTAAAGG-3'
and reverse, 5'-ACACACAGGTAACGGCTGAG-3'.

Western blotting. The cells were lysed using cell lysis buffer
(cat. no. QC25-05099; Shanghai Qincheng Biological
Technology Co.,Ltd.). Total protein from cells was extracted
using radioimmunoprecipitation assay buffer and was quan-
tified using the bicinchoninic acid method (both reagents
supplied by Beyotime Institute of Biotechnology) method.
A total of 30 ug of protein was added into each lane for
the electrophoresis. The extracted proteins were separated
using a 10% sodium dodecyl sulphate polyacrylamide elec-
trophoresis gel. After transfer onto polyvinylidene fluoride
membranes (EMD Millipore), the protein was blocked in
5% skim milk for 2 h, incubated with primary antibodies
at 4°C overnight and secondary antibodies at 20°C for 2 h.
Bands were developed with an enhanced chemilumines-
cence (ECL) detection kit (GE Healthcare) and analyzed
using Imagel] Software (version 1.38; National Institutes
of Health). Rabbit polyclonal ANP antibody (1:1,000;
cat. no. ab225844), rabbit monoclonal BNP antibody
(1:2,000; cat. no. ab243440), rabbit polyclonal PTEN anti-
body (1:1,000; cat. no. ab170941), rabbit polyclonal GAPDH
antibody (1:500; cat. no. ab37168) and secondary goat
anti-rabbit (HRP) IgG antibody (1;2,000; cat. no. ab6721)
were all purchased from Abcam.

Vector construction and transfection. pcDNA3.0-ZEB2-AS1
and pcDNA3.0-PTEN vectors were constructed by cloning
the cDNAs of ZEB2-AS1 and PTEN into the mammalian
expression vector pcDNA3.0 (Invitrogen; Thermo Fisher
Scientific, Inc.). Cardiomyocytes (3x10°) were transfected with
pcDNA3.0-ZEB2-AS1 (100 nM), pcDNA3.0-PTEN (100 nM),
pcDNA-control (NC) (100 nM), si-ZEB2-AS1 (100 nM;
5'-CAAAGGACACCTTTGGTTACCTGAA-3") or control
siRNA (100 nM; all supplied by Shanghai Qincheng Biological
Technology Co., Ltd.) using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). At 48 h post-transfection, cells
were used for subsequent experiments.

Statistical analysis. Statistical analyses were conducted
using SPSS software (version 18.0; SPSS Inc.). Figure
editing was performed using GraphPad Prism software
(version 6.0; GraphPad Software, Inc.). Data are expressed
as the mean =+ standard deviation. The experiments were
repeated three times. Differences between two groups were
analyzed using the paired Student's t-test. Comparisons
among multiple groups were analyzed using one-way
ANOVA followed by the Bonferroni post hoc test. P<0.05
was considered to indicate a statistically significant differ-
ence.
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Figure 1. ZEB2-ASI upregulation in cardiac hypertrophy model mice. (A) Relative expression level of ZEB2-AS1 in the sham and TAC groups. (B) Protein and
(C) mRNA expression levels of ANP and BNP in the sham and TAC groups. ZEB2-AS1, ZEB2 antisense RNA 1; TAC, transverse aortic constriction; ANP,
natriuretic peptide A; BNP, brain natriuretic peptide. "P<0.05.
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Figure 2. ZEB2-AS1 knockdown protects against PE-induced cardiac hypertrophy. (A) mRNA and (B) protein expression levels of PTEN in primary cardio-
myocytes transfected with pcDNA-NC or pcDNA-PTEN. ZEB2-ASI expression levels in primary cardiomyocytes transfected with (C) si-NC, si-ZEB2-AS1,
(D) pcDNA-NC or pcDNA-ZEB2-AS1. (E) ZEB2-ASI1 expression levels in untreated, PE-treated (100 uM) or PE-treated + si-ZEB2-ASI-transfected primary
cardiomyocytes. (F) Cell surface area in untreated, PE-treated (100 M) or PE-treated + si-ZEB2-AS1-transfected primary cardiomyocytes. (G) Protein
and (H) mRNA expression levels of ANP and BNP in untreated, PE-treated (100 M) or PE-treated + si-ZEB2-ASI-transfected primary cardiomyocytes.
ZEB2-ASI1, ZEB2 antisense RNA 1; PE, phenylephrine; PTEN, phosphatase and tensin homolog; NC, negative control; si, small interfering RNA; ANP,

natriuretic peptide A; BNP, brain natriuretic peptide. "P<0.05.

Results

ZEB2-ASI upregulation in CH model mice. IncRNA
ZEB2-AS1 expression levels in mice undergoing TAC or
sham operation were determined. Compared with the sham
group, the TAC group displayed higher expression levels
of ZEB2-AS1 (Fig. 1A). Moreover, the relative expression
levels of ANP and BNP were upregulated in the TAC group
compared with the sham group (Fig. 1B and C). The results
indicated that ZEB2-AS1 may be associated with CH.

ZEB2-AS1 knockdown protects against PE-induced CH.
Following treatment with pcDNA-PTEN, the mRNA and

protein expression levels of PTEN were notably increased
in primary cardiomyocytes compared with the pcDNA-NC
group (Fig. 2A and B). Following treatment with si-ZEB2-AS1
or pcDNA-ZEB2-AS1, ZEB2-ASI1 expression levels were
significantly decreased or increased in primary cardio-
myocytes compared with the si-NC and pcDNA-NC groups,
respectively (Fig. 2C and D). Primary cardiomyocytes
were treated with PE (100 yM), a trigger for in vitro CH,
for 36 h. PE treatment significantly upregulated ZEB2-AS1
expression levels in primary cardiomyocytes compared
with the NC group; however, si-ZEB2-AS1 transfection
reversed PE-mediated effects on ZEB2-AS1 expression
(Fig. 2E). Compared with the NC group, cell surface area
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Figure 3. PTEN overexpression protects against PE-induced cardiac hypertrophy. (A) PTEN expression levels in untreated, PE-treated (100 M) or
PE-treated + pcDNA-PTEN-transfected primary cardiomyocytes. (B) Cell surface area in untreated, PE-treated (100 #M) or PE-treated + pcDNA-PTEN-trans-
fected primary cardiomyocytes. (C) Protein and (D) mRNA expression levels of ANP and BNP in untreated, PE-treated (100 xM) or PE-treated +
pcDNA-PTEN-transfected primary cardiomyocytes. PTEN, phosphatase and tensin homolog; PE, phenylephrine; ANP, natriuretic peptide A; BNP, brain

natriuretic peptide; NC, negative control. “P<0.05.

was significantly increased by PE treatment, which was
reversed by ZEB2-AS1 knockdown (Fig. 2F). ANP and BNP
protein and mRNA expression levels were notably increased
by PE treatment compared with the NC group. By contrast,
si-ZEB2-ASI transfection decreased PE-induced ANP and
BNP expression (Fig. 2G and H). The results suggested that
dysregulated ZEB2-AS1 expression may serve as a vital
factor leading to CH.

PTEN overexpression protects against PE-induced CH.
Subsequently, the involvement of PTEN in the process
of CH was explored. The RT-qPCR results indicated that
PTEN expression was significantly decreased in PE-treated
primary cardiomyocytes compared with the NC group, and
pcDNA-PTEN transfection reversed PE-mediated downregu-
lation of PTEN expression (Fig. 3A). PTEN overexpression
significantly decreased PE-mediated increased cell surface
area in primary cardiomyocytes (Fig. 3B). Furthermore,
PE treatment obviously increased ANP and BNP protein
and mRNA expression levels compared with the NC group,
whereas PE-mediated effects on ANP and BNP expression
were reversed by PTEN overexpression (Fig. 3C and D).

PTEN reverses ZEB2-ASI-mediated effects on CH. A series
of rescue assays were conducted to clarify the effects of
ZEB2-AS1/PTEN in CH. ZEB2-ASI overexpression-induced
enlarged cell surface area in cardiomyocytes was partially
reversed by PTEN overexpression (Fig. 4A). Additionally,
ZEB2-ASI1 overexpression upregulated ANP and BNP expres-
sion levels in PE-treated cardiomyocytes, which were reversed
by co-transfection with pcDNA-PTEN (Fig. 4B). Therefore,
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Figure 4. PTEN reverses ZEB2-ASI-mediated effects on cardiac hyper-
trophy. (A) Cell surface area in untreated, PE-treated (100 zM), PE-treated
+ pcDNA-ZEB2-AS1-transfected, and PE-treated + pcDNA-ZEB2-AS1-
and pcDNA-PTEN-transfected primary cardiomyocytes. (B) ANP and
BNP expression levels in untreated, PE-treated (100 uM), PE-treated +
pcDNA-ZEB2-AS|1-transfected, and PE-treated + pcDNA-ZEB2-ASI1- and
pcDNA-PTEN-transfected primary cardiomyocytes. PTEN, phosphatase
and tensin homolog; ZEB2-AS1, ZEB2 antisense RNA 1; PE, phenylephrine;
ANP, natriuretic peptide A; BNP, brain natriuretic peptide. "P<0.05.
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the results indicated that ZEB2-AS1 aggravated CH by down-
regulating PTEN.

Discussion

CH is a common heart disease (1-3). Pathological hyper-
trophy of the heart leads to a decline in cardiac function and
eventually results in heart failure (17). CH is a hallmark of
cardiovascular diseases and an important predictor of adverse
cardiovascular outcomes, including hypertension and myocar-
dial infarction (18). CH is initially an adaptive response to
persistent overload; however, long-term progression leads to
heart failure and death (19). Due to alterations to lifestyle and
diet, the mortality and morbidity of cardiovascular diseases
have increased annually (20). Cardiovascular diseases, such
as coronary heart disease and severe heart failure, remain
the leading causes of human death worldwide (21). CH is a
precursor lesion and independent risk factor for coronary heart
disease, heart failure, sudden cardiac death and other heart
diseases (22). In particular, pathological CH leads to impaired
cardiac function and is a major determinant of common heart
diseases (23,24).

Persistent CH is closely related to the expression of embry-
onic genes, including ANP and BNP (1). The present study
indicated that IncRNA ZEB2-ASI1 was significantly upregu-
lated in mice undergoing TAC procedures compared with
the sham group. ZEB2-AS1 knockdown reversed PE-induced
cardiomyocyte hypertrophy, including enlarged cell surface
area, and upregulation of ANP and BNP expression. Therefore,
it was suggested that ZEB2-AS1 may aggravate the progres-
sion of CH.

PTEN can alleviate tumor progression by antagonizing the
activities of phosphorylases, such as tyrosine kinases (25). It
has been reported that PTEN mutations exist in multiple types
of tumors, which is considered to be the star tumor-suppressor
gene after the discovery of p53 (26-33). IncRNA growth
arrest-specific transcript 5 induces PTEN expression by
inhibiting miR-103 in endometrial cancer cells (34). IncRNA
maternally expressed 3 alters ovarian cancer cell proliferation,
invasion and migration by regulating PTEN (35). IncRNA fer-1
like family member 4 (pseudogene) suppresses endometrial
cancer cell proliferation by regulating PTEN expression (36).
However, the role of PTEN in CH is not completely under-
stood. The present study indicated that PTEN expression
was decreased in PE-induced hypertrophic cardiomyocytes
compared with the NC group. The results indicated that PTEN
overexpression protected against CH, manifesting as reduced
cell surface area, and downregulation of ANP and BNP expres-
sion levels compared with the PE group. Moreover, enlarged
cell surface area, and upregulated ANP and BNP expression
levels in ZEB2-AS1-overexpression cardiomyocytes were
partially reversed by PTEN overexpression. Collectively, the
results indicated that ZEB2-AS1 aggravated CH by targeting
PTEN; therefore, it was suggested that IncRNA ZEB2-AS1
may influence the progression of CH by downregulating
PTEN.
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