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LncRNA ANRIL knockdown relieves myocardial cell apoptosis in acute
myocardial infarction by regulating IL-33/ST2
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ABSTRACT
Objective: To investigate the role of lncRNA ANRIL in the modulation of myocardial cell apoptosis
in acute myocardial infarction (AMI).
Methods: AMI mice model was established, and lncRNA ANRIL, IL-33 and ST2 expressions were
detected by quantitative real-time polymerase chain reaction (qRT-PCR) or western blot. The
apoptosis of myocardial cells was detected by TUNEL assay. RNA pull-down and RNA immuno-
precipitation (RIP) assays were used to confirm the interaction between lncRNA ANRIL and USP17.
Results: Compared with sham group, lncRNA ANRIL and ST2 expression levels were up-regulated,
and the apoptosis of myocardial cells was increased in heart tissues of AMI group. Compared with
normoxia group, the apoptosis of mouse myocardial cell HL-1 and primary murine myocardial
cells was increased, and lncRNA ANRIL and ST2 expression levels were up-regulated in hypoxia
group. We also found up-regulation of IL-33 in AMI group and hypoxia group. Besides, lncRNA
ANRIL affected deubiquitinase USP17-mediated degradation of IL-33. Interfering lncRNA ANRIL
reduced the apoptosis of myocardial cells through IL-33/ST2 pathway. In vivo experiments found
that interfering lncRNA ANRIL relieved myocardial cell apoptosis and improved heart function in
AMI mice.
Conclusion: LncRNA ANRIL regulated myocardial cell apoptosis through IL-33/ST2 pathway.
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Introduction

Acute myocardial infarction (AMI) is still
a leading cause of morbidity and mortality
worldwide, despite the improvements of thera-
peutic strategies over the past decade, which
leads to angiostegnosis and vascular obstruc-
tion [1]. The common complications following
AMI are stroke, pericarditis, left ventricular
free wall rupture, and ventricular arrhythmias,
etc [1–3]. Therefore, it is important to find
effective strategies to prevent and treat AMI.
Currently, studies have shown that preventing
the apoptosis of myocardial cells can relieve
hypoxia and ischemia-induced injury [4]. Our
previous report also found that miR-128 modu-
lated the apoptosis of myocardial cell line H9c2
to alleviate myocardial ischemia injury in AMI
[5]. However, the molecular mechanism under-
lying myocardial cell apoptosis in AMI is still
not fully understood.

Interleukin-33 (IL-33), an inflammatory cyto-
kine that belongs to IL-1 cytokine family, plays
a protective role in inhibiting inflammatory
responses and myocardial apoptosis [6,7]. IL-33
also protects myocardial cells from doxorubicin-
induced apoptosis through inhibiting ASK1/JNK
signaling [8]. Moreover, IL-33 is the ligand for
ST2, and IL-33/ST2 signaling pathway has been
proved to be involved in the regulation of myo-
cardial cell apoptosis. IL-33/ST2 signaling can pre-
vent the apoptosis of myocardial cells, promote the
survival of myocardial cells, reduce infarct size,
fibrosis and apoptosis, and improve heart function
after ischemia/reperfusion in rats [6]. Our pre-
vious report found that inhibition of IL-33 pro-
moted the apoptosis of myocardial cells through
up-regulating the expression of ST2 [5].

Long non-coding RNA antisense non-coding RNA
at the INK4 locus (ANRIL), also known as lncRNA
CDKN2B-AS1, is firstly found in patients with her-
editary melanoma and neural system tumor [9].
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Studies have shown that lncRNA ANRIL is abnor-
mally expressed in many cancers, such as hepatocel-
lular carcinoma, esophageal squamous cell carcinoma
(ESCC), cervical cancer, etc. [10,11]. Besides, the
decrease of lncRNA ANRIL in intestinal mucosa is
related to the increase of inflammation, severity and
risk of Crohn’s disease [12]. Importantly, lncRNA
ANRIL is correlated with atherosclerotic cardiovascu-
lar disease by genome-wide association studies [13].
Moreover, lncRNA ANRIL is remarkably up-
regulated in left ventricle biopsies and peripheral
blood monouclear cells of heart failure patients than
control subjects [14], indicating that lncRNA ANRIL
may be involved in the regulation of heart disease.
Our preliminary experiment showed that lncRNA
ANRIL was elevated in heart tissue of AMI rats than
control rats. Thus, the present study aims to investi-
gate whether lncRNA ANRIL promotes the apoptosis
of myocardic cells and its underlying mechanism.

Materials and methods

Establishment of AMI mice model

Male C57BL/6 mice (weighing 25–27 g) were pur-
chased from the laboratory animal center of
Zhengzhou University, and kept in the cages with
12 h light/dark cycle under controlled temperature
of 25°C with free access to food and water. All
animal experiments were approved by the Ethics
Committee of the First Affiliated Hospital of
Zhengzhou University.

The C57BL/6 mice were divided into two
groups: namely the sham group and AMI group.
All mice were intraperitoneally injected with
50 mg/kg pentobarbital sodium for anesthesia,
then conducted left thoracotomy between the 3th
and 4th intercostal space. Then, the cardiac tissue
was exposed. In AMI group, 7/0 sterile suture was
used to ligate left anterior descending artery
(LAD). In sham group, the mice received similar
surgical procedures but did not perform the liga-
tion of LAD. Twenty-four hours after the surgery,
echocardiographic parameters of all mice were
assessed by 2D M-mode echocardiography and
B-mode echocardiography. Heart tissues were col-
lected and frozen with liquid nitrogen, then stored
at −80°C for further use.

Ad-siRNA-ANRIL or Ad-NC adenovirus was
purchased from GENECHEM (Shanghai, China).
To determine the effect of interfering ANRIL on
heart function, Ad-siRNA-ANRIL or Ad-NC ade-
novirus (5 × 109/100 µl) were injected into apex of
heart of AMI mice. Seven days later, echocardio-
graphic parameters of all mice were assessed by
2D M-mode echocardiography and B-mode echo-
cardiography. Heart tissues were collected for the
detection of ANRIL, IL-33 and ST2 expressions.

Cell culture and transfection

Mouse myocardial cell line HL-1 was purchased
from American Type Culture Collection (ATCC,
VA, USA) and cultured in modified Claycomb
medium (Sigma, USA) supplemented with 10%
fetal bovine serum (Gibco, USA), 100 µg/ml peni-
cillin–streptomycin (Gibco, USA), 0.1 mM nore-
pinephrine (Sigma, USA) and 2 mM L-glutamine
(Sigma, USA) at 37°C with 5% CO2 and 95% air
for 48 h. Then, the medium was changed to
serum-free Claycomb medium.

Primary murine myocardial cell were isolated
according to previous report [15]. Briefly, C57BL/6
mice were intraperitoneally injected with 50 mg/kg
pentobarbital sodium for anesthesia. The heart was
removed and conducted retrogradely aortic perfu-
sion at constant pressure. When the heart became
swollen and hard, the left ventricle was removed, cut
into several pieces, and digested for 10 min at 37°C.
The supernatant containing the dispersed myocytes
was filtered into a sterilized tube and centrifuged at
500 rpm for 1 min. Primary murine myocardial cell
were cultured in minimal essential medium (MEM;
Gibco, USA) supplemented with 1.2 mM Ca2+, 2.5%
fetal bovine serum (Gibco, USA) and 1% penicillin–
streptomycin (Gibco, USA). Small interfering RNA
targeting ANRIL (si-ANRIL) and negative control
(si-control), si-IL-33, ANRIL overexpressing plas-
mid (pcDNA-ANRIL) and negative control
(pcDNA) were synthesized by GENECHEM
(Shanghai, China), then transfected into the HL-1
cells using transfection reagent (Invitrogen, USA).

To establish hypoxia/reoxygenation in vitro
model, HL-1 cells were exposed to 1% O2/5%
CO2 for 2 h followed by reoxygenation for
30 min (hypoxia) or 21% O2/5% CO2 (normoxia).
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Quantitative real-time polymerase chain reaction
(qRT-PCR)

Total RNA was extracted from heart tissues or
myocardial cells using TRIzol Reagent
(Invitrogen, USA), and reversely transcribed to
cDNA using PrimeScript One Step RT-PCR Kit
(Takara, Japan). qRT-PCR was performed using
One-Step TB Green PrimeScript RT-PCR Kit
(Takara, Japan) in Applied Biosystems 7500 Real-
Time PCR Systems (Applied Biosystems, USA).
GAPDH was used as internal control. LncRNA
ANRIL expression level was analyzed using
2−ΔΔCt method.

Western blot

Total protein was extracted from heart tissues or
myocardial cells using RIPA lysis and extraction
buffer (Thermo Scientific, USA) with Halt pro-
tease inhibitor Cocktail (Thermo Scientific, USA)
and Halt phosphatase inhibitor Cocktail (Thermo
Scientific, USA). The concentration of protein was
detected using Pierce BCA Protein Assay Kit
(Thermo Scientific, USA). The proteins were sepa-
rated using 12% sodium dodecyl sulfate polyacry-
lamide gel electrophoresis (SDS-PAGE) and
transferred to polyvinylidene fluoride (PVDF)
membrane (Invitrogen, USA). The membrane
was incubated with primary antibodies against
IL-33 (1:1000; ab187060, Abcam), ST2 (1:2000;
ab228543, Abcam), Bcl-2 (1:2000; ab196495,
Abcam), Bax (1:1000; ab199677, Abcam), pro-
caspase 3 (1:10,000; ab32499, Abcam), cleaved-
caspase 3 (1:500; ab49822, Abcam) and GAPDH
(1:10,000; ab181602, Abcam) at 4°C overnight and
subsequently incubated with goat anti-rabbit IgG
(HRP) for 1 h at 25°C. Western BLoT chemilumi-
nescent substrate (Takara, Japan) was used to
visualize the bands.

TUNEL assay

One Step TUNEL Apoptosis Assay Kit (Beyotime
Biotechnology, China) was used to detect the
apoptosis of myocardial cells. For heart tissue, 4%
paraformaldehyde (Beyotime Biotechnology,
China) was used to fix the frozen section. For
HL-1 cells, 4% paraformaldehyde was used to fix

the cells. Then, phosphate buffer solution (PBS)
was used to wash the frozen section for two times.
PBS containing 0.3% Triton X-100 was added to
the frozen section or HL-1 cells. Finally, TUNEL
solution (50 µl) was added for staining, and
nuclear cells that labeled positively were consid-
ered as apoptotic cells. The positive cells in ran-
domly six views were detected by a fluorescence
microscope (Nikon, Japan). The ratio of apoptotic
cells was calculated as positive cells/total cells.

RNA pull-down

RNA pull down assay was performed using Pierce
Magnetic RNA-Protein Pull-Down Kit (Thermo
Scientific, USA). The biotinylated ANRIL was
labeled using Pierce RNA 3°C End
Desthiobiotinylation kit (Thermo Scientific,
USA). Proteins extracted from HL-1 cells were
mixed with 50 pmol biotinylated ANRIL, and
incubated with streptavidin magnetic beads
(Thermo Scientific, USA). Western blotting was
conducted to measure USP17 and IL-33 binding
to the streptavidin-coupled beads.

RNA immunoprecipitation (RIP)

RIP assay was performed using Magna RIP RNA-
Binding Protein Immunoprecipitation Kit (Millipore,
USA). HL-1 cells were collected by centrifugation at
200 × g for 5 min at 4°C. The supernatant was
discarded, and cells (approximately 1 × 107) were re-
suspended in 50 µl RIP lysis buffer supplemented
with 0.125 µl RNase inhibitor and 0.25 µl protease
K on the ice. The cell lysate in the tube was placed on
the magnetic separator, and the supernatant was
incubated with RIP wash buffer containing magnetic
beads protein A/G conjugated with anti-USP17 or
normal mouse IgG (negative control). RNA-binding
protein complex was obtained, and ANRIL expres-
sion was detected in the precipitates.

Co-immunoprecipitation (Co-IP)

Co-IP assay was performed using Pierce Co-
Immunoprecipitation Kit (Thermo Scientific,
USA). HL-1 cells were transfected with pcDNA-
ANRIL or pcDNA plasmid for 48 h, collected by
centrifugation at 1000 × g for 5 min at 4°C. The
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supernatant was discarded, and ice-cold IP Lysis/
Wash Buffer was added to cells (10:1 v/w). Cell
lysate was incubated on ice for 5 min, and centri-
fugated at 13,000 × g for 10 min at 4°C to remove
cell debris. The supernatant was transferred to
a new tube, and pre-cleared with 50 µl protein
A agarose for 1 h at 4°C. Pre-cleared supernatants
were incubated with anti-USP17 or normal mouse
IgG at 4°C for 12 h. Control agarose resin slurry
(40 µl) were added to each sample and incubated
for 2 h at 4°C. Beads were pelleted, washed, and
re-suspended in 200 µl of IP Lysis/Wash Buffer,
and boiled for 5 min at 95°C. Western blot was
used to detect USP17 and IL-33 in immunopreci-
pitated samples.

Statistical analysis

The data were normally distributed. Data were
presented as mean ± SD, and were analyzed
using Student’s t-test or one-way analysis of var-
iance (ANOVA) followed by the Newman-Keuls
post hoc test for the comparisons between two
groups or multiple groups, with p < 0.05 consid-
ered statistically significant.

Results

Overexpressed lncRNA ANRIL, IL-33 and ST2 in
acute myocardial infarction (AMI) mice

To investigate the expression levels of lncRNA
ANRIL, IL-33 and ST2 in heart tissues of AMI
mice, AMI mice model was established by ligation
of LAD. We found that echocardiographic para-
meters of left ventricular anterior wall thickness;
diastole (LVAW; d), LVAW; systole (LVAW; s),
left ventricular internal diameter; diastole (LVID;
d), LVID; systole (LVID; s), left ventricular poster-
ior wall thickness; diastole (LVPW; d) and LVPW;
systole (LVPW; s) were significantly decreased,
decreased, increased, increased, decreased and
decreased in AMI groups than sham group 24 h
after surgery (Figure 1a), which indicated that
AMI mice were successfully established. Heart tis-
sues were collected from mice of sham and AMI
groups. As shown in Figure 1b, lncRNA ANRIL
level was significantly up-regulated in heart tissues
of AMI group than that of sham group. ST2
expression was significantly up-regulated in heart
tissues of AMI group than that of sham group
(Figure 1c). Moreover, we found up-regulation of

Figure 1. Overexpressed lncRNA ANRIL, IL-33 and ST2 in acute myocardial infarction (AMI) mice. C57BL/6 mice were divided into
sham group (n = 6) and AMI group (n = 6). a. Echocardiographic parameters of left ventricular anterior wall thickness (LVAW), left
ventricular internal diameter (LVID), left ventricular posterior wall thickness (LVPW) were assessed in sham and AMI groups 24 h after
surgery. b. qRT-PCR was used to detect lncRNA ANRIL level in heart tissues of sham and AMI groups. c. Western blot was used to
detect IL-33 and ST2 expression in heart tissues of sham and AMI groups. d. TUNEL assay was used to detect the apoptosis of
myocardial cells in heart tissues of sham and AMI groups. *p < 0.05 vs sham. N = 6.
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IL-33 in AMI group (Figure 1c). And the apoptosis
of myocardial cells was significantly increased in
heart tissues of AMI groups than that of sham
group (Figure 1d).

Overexpressed lncRNA ANRIL, IL-33 and ST2 in
myocardial cells exposed to hypoxia

Next, we established hypoxia/reoxygenation
in vitro model to determine the expression levels
of lncRNA ANRIL, IL-33 and ST2 in myocardial
cells exposed to hypoxia. HL-1 and primary myo-
cardial cells were exposed to normoxia or hypoxia.
As shown in Figure 2a, the apoptosis of HL-1 and
primary myocardial cells was significantly
increased in hypoxia group than that of normoxia

group. ST2 expression was significantly up-
regulated in hypoxia group than that of normoxia
group (Figure 2b). Moreover, we found up-
regulation of IL-33 in hypoxia group (Figure 2b).
Also, lncRNA ANRIL level was significantly up-
regulated in hypoxia group than that of normoxia
group (Figure 2c).

Interfering lncRNA ANRIL reduced the apoptosis
of myocardial cells

To determine the role of lncRNA ANRIL in the
apoptosis of myocardial cells in vitro hypoxia/
reoxygenation model, HL-1 cells were transfected
with si-ANRIL, then exposed to hypoxia condi-
tion. As shown in Figure 3a, lncRNA ANRIL

Figure 2. Overexpressed lncRNA ANRIL, IL-33 and ST2 in myocardial cells exposed to hypoxia. Mouse myocardial cells (HL-1) and
primary myocardial cells were divided into normoxia and hypoxia groups. a. TUNEL assay was used to detect the apoptosis of HL-1
cells and primary myocardial cells in normoxia and hypoxia groups. b. Western blot was used to detect IL-33 and ST2 expression in
normoxia and hypoxia groups. C. qRT-PCR was used to detect lncRNA ANRIL level in normoxia and hypoxia groups. *p < 0.05 vs
normoxia. N = 3.
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level was down-regulated in si-ANRIL group than
that of si-control group. si-ANRIL promoted the
anti-apoptosis protein Bcl-2, suppressed apoptosis
protein Bax, increased pro-caspase 3 protein level
and decreased cleaved-caspase 3 protein level
(Figure 3b). In addition, si-ANRIL significantly
suppressed the apoptosis of HL-1 cells (Figure 3c).

LncRNA ANRIL affected deubiquitinase
USP17-mediated degradation of IL-33

It has been reported that enzyme ubiquitin-specific
protease 17 (USP17) could affect IL-33 stability
through deubiquitination of IL-33 [16], so we con-
ducted RNA pull-down and RIP assays to determine
whether lncRNA ANRIL could affect USP17-
mediated degradation of IL-33. As shown in Figure
4a, USP17 and IL-33 expressions were detected in
ANRIL pull-down complex. In addition, lncRNA
ANRIL was significantly up-regulated in USP17 pre-
cipitate than IgG group (Figure 4b), indicating that
ANRIL could bind to USP17. Next, we transfected
pcDNA-ANRIL or pcDNA into HL-1 cells, and used
USP17 antibody for immunoblotting (IgG used as
control). We found pcDNA-ANRIL decreased the
binding ability of USP17 and IL-33 (Figure 4c), indi-
cating that ANRILmight affect IL-33 through regulat-
ing USP17. In HL-1 cells, IL-33 expression was down-
regulated after ANRIL overexpression, and IL-33
expression was up-regulated after interfering ANRIL
(Figure 4d). Moreover, ANRIL overexpression pro-
moted the ubiquitination of IL-33 (Figure 4e). Under

the treatement of CHX, pcDNA-ANRIL promoted
the degradation of IL-33 with the time (Figure 4f).
These findings suggested that lncRNA ANRIL could
affect USP17-mediated degradation of IL-33.

Interfering lncRNA ANRIL reduced the apoptosis
of myocardial cells through IL-33/ST2 pathway

As shown in Figure 5a, up-regulation of IL-33 was
found in H/R group, and ST2 expression was up-
regulated in H/R group. On that basis, further up-
regulation of IL-33 could decrease ST2 expression to
protect heart [17]. So, we transfected si-ANRIL into
HL-1 cells, and found IL-33 expression was further
up-regulated in H/R + si-ANRIL group, ST2 expres-
sion was decreased inH/R + si-ANRIL group, and si-
IL-33 abolished the effect of si-ANRIL on IL-33 and
ST2 expression (Figure 5a). The apoptosis of HL-1
cells was significantly increased in H/R group, and
si-ANRIL further reduced the apoptosis of HL-1
cells, whereas si-IL-33 abolished the effect of si-
ANRIL on the apoptosis of HL-1 cells (Figure 5b).
Bcl-2 expression was down-regulated in H/R group,
Bax expression was up-regulated in H/R group, pro-
caspase 3 expression was down-regulated in H/R
group, and cleaved-caspase 3 expression was up-
regulated in H/R group. si-ANRIL up-regulated
Bcl-2 expression, down-regulated Bax expression,
increased pro-caspase 3 expression, and decreased
cleaved-caspase 3 expression, whereas si-IL-33 abol-
ished the effect of si-ANRIL on the expression of
apoptosis-related proteins (Figure 5c).

Figure 3. Interfering lncRNA ANRIL reduced the apoptosis of myocardial cells. HL-1 cells were transfected with si-ANRIL or si-control,
then exposed to 1% O2/5% CO2 for 2 h followed by reoxygenation for 30 min (hypoxia) or 21% O2/5% CO2 (control). a. Compared
with si-control group, lncRNA ANRIL was down-regulated in si-ANRIL group. b. Apoptosis related proteins Bcl-2, Bax, pro-caspase 3
and cleaved caspase 3 expressions were detected in si-control and si-ANRIL groups. c. Compared with si-control group, apoptosis of
HL-1 cells was reduced in si-ANRIL group. *p < 0.05 vs control; #p < 0.05 vs hypoxia + si-control. N = 3.
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Interfering lncRNA ANRIL relieved myocardial cell
apoptosis in AMI mice

To verify interfering lncRNA ANRIL relieved myo-
cardial cell apoptosis inAMImice, Ad-siRNA-ANRIL
or Ad-NC adenovirus was injected into apex of heart
of AMI mice. Seven days later after adenovirus vector
injection, we found echocardiographic parameters of
LVAW; d, LVAW; s, LVID; d, LVID; s, LVPW; d, and
LVPW; s were increased, increased, decreased,
decreased, increased and increased in Ad-siRNA-
ANRIL group than Ad-NC group, indicating that
interfering lncRNA ANRIL improved heart function
(Figure 6a). In addition, lncRNA ANRIL level was
down-regulated inAd-siRNA-ANRIL group thanAd-

NC group (Figure 6b). IL-33 expression was up-
regulated in Ad-siRNA-ANRIL group than Ad-NC
group, whereas ST2 expression was down-regulated
in Ad-siRNA-ANRIL group than Ad-NC group
(Figure 6c). The apoptosis of myocardial cells
in heart tissuewas significantly reduced inAd-siRNA-
ANRIL group than Ad-NC group (Figure 6d).

Discussion

Increasing evidences show that lncRNAs play
vital roles in regulating the apoptosis of myocar-
dial cells in myocardial ischemia/reperfusion
injury. For example, lncRNA MALAT1 was up-

Figure 4. LncRNA ANRIL affected deubiquitinase USP17-mediated degradation of IL-33. a. RNA pull-down assay was used to detect
USP17 and IL-33 expression in ANRIL pull-down complex. b. RIP assay was used to detect lncRNA ANRIL in USP17 precipitate.
*p < 0.05 vs Loc or IgG. c. HL-1 cells were transfected with pcDNA-ANRIL or pcDNA, and USP17 antibody was used for
immunoblotting (IgG used as control). Co-IP assay showed that lncRNA ANRIL overexpression decreased the binding ability of
USP17 and IL-33. d. In HL-1 cells, IL-33 expression was down-regulated after ANRIL overexpression, and IL-33 expression was up-
regulated after interfering ANRIL. e. ANRIL overexpression promoted the ubiquitination of IL-33. f. HL-1 cells were transfected with
pcDNA-ANRIL or pcDNA, then treated with CHX (30 µg/ml) for 0 h, 3 h, 6 h and 12 h. pcDNA-ANRIL promoted the degradation of IL-
33 with the time. *p < 0.05 vs pcDNA. N = 3.
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regulated in the infarction areas of patients with
coronary heart disease, and MALAT1 reduced
the isoproterenol-induced apoptosis of myocar-
dial cells through miR-558/ULK1 signaling

pathway to promote myocardial protection in
myocardial infarction mice model [18].
LncRNA H19 was increased in myocardial cells
of ischemia and reoxygenation (I/R) injury, and

Figure 5. Interfering lncRNA ANRIL reduced the apoptosis of myocardial cells through IL-33/ST2 pathway. HL-1 cells were transfected
with si-ANRIL or si-IL-33, then exposed to 1% O2/5% CO2 for 2 h followed by reoxygenation for 30 min (hypoxia) or 21% O2/5% CO2

(control). So, HL-1 cells were divided into control, H/R, H/R + si-control, H/R + si-ANRIL, H/R + si-ANRIL + si-IL-33 groups. a. Up-
regulation of IL-33 was found in H/R group, and ST2 expression was up-regulated in H/R group. IL-33 expression was further up-
regulated in H/R + si-ANRIL group, ST2 expression was decreased in H/R + si-ANRIL group, and si-IL-33 abolished the effect of si-
ANRIL on IL-33 and ST2 expression. b. Bcl-2, Bax, pro-caspase 3, and cleaved caspase 3 expressions were detected in control, H/R, H/
R + si-control, H/R + si-ANRIL, H/R + si-ANRIL + si-IL-33 groups. c. The apoptosis of HL-1 cells was detected in control, H/R, H/R + si-
control, H/R + si-ANRIL, H/R + si-ANRIL + si-IL-33 groups. N = 3.
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promoted the apoptosis of myocardial cells to
aggravate myocardial I/R injury through miR-
675/PPARα [19]. LncRNA TUG1 was elevated
in rat myocardial infarction area, and knock-
down of TUG1 increased the apoptosis of myo-
cardial cells induced by hypoxia through miR-
124/Hic-5 in myocardial infarction [20]. In this
study, we found that lncRNA ANRIL was ele-
vated in heart tissues in AMI mice and myocar-
dial cells exposed to hypoxia, and interfering
ANRIL reduced the apoptosis of myocardial
cells, which indicated that the abnormal expres-
sion of lncRNA ANRIL was involved in the
regulation of myocardial cell apoptosis in AMI.
More studies on lncRNAs in the apoptosis of
myocardial cells are needed to clarify the pro-
gression of AMI.

Studies have demonstrated that lncRNAs can
regulate the progression of myocardial infarc-
tion through targeting miRNAs or modulate
the ubiquitination-dependent degradation of
proteins [21,22]. LncRNA autophagy-

promoting factor (APF) modulated the autop-
hagy of myocardial cells in myocardial infarc-
tion by directly binding and targeting miR-188-
3p [21]. LncRNA AZIN2-sv involved in the
regulation of angiogenesis and heart function
after myocardial infarction through activating
the ubiquitination-dependent degradation of
talin1 and inhibiting phosphatase and tensin
homologue/Akt pathway [22]. In this study,
we confirmed that ANRIL could bind to
USP17, and ANRIL overexpression decreased
the binding ability of USP17 and IL-33.
Besides, ANRIL overexpression promoted the
ubiquitination of IL-33 and facilitated the
degradation of IL-33 with the time under the
treatement of CHX. Therefore, lncRNA ANRIL
could affect USP17-mediated degradation of
IL-33. In terms of novel aspects of this study,
no other studies have investigated the role of
lncRNA ANRIL in affecting the degradation of
IL-33 in myocardial cells, which will enrich the
literature and shed light on the underlying

Figure 6. Interfering lncRNA ANRIL relieved myocardial cell apoptosis in AMI mice. AMI mice were established, and Ad-siRNA-ANRIL
or Ad-NC (5 × 109/100 µl) adenovirus was injected into apex of heart. Seven days later, a. Echocardiographic parameters of LVAW,
LVID and LVPW were assessed in Ad-NC and Ad-siRNA-ANRIL groups. b. LncRNA ANRIL level was detected in Ad-NC and Ad-siRNA-
ANRIL groups. c. IL-33 and ST2 expressions were detected in Ad-NC and Ad-siRNA-ANRIL groups. d. The apoptosis of myocardial cells
in heart tissue was detected in Ad-NC and Ad-siRNA-ANRIL groups. N = 6.
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mechanism of lncRNA ANRIL in myocardial
cell apoptosis after AMI.

Numerous studies have shown that IL-33 could
exert its functions by targeting ST2 in immune
response or cancers [23,24]. IL-33 can recognize and
interact with its specific receptor ST2 in immune cells,
and anti-ST2 antibody reduced the effect of IL-33 on
CD4 + T and CD8 + T cells during HIV-1 infection
[23]. IL-33/ST2 axis was involved in the activity of
mast cells during colitis, and IL-33 promoted the
percentage of IL-13/IL-22 producing T cells, which
indicated that IL-33 regulated T cell differentiation
and function [24]. In addition, IL-33/ST2 axis was
involved in the proliferation of ESCC cells and stro-
mal cells, and the IL-33 or ST2 positive cells in ESCC
stroma were positively related to node involvement,
invasion depth and TNM stage [25]. Importantly, IL-
33/ST2 axis was involved in the regulation of myo-
cardial cell apoptosis [5,6]. In this study, we proved
that the up-regulation of IL-33 protected the apopto-
sis of myocardial cells through negatively regulating
ST2, which indicated that up-regulation of IL-33
occurred in myocardial cells in AMI. Moreover, we
investigated the upstream molecules that modulate
IL-33/ST2 in myocardial cell apoptosis after AMI,
which is meaningful for the seek strategies for the
prevention and treatment of AMI.

In conclusion, lncRNAANRIL expression level was
up-regulated in heart tissue of AMI mice and HL-1
cells exposed to hypoxia. Interfering lncRNA ANRIL
reduced the apoptosis of myocardial cells through IL-
33/ST2 pathway. This study demonstrated that
lncRNA ANRIL served as an important molecular in
the regulation of myocardial cell apoptosis through
affecting IL-33 degradation.
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