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 Background: Cardiac myocyte hypertrophy results from clinical conditions that include hypertension and valvular heart dis-
ease, and can result in heart failure. This study aimed to investigate the expression and role of the long non-
coding RNA FTX (lnc-FTX), an X-inactive-specific transcript (XIST) regulator transcribed from the X chromosome, 
in hypertrophy of neonatal mouse cardiac myocytes induced by angiotensin II (Ang II) in vitro.

 Material/Method: Cardiac myocytes were isolated from neonatal mice and cultured with and without Ang II. Immunofluorescence, 
with localization of an antibody to alpha-smooth muscle actin (a-SMA), was used to identify the neonatal 
mouse cardiac myocytes. Quantitative real-time polymerase chain reaction (qRT-PCR) measured gene expres-
sion levels. The cell counting kit-8 (CCK-8) assay was used to determine cell viability, and Western blot mea-
sured protein expression. StarBase v2.0 bioinformatics software was used for target gene prediction and was 
confirmed with the luciferase reporter assay.

 Results: The expression of lnc-FTX was reduced in mouse cardiac myocytes treated with Ang II. Overexpression of lnc-FTX 
reduced cell apoptosis, cardiomyocyte contractility, and the expression of c-Jun, A-type natriuretic peptide (ANP), 
and B-type natriuretic peptide (BNP) induced by Ang II. The target of lnc-FTX was micro-RNA 22 (miRNA-22). 
The mechanism of action of lnc-FTX in neonatal mouse cardiac myocytes was through suppression of the 
PI3K/Akt signaling pathway by promoting the release of PTEN by sponging miRNA-22.

 Conclusions: The expression of lnc-FTX was associated with reduced hypertrophy of neonatal mouse cardiac myocytes and 
regulated the PTEN/PI3K/Akt signaling pathway by sponging miRNA-22.
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Background

Clinically, cardiac hypertrophy can be identified on imaging 
studies that include chest X-radiograph or computed tomog-
raphy (CT), supported by studies of cardiac function [1]. Cardiac 
hypertrophy results from clinical conditions that include hy-
pertension and valvular heart disease but is also associated 
with dilated and hypertrophic cardiomyopathy [2–4]. Cardiac 
hypertrophy is an adaptive response to maintain cardiac out-
put and cardiac contractility and results from hypertrophy of 
cardiac myocytes. Cardiac hypertrophy may be physiological 
as a consequence of physical exercise, or pathological, which 
results in irreversible myocardial thickening and can result in 
heart failure [5]. Heart failure has a high mortality rate [6]. 
Therefore, early intervention and control of hypertrophy of car-
diac myocytes are required to prevent heart failure. Currently, 
treatment for patients with heart failure is symptomatic and 
aimed at reducing disease progression, and new approaches 
to treatment are needed.

Long noncoding RNAs (lncRNAs) are more than 200 nucleotides 
in length and are without the ability to encode protein, and 
were initially believed to represent transcriptional ‘noise’ [7]. 
Currently, lncRNAs have been shown to regulate gene expres-
sion in physiological and pathological processes, including glu-
cose metabolism, diabetes, cancer, myocardial hypertrophy, and 
atherosclerosis [8–12]. Studies have identified pivotal roles for 
lncRNA in the regulation of gene expression in cardiac hyper-
trophy. For example, lnc-MAGI1-IT1 has been identified as a 
negative regulator of cardiac hypertrophy by inactivating the 
Wnt/beta-catenin pathway [13].

The long noncoding RNA FTX (lnc-FTX), an X-inactive-specific 
transcript (XIST) regulator transcribed from the X chromosome, 
was reported to possess protective effects in cardiomyocyte 
hypertrophy by sponging miR-330-3p [14]. Lnc-FTX has been 
investigated in gliomas, in the development of drug resistance 
in acute myeloid leukemia (AML) and in hepatocellular carci-
noma (HCC) [15–17]. Recently, lnc-FTX has been shown to par-
ticipate in the apoptosis cascade in cardiomyocytes, but the 
effects of lnc-FTX in cardiac hypertrophy remain unknown. 
An in vitro animal model of angiotensin II (Ang II)-induced car-
diac myocyte hypertrophy has been previously reported [18–22].

Therefore, this study aimed to investigate the expression and 
role of lnc-FTX in hypertrophy of neonatal mouse cardiac my-
ocytes induced by angiotensin II (Ang II) in vitro.

Material and Methods

Isolation, culture, and treatment of mouse cardiac 
myocytes

Ten-week-old C57BL/6 mice were obtained from Soochow 
University. All animal experiments were conducted according 
to the ethical guidelines of Soochow University. The isolation 
of mouse cardiac myocytes was performed in aseptic condi-
tions, as previously described [23]. The isolated cells were in-
cubated in 96-well plates in Dulbecco’s modified Eagle’s me-
dium (DMEM) at 37°C at a cell density of 3×104. The cells were 
treated with 10–8 mol/L of angiotensin II (Ang II) for 24 h to de-
velop the in vitro cell model of cardiac myocyte hypertrophy. 
After treatment with Ang II, the cells were transfected with long 
noncoding RNA FTX (lnc-FTX) mimic or the pcDNA expression 
vector. The cell model treated with Ang II, and cells without 
Ang II treatment represented the control groups. The mouse 
cardiac myocytes were divided into four study groups: the con-
trol group; the Ang II treated group; the pcDNA + Ang II treated 
group; and the lnc-FTX mimic+Ang II treated group.

Immunofluorescence

An immunofluorescent staining assay was performed to iden-
tify the isolated cardiac myocytes. Polychlorinated formal-
dehyde (4%) was used to fix the cells for 30 min. The cells 
were incubated with a primary antibody to alpha-smooth 
muscle actin (a-SMA) (1: 100), followed by a secondary 
fluorescein-conjugated antibody. After washing the cells, 
the cell nuclei were stained with 4’,6-diamidino-2-phenylin-
dole (DAPI). The immunofluorescence-stained mouse cardiac 
myocytes were observed by using fluorescence microscopy.

Cell Counting Kit-8 (CCK-8) assay

The density of cells seeded in 96-well plates was 1×104, and 
the cells were incubated for 24 h, 48 h, and 72 h respectively. 
After Ang II treatment or transfection with the lnc-FTX mimic, 
10 μL of CCK-8 solution was added to each well and incubat-
ed with the cells for 2 h. The absorbance at 450 nm was mea-
sured using a Multiskan FC microplate reader (Thermo Fisher 
Scientific, Waltham, MA, USA).

The surface area of cardiac myocytes

The cells in the control group, the Ang II treated 
group, the pcDNA+Ang II treated group, and the lnc-FTX 
mimic+Ang II-treated group were stained by using crystal violet. 
Then, 100 random cardiomyocytes from the four study 
groups were selected for cell surface area assessment by 
using Image-pro Plus version 7.0 image analysis (Olympus, 
Tokyo, Japan).
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Quantitative real-time polymerase chain reaction 
(qRT-PCR)

The total RNA from the mouse cardiac myocytes from the four 
study groups were separated by using an RNA isolation kit 

(Thermo Fisher Scientific, Waltham, MA, USA). Then, qRT-PCR 
was performed under the following cycle condition: 95°C for 
10 seconds; 40 cycles at 95°C for 10 seconds; and 60 cycles 
at 72°C for 20 seconds. The 2–DDCt method was used to calcu-
late the expression of the target.

α-SMA DAPI Merge

Figure 1.  Immunofluorescence with localization of an antibody to alpha-smooth muscle actin (a-SMA) was used to identify the 
neonatal mouse cardiac myocytes.
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Figure 2.  Long noncoding RNA FTX (lnc-FTX) expression, cell viability, myocardial beat frequency, and cell surface area in the 
study groups. (A) Expression of long noncoding RNA FTX (lnc-FTX) in the study groups. *** P<0.001 vs. the control 
group. ### P<0.001 vs. the miRNA-NC group. (B) The cell viability in the study groups at 24 h, 48 h, and 72 h. * P<0.05, 
*** P<0.001 vs. the control group. # P<0.05, ### P<0.001 vs. pcDNA+the angiotensin II (Ang II) group. (C) The myocardial beat 
frequency in the study groups. ** P<0.01 vs. control group; ## P<0.01 pcDNA (72 h)+the Ang II group (24 h). (D) Cell surface 
area in the study groups. *** P<0.001 vs. the control (72 h) group; ### P<0.001 vs. pcDNA (72 h)+the Ang II group (24 h).
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Western blot

Western blot was performed to evaluate the protein expres-
sion levels in the mouse cardiac myocytes in the four study 
groups. The total proteins were separated with 12% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). 
Proteins were transferred to the nitrocellulose membranes after 
blocking with bovine serum albumin (BSA) in phosphate-buff-
ered saline (PBS). After washing, the membranes were incubat-
ed with the primary antibodies for 1h. The amount of primary 
antibody was used according to the area of the membranes 
(0.1 mL/m2). After washing three times with 0.1% Tween-PBST, 
the membranes were incubated with the secondary antibody. 
The E-Gel imaging system (Thermo Fisher Scientific, Waltham, 
MA, USA) was used to obtain protein bands.

Luciferase reporter assay

StarBase v2.0 biological information software was used to 
predict the target gene. For further confirmation of the target 
gene, the luciferase reporter assay was used. The wild-type 
or mutant 3’UTR binding site were inserted into a pmirGLO 
dual-luciferase miRNA target expression vector (Promega, 
Madison, WI, USA) to construct the luciferase reporter plasmid 
and were co-transfected with or without the miRNA-22 mimic 

into the cells. The miRNA-22 NC co-transfected with luciferase 
reporter plasmid (wild-type or mutant type) were included as 
controls. After incubation for 48 h, the luciferase reporter as-
say system (Promega, Madison, WI, USA) was applied to de-
termine relative luciferase activity.

Statistical analysis

Data were expressed as the mean±standard deviation (SD). 
Data were analyzed using SPSS version 20.0 software (SPSS Inc., 
Chicago, IL, USA). One-way or two-way analysis of variance 
(ANOVA) was used to determine significant differences be-
tween the study groups. A P-value <0.05 was considered to 
be statistically significant.

Results

Expression of long noncoding RNA FTX (lnc-FTX) in mouse 
cardiac myocytes

As shown in Figure 1, 95% of the isolated mouse cells were 
positively stained using immunofluorescence for alpha-smooth 
muscle actin (a-SMA), confirming their identity as cardiac myo-
cytes. The cells showed a variety of cell morphology, including 
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triangular shapes, star, and spindle shapes. The expression of 
long noncoding RNA FTX (lnc-FTX) was higher in the control 
groups than in the groups treated with angiotensin II (Ang II), 
indicating that lnc-FTX was involved in mouse cardiac myo-
cyte hypertrophy that occurred in vitro.

Cell viability of cardiac myocytes following overexpression 
of lnc-FTX

The mouse cardiac myocytes included four study groups: the 
control group; the Ang II treated group; the pcDNA+Ang II 
treated group; and the lnc-FTX mimic+Ang II treated group. 
The overexpression of lnc-FTX was achieved by transfection 
with the lnc-FTX mimic into the cells, as shown in Figure 2A. 
Compared with the control, cell viability was decreased in the 
group with Ang II treatment (Figure 2B). Decreased cell via-
bility induced by Ang II was increased by lnc-FTX overexpres-
sion, indicating that lnc-FTX overexpression reduced apopto-
sis of cardiac myocytes induced by Ang II.

lnc-FTX reduced mouse cardiac myocyte hypertrophy 
induced by Ang II

As shown in Figure 2C, the cardiac myocyte beat frequency was 
increased by Ang II treatment, in contrast to the normal cells. 
The increased cardiac myocyte beat frequency was reduced 
by lnc-FTX overexpression, confirming the protective effect of 
lnc-FTX on cardiac myocyte hypertrophy induced by Ang II. This 
finding was supported by the results of the assessment of the 
cardiac myocyte cell surface area (Figure 2D). The cell surface 
area was increased in the group treated with Ang II compared 
with the control group. The larger cell surface area induced by 
Ang II was reduced by lnc-FTX overexpression, indicating the pro-
tective effects of lnc-FTX on mouse cardiac myocyte hypertrophy.

Lnc-FTX reduced the expression of c-Jun, A-type natriuretic 
peptide (ANP), and B-type natriuretic peptide (BNP)

Indicators of cardiac myocyte hypertrophy that were investi-
gated included c-Jun, ANP, and BNP. The expression of c-Jun, 

Figure 3.  The levels of c-Jun, A-type natriuretic peptide (ANP), and B-type natriuretic peptide (BNP) evaluated by Western blot and 
quantitative real-time polymerase chain reaction (qRT-PCR). (A) The levels of c-Jun, ANP, and BNP evaluated by western 
blot in the different study groups. (B) The levels of c-Jun, ANP, and BNP evaluated by qRT-PCR in the different study groups 
** P<0.01 and *** P<0.001 vs. the control (72 h) group; ## P<0.01 and ### P<0.001 vs. pcDNA (72 h)+the angiotensin II (Ang II) 
(24 hr) group.
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ANP, and BNP was significantly increased by Ang II when com-
pared with the control group (Figure 3A, 3B). The increased 
expression of c-Jun, ANP, and BNP were reversed by lnc-FTX 
overexpression, indicating that lnc-FTX overexpression had a 
protective effect on hypertrophy of mouse cardiac myocytes in-
duced by Ang II through downregulation of c-Jun, ANP, and BNP.

Identification of micro-RNA 22 (miRNA-22) as the target of 
long noncoding RNA FTX (lnc-FTX)

Also, miR-22 was predicted as the target gene of lnc-FTX, 
as shown using StarBase v2.0 software (Figure 4B). The ex-
pression of miRNA-22 was increased in the Ang II treatment 
group compared with the control group. The high miRNA-22 
expression in the Ang II treatment group was reduced by 
lnc-FTX overexpression, which indicated that miRNA-22 was 
the possible target of lnc-FTX in hypertrophy of mouse cardiac 
myocytes induced by Ang II (Figure 4A). The luciferase report-
er assay was performed to confirm these findings. As shown 
in Figure 4C, the relative luciferase activity was lowest in the 
FTX WT+ miRNA-22 mimic group, for all the groups, which 
further supported that miRNA-22 was the target for lnc-FTX.

Mouse cardiac myocyte hypertrophy induced by Angi II 
promoted PTEN and suppressed PI3K/Akt signaling

The PI3K/Akt signaling pathway has previously been reported 
to be associated with hypertrophy of cardiac myocytes [24,25]. 
PTEN, as an antagonist of P13K, has also previously been 

reported to protect against hypertrophy of cardiac myo-
cytes [26]. The expression of PTEN and the relevant proteins 
in the PI3K/Akt signaling pathway were evaluated in this 
study. The results showed that, when compared with the con-
trol group, PTEN expression was reduced by Ang II treatment. 
Also, the expression of PI3K and AKT were increased by Ang 
II treatment, which was consistent with previously published 
findings that showed PTEN was an antagonist of P13K [26]. 
The expression of PTEN, PI3K, and AKT induced by Ang II were 
partly reversed by lnc-FTX (Figure 5). PTEN expression induced 
by Ang II was increased by lnc-FTX, and the expression of PI3K 
and AKT induced by Ang II were reduced by lnc-FTX. These find-
ings showed that lnc-FTX reduced mouse cardiac myocyte hy-
pertrophy induced by Ang II by promoting the release of PTEN 
and inhibiting the PI3K/Akt signaling pathway.

Discussion

Clinically, cardiac hypertrophy occurs in patients with hyper-
tension, myocardial infarction, valvular heart disease, and hy-
pertrophic cardiomyopathy, and persistent cardiac hypertrophy 
results in heart failure. Therefore, myocardial hypertrophy is 
an important pathophysiological process that requires further 
study for the prevention of heart failure. Previous studies have 
shown that long noncoding RNAs play essential roles in cardiac 
hypertrophy [27–29]. Long noncoding RNA FTX (lnc-FTX) was 
reported to be involved in cancer, but the effects of lnc-FTX in 
cardiac myocyte hypertrophy remain unknown. In this study, 
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Figure 4.  Identification of micro-RNA 22 (miRNA-22) as the target of long noncoding RNA FTX (lnc-FTX). (A) The levels of 
micro-RNA 22 (miRNA-22) in the study groups. *** P<0.001 vs. control (72 h) group; ### P<0.001 vs. pcDNA (72 h)+the 
angiotensin II (Ang II) (24 h) group. (B) The target gene predicted by StarBase v2.0. (C) Luciferase Reporter Assay 
(** P<0.01 vs. FTX+ miR-NC group).
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Figure 5.  The expression of PTEN, PI3K, and AKT evaluated by Western blot in the study groups. *** P<0.001 vs. the control (72 h) 
group; # P<0.05, ## P<0.01 and ### P<0.001 vs. pcDNA (72 h)+the angiotensin II (Ang II) (24 h) group.

hypertrophy of mouse cardiac myocytes was induced by an-
giotensin II (Ang II). The expression of lnc-FTX was reduced in 
mouse cardiac myocyte hypertrophy induced by Ang II, and 
overexpression of lnc-FTX had a protective effect of reduc-
ing hypertrophy of mouse cardiac myocytes following treat-
ment with Ang II.

The results of the present study showed that apoptosis of 
mouse cardiac myocytes, cell surface area, the expression of 
indicators of cardiac myocyte hypertrophy, c-Jun, A-type na-
triuretic peptide (ANP), and B-type natriuretic peptide (BNP), 
and myocardial beat frequency induced by Ang II were signifi-
cantly increased when compared with the control group. These 
findings confirmed the successful construction of the murine 
cell model of cardiac myocyte hypertrophy. Also, the effects 
of Ang II were reduced by overexpression of lnc-FTX, which 
demonstrated the protective effects of lnc-FTX in mouse car-
diac myocyte hypertrophy induced by Ang II.

The mechanism of the protective effects of lnc-FTX on mouse 
cardiac myocyte hypertrophy induced by Ang II was also in-
vestigated. As shown by the StarBase v2.0 target gene pre-
diction software and the luciferase reporter assay, micro-
RNA 22 (miRNA-22) was identified as the target of lnc-FTX. 
This finding was supported by a previous study, which showed 
that miRNA-22 promoted cardiac myocyte hypertrophy [30]. 
Therefore, the protective effects of lnc-FTX on hypertrophy of 
mouse cardiac myocytes was achieved by targeting miRNA-22, 
as lnc-FTX downregulated miRNA-22 by sponging miRNA-22. 
PTEN, which is expressed in myocardial cells, has previously 
been reported to control cardiac hypertrophy in vivo [26]. In this 
study, reduction of PTEN expression by Ang II treatment was 
reversed by lnc-FTX overexpression, which may be the pro-
tective mechanism of lnc-FTX. Also, miRNA-22 was previously 
reported to inhibit the expression of PTEN, which supports 
the findings of the present study [30]. In this study, overex-
pression of lnc-FTX resulted in downregulation of miRNA-22 
and suppression of PTEN by reducing miRNA-22, resulting in 
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upregulation of PTEN expression to protect mouse cardiac 
myocytes from hypertrophy.

The mechanisms of the relevant signaling pathway were also 
investigated in this study. Inhibition of the PI3K/Akt signaling 
pathway was previously reported to reduce cardiac myocyte 
hypertrophy [24,25]. In the present study, the expression of 
PI3K and Akt were increased by Ang II treatment, and this in-
creased expression was reversed by lnc-FTX overexpression. 
Also, PTEN expression had the opposite effect to the expres-
sion of PI3K and Akt, which was consistent with the findings 
from a previously published study that showed that PTEN was 
a negative regulator of the PI3K/AKT signaling pathway [31]. 
The findings from the present study showed that lnc-FTX had a 
protective on hypertrophy of mouse cardiac myocytes induced 
by Ang II through inhibition of the PI3K/AKT signaling pathway 
by promoting the expression of PTEN and sponging miRNA-22.
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