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Diabetic cardiomyopathy (DCM) is a vital cause of fatalities in
diabetic patients. The programmed death of cardiomyocytes
and inflammation critically contribute to cardiac hypertrophy
and fibrosis in DCM. Furthermore, circular RNA (circRNA) is
akey regulator of various diseases. However, the role of circRNAs
in DCM remains to be elucidated. Our previous study found that
pyroptosis was markedly activated in the cardiomyocytes sub-
jected to high-glucose conditions, and miR-214-3p regulated
the expression of caspase-1. The aim of this study was to
elucidate whether circRNA is involved in DCM pyroptosis
via the miR-214-3p/caspase-1 pathway. Herein, we identified
that hsa_circ_0076631, named caspase-I-associated circRNA
(CACR), was increased both in high-glucose-treated cardiomyo-
cytes and in the serum of diabetic patients. CACR also sponged
an endogenous miR-214-3p to sequester and inhibit its expres-
sion. CACR knockdown in cardiomyocytes counteracted high-
glucose-induced caspase-1 activation. Conversely, miR-214-3p
knockdown partially abolished the beneficial effects of CACR
silencing on pyroptosis in cardiomyocytes. Therefore, this study
elucidated that CACR might be a novel therapeutic target via the
CACR/miR-214-3p/caspase-1 pathway in DCM.

INTRODUCTION

Diabetic cardiomyopathy (DCM), characterized by myocardial struc-
tural and functional dysfunction exclusive of hypertension, coronary
artery disease, and other cardiac pathologies, is a critical cause of
fatalities in chronic diabetes mellitus patients.' Hyperglycemia, insu-
lin resistance, increased fatty acid metabolism, microcirculatory
changes, myocardial fibrosis, cardiomyocyte death, inflammation,
and calcium overload collectively contribute to the pathophysiology
of DCM.” Among these causes, cardiomyocyte death, which initiates
the cardiac dysfunction, is considered the most basic pathological
change of DCM.>* However, the mechanisms involved in DCM
remain to be elucidated.

Pyroptosis, which is pro-inflammatory programmed cell death, de-
pends mainly on the activity of caspase-1.""® Previous studies have
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4,9,10

demonstrated that pyroptosis is activated in DCM. Hyperglyce-
mia can lead to a chronic low-grade inflammation state in the body
by inducing high levels of reactive oxygen species (ROS), which stim-
ulate nucleotide-binding oligomerization domain-like receptor pyrin
domain containing 3 (NLRP3) inflammasome activation."" This pro-
cess cleaves pro-caspase-1 into the active caspase-1 form. Then, the
activated caspase-1 facilitates the cleavage of downstream cytokines,
such as pro-interleukin-1p (pro-IL-1B) and pro-IL-18, into their
12,13 Particularly, mature IL-1P and IL-18 are the com-

mon initiating points of many pathophysiological processes in DCM,
14-17

mature forms.

including cardiomyocyte apoptosis and fibroblast activation.
Therefore, myocardial pyroptosis plays a vital role in DCM. However,
the mechanisms underlying the regulation of pyroptosis in DCM are
still unclear.

Modern molecular biology techniques indicate that 98% of the
genome cannot code proteins, and these molecules are called non-
coding RNAs (ncRNAs). MicroRNAs (miRNAs) have been shown
to regulate many physiological processes via sponging mRNAs. Our
previous study revealed that miR-214-3p has binding sites with
caspase-1 and could regulate pyroptosis in DCM.'® However, how
to regulate miR-214-3p in DCM requires further clarification.

Circular RNA (circRNA) is a widely studied type of ncRNA that
is highly conserved in mammals.!” Different from linear RNAs,
circRNAs have closed loop structures without 3’ and 5’ ends. Previous
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Figure 1. miR-214-3p Inhibited Pyroptosis Activation in High-Glucose-Treated AC16 Cells

(A) gRT-PCR was conducted to detect the expression levels of NLRP3, caspase-1, and IL-13 in AC16 cells. (B-D) Western blots were conducted to detect the protein
expression levels of NLRP3 (B), caspase-1 (C), and IL-1B(A). GAPDH was detected as the internal control. (E) gRT-PCR was conducted to detect the expression levels
of miR-214-3p in AC16 cells. *p < 0.05 versus the control group. (F) High-glucose-treated AC16 cells were transfected with NC, miR-214-3p mimics, AMO-NC, and
AMO-214-3p, and miR-214-3p expression levels were detected by gRT-PCR. (G) The relative mRNA expression levels of caspase-1 were detected. (H) Western blots were
performed to detect the protein expression of caspase-1. n = 3. *p < 0.05 versus the HG+NC group, #p < 0.05 versus the HG+AMO-NC group.

studies have revealed that circRNAs can regulate gene expression,
especially when they act as competing endogenous RNAs (ceRNAs)
targeting miRNAs.”” CircRNAs have been demonstrated to partici-
pate in the occurrence and development of various diseases, including
tumors, cardiovascular diseases, diabetes, and diabetic complica-
tions.”!>* However, there is no research on the relationship between
circRNAs and pyroptosis in DCM.

In this study, a bioinformatics prediction indicated that hsa_circ_
0076631 regulated caspase-1 by targeting miR-214-3p. Here, we charac-
terize the expression of hsa_circ_0076631 in DCM and determine its
functions and mechanisms in the regulation of DCM.

RESULTS

miR-214-3p Regulates caspase-1 Expression in High-Glucose-
Treated Cardiomyocytes

Our previous study found that high-glucose conditions activated
pyroptosis in cardiomyocytes. We cultured ACI16 cells, a human car-
diac cell line, in high-glucose medium to simulate diabetes conditions.
qRT-PCR and western blotting indicated that the expression levels of

NLRP3, caspase-1, and IL-1B were increased in the high-glucose
(HG) group (Figures 1A-1D). Therefore, pyroptosis was activated
in high-glucose-treated cardiomyocytes.

A previous study indicated that miR-214-3p had potential binding
sites on caspase-1 and regulated pyroptosis in cataracts.””> We also
confirmed that miR-214-3p can regulate caspase-1 in high-glucose-
treated cardiomyocytes.'® In this experiment, we detect the expres-
sion of miR-214-3p in DCM models. The results indicated that
miR-214-3p was evidently reduced in the HG group (Figure 1E).
Then, function acquisition and deletion experiments were performed.
High-glucose-treated AC16 cells were transfected separately with
negative control (NC), miR-214 mimics, antisense oligonucleotide
(AMO)-NC, or AMO for miR-214-3p (AMO-214-3p), and the trans-
fection efficiencies were proven by qRT-PCR (Figure 1F). qRT-PCR
and western blotting indicated that the expression level of caspase-1
was decreased significantly after transfection with miR-214-3p
mimics, and this effect was reversed by AMO-214-3p (Figures 1G
and 1H). Collectively, these findings indicated that caspase-1 is a
target gene of miR-214-3p in high-glucose-treated cardiomyocytes.

Molecular Therapy: Nucleic Acids Vol. 17 September 2019 637


http://www.moleculartherapy.org

Molecular Therapy: Nucleic Acids

= caspase-1E

Il HG+ASO-NC

k)
s Control 5 * Bl HG+ASO-CACR GAPDHE
S 4 s 10 c
7 3 I HG L] S
893 S 8 ® * =
5= g2 6 g 25 @ 15
X2 [N 8 2.0 ®c S
oo oo 4 x < 2.0
51 2%, 315 2010
T o0 5 Z 1.0 * o B *
] * S 0.5
© ™ & o 2 %
4 éb /\ "],bq 6 ‘)O ;‘)O q>) 0.5 50
a° q. QR »9 P 2 0.0 s 00
Q Q Q O N © Nl ] [
NN RN RN O S & R N & &
\(o ‘o/ & /o&/ ‘o/ &7 éo(\ [ ¥ q:\b( Qoez %O' ¥
& & o
& QS’ c?xV'
E FISH DAPI Merge F — H 2 12 >
AL 1
BN = 10
CAC R 10;_‘ ;i j 0.8 *
aoum 2 y S 06
8\\\? o ‘6/5 o st % 0.4
2
18s G £ 0.2
SLC29A1 mRNA T’ 0 o
e -
P miR-NC + - * -
SLC29A1WT 3 UGACGGACAG—---ACACGGACGACA 5 miR-214-3p - + -+
U6 miR-214-3p 5 AGAATG%(‘!‘IléCTTG(IEJFCAIg# ! I%GA 3 —
SLC20ATMUT 3 UGACGGACAG---ACACGCTGCTGA 5§ WT MUT

Figure 2. CACR Silencing Regulates Caspase-1 and miR-214-3p in Cardiomyocytes

(A) gRT-PCR was used to detect six candidate circRNAs that have potential binding sites with miR-214-3p in AC16 cells. n =

3. (B) CACR expression levels in the serum of

non-diabetic patients and diabetic patients. n = 10. (C) High-glucose-treated AC16 cells were transfected with ASO-NC and ASO-CACR. The relative expression levels of
CACR, miR-214-3p, and caspase- 1 were detected by qRT-PCR. (D) Relative caspase-1 protein expression was detected in AC16 cells. (E) FISH assays were performed to
detect the location of CACRin AC16 cells. CACR, 18's, U6, red; nuclei, blue. Scale bar, 40 um. (F) CACR contains 11 potential binding sites complementary to miR-214-3p as
analyzed by bioinformatics programs. (G) SLC29A1 is the corresponding linear sequence of CACR. The binding sequence of SLC29A1 and miR-214-3p and the mutant
sequence of SLC29A1 are shown. (H) Wide-type (WT) and mutant type (MUT) SLC29A1 were cloned downstream of the luciferase vector and co-transfected with miR-NC
and miR-214-3p mimics into HEK293 cells. Luciferase activity was detected using a luciferase assay. The relative Rluc/Luc ratio is shown. n = 3. *p < 0.05.

CACR Silencing Regulates caspase-1 and miR-214-3p in
Cardiomyocytes

Emerging evidence has demonstrated that circRNAs regulate
miRNA expression and function as competing endogenous sponges.
Consequently, we predicted potential circRNAs that possibly bind
to miR-214-3p by bioinformatics analysis. Six candidates were
predicted to have potential binding sites with miR-214-3p via
the MiRanda, Pita, and RNAhybrid databases. QRT-PCR was per-
formed to detect their expression in high-glucose-treated cardio-
myocytes (Figure 2A). Among them, hsa_circ_0076631, we
named caspase-1-associated circRNA (CACR), was increased in
the HG group. In addition, qRT-PCR indicated that CACR was
increased in the serum of diabetic patients (Figure 2B). CACR
was silenced to further determine its function in high-glucose-
treated AC16 cells. QRT-PCR showed that silencing CACR obvi-
ously increased miR-214-3p expression levels and decreased
caspase-1 expression levels (Figure 2C). Similarly, the protein
expression level of caspase-1 was remarkably reduced in high-
glucose-treated AC16 cells transfected with antisense oligonucleo-
tides for CACR (ASO-CACR) (Figure 2D). In addition, we detected
the protein expression levels of caspase-3 to assess the effects of
CACR on apoptosis. The results showed that silencing CACR
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slightly inhibited apoptosis in high-glucose-treated AC16 cells
(Figure S1).

Fluorescence in situ hybridization (FISH) assays indicated that
hsa_circ_0076631 is located in both the nucleus and the cytoplasm
(Figure 2E). The CACR isoform located at chr6: 44194999-
44200165 in the human genome is SLC29A1. We found that CACR
contained 11 potential binding sites on miR-214-3p (Figure 2F).
These binding sites were cloned into a luciferase vector, and
miR-214-3p mimics were co-transfected into HEK293T cells.
Luciferase activity was significantly suppressed when co-transfected
with miR-214-3p mimics for position of 472-493, whereas the
miR-214-3p target site mutation reversed this repression (Figures
2G and 2H). In summary, these results revealed that CACR
could regulate caspase-1 expression and function as a ceRNA of
miR-214-3p in cardiomyocytes.

CACR Silencing Alleviates Caspase-1 via miR-214-3p in
Cardiomyocytes

We further investigated the role of miR-214-3p in the effect of CACR
expression on caspase-1 in cardiomyocytes. Immunofluorescence
staining showed that after transfection with ASO-CACR, caspase-1
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Figure 3. CACR Regulates Caspase-1 Expression
via Sponging miR-214-3p in Cardiomyocytes

(A) Immunofluorescence analysis was performed to detect
the expression level of caspase-1. A representative image
is shown in the left panel. Caspase-1, red; nuclei, blue.
Scale bar, 60 um. The calculated fluorescence intensity is
shown in the right panel. (B) The relative mMRNA expression
levels of caspase-1 were detected by gRT-PCR. (C)
Western blots were performed to detect the protein
expression of caspase-1. n = 3. *p < 0.05 compared with
the ASO-NC+AMO-NC group, #p < 0.05 compared with
the HG+ASO-NC+AMO-NC group, &p < 0.05 compared
with the HG+ASO-CACR+AMO-NC group.

silencing CACR, whereas these reductions
were reversed after transfection with AMO-
214-3p (Figures 5A and 5B).

DISCUSSION
Although circRNAs appear to act as ncRNAs,
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expression levels were significantly decreased in high-glucose-treated
ACI16 cells, while this inhibition was attenuated by co-transfection
with AMO-214-3p (Figure 3A). Simultaneously, qRT-PCR and west-
ern blotting also reflected similar trends (Figures 3B and 3C). In
addition, we also found that the protein expression level of caspase-
1 was higher in the HG+ASO-NC+AMO-214-3p group than in the
HG+ASO-NC+AMO-NC and HG+ASO-CACR+AMO-214-3p
groups (Figure S2). Therefore, we ruled out the possibility that
AMO-214-3p affects pyroptosis and demonstrated that CACR regu-
lates pyroptosis by sponging miR-214-3p.

CACR Regulates Pyroptosis via the miR-214-3p/caspase-1
Pathway in AC16 Cells

We also detected other major factors in the pyroptosis signaling
pathway. Immunofluorescence staining and qRT-PCR showed that
the expression levels of NLRP3 and IL-10 were significantly decreased
after silencing ASO-CACR, but this improvement was abolished after
transfection with AMO-214-3p (Figures 4A-4D). In addition, the
NLRP3 mRNA expression level in HG+ASO-NC+AMO-214-3p
group was detected to rule out the effect of AMO-214-3p on
NLRP3 (Figure S3).

Moreover, TUNEL staining was conducted to detect myocardial cell
death. The number of TUNEL-positive cells were reduced after

they have recently attracted great attention due

to their critical roles in the pathogenesis of

many disorders. However, little is known about

& the role of circRNAs in the process of pyroptosis

# in DCM. In this study, we illustrated that CACR

is highly expressed in high-glucose-treated

cardiomyocytes and in the serum of diabetic

patients. CACR silencing inhibited caspase-1

expression via sponging miR-214-3p, conse-

quently suppressing cardiomyocyte inflamma-

tion and death. We speculate that CACR might be a new therapeutic
target for DCM (Figure 6).

Previous studies have fully confirmed the important role of
miRNAs in various diseases.”® In addition, circRNAs can target
miRNAs to regulate diseases. Therefore, circRNAs are considered
potential diagnostic markers and therapeutic targets for many
diseases. Unlike other ncRNAs, circRNAs are evolutionarily
conserved and resistant to nuclease digestion. Their half-life is
over 48 h, which makes circRNAs more stable than other
ncRNAs.>?7?® Because of the above characteristics, it is very
important to study the role of circRNA in diseases. circRNAs
have been shown to be associated with a variety of cardiovascular
diseases.”” Wang et al.”* indicated that circRNA HRCR could
sponge miR-223 and reverse cardiac hypertrophy and heart failure.
Recent studies revealed that in DCM, circ_000203 exacerbated
myocardial fibrosis by increasing Colla2 and connective tissue
growth factor (CTGF) via miR-26b-5p.”" circRNA_010567 also
promotes myocardial fibrosis via the miR-141/TGF-PB1 pathway
in DCM.>* However, there are no reports about circRNAs in the
regulation of inflammation and pyroptosis in DCM. Here, we
demonstrated that a new circRNA, CACR, was increased in
DCM. Thus, CACR is considered a vital regulator of DCM and
should be further investigated.
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Figure 4. CACR Regulates Pyroptosis via the miR-214-3p/Caspase-1 Pathway in AC16 Cells

(A) Immunofluorescence analysis was performed to detect the expression levels of NLRP3. A representative image is shown in the left panel. NLRP3, red; DAPI, blue. Scale
bar, 60 um. The calculated fluorescence intensity is shown in the right panel. (B) The relative expression levels of NLRP3 were detected by gRT-PCR. (C) Immunofluorescence
analysis was performed to detect the expression levels of IL-18. (D) The relative expression levels of /L-78 were detected by gRT-PCR. n = 3. *p < 0.05 compared with the
ASO-NC+AMO-NC group, #p < 0.05 compared with the HG+ASO-NC+AMO-NC group, &p < 0.05 compared with the HG+ASO-CACR+AMO-NC group.

Hyperglycemia contributes to myocardial injury directly or indirectly
and causes left ventricular dysfunction, cardiac fibrosis, hypertrophy,
and arrhythmia.” Cell death and inflammation are recognized as vital
mechanisms of DCM.”** Pyroptosis is a type of programmed cell
death associated with inflammation®® and is characterized by pore
formation in the membrane, cell swelling, osmotic lysis, and intracel-
lular pro-inflammatory cytokine leakage.””” In the present study,
pyroptosis was evidently activated in high-glucose-induced cardio-
myocytes, and CACR levels were increased. In addition, silencing
CACR attenuated pyroptosis significantly. Therefore, we speculate
that silencing CACR has a cardiac protective effect via weakening py-
roptosis. On the other hand, apoptosis is another type of programmed
cell death. We also found that apoptosis was slightly inhibited after
silencing CACR. This effect may be due to the inhibition of inflamma-
tion after pyroptosis is suppressed.

A ceRNA hypothesis that circRNAs regulate the expression of
mRNAs at the post-transcriptional level by competing for binding
to shared miRNAs has been proposed.”” * Comprehending RNA
cross-talk will provide important novel information about gene regu-

640 Molecular Therapy: Nucleic Acids Vol. 17 September 2019

latory networks in the pathogenesis of DCM. Herein, bioinformatics
analysis was performed to predict potential miRNAs and circRNAs
that might participate in caspase-1 regulatory networks. After the
luciferase assay and functional acquisition and deletion, we clarified
that CACR could bind to miR-214-3p and function as a ceRNA to
regulate the expression of caspase-1 during DCM. In conclusion,
the CACR/miR-214-3p/caspase-1 regulatory network acts as a bal-
ance regulator of the inflammation and cell death of cardiomyocytes
and provides novel insight into DCM.

There are some limitations to this research. First, gene sequencing
revealed that there was no homologous gene of human CACR in
mouse. For that reason, animal experiments were not performed,
and only human ACI16 cells were used for the in vitro experiments.
Second, the cardiac tissues from patients with DCM could not
be collected clinically, so more accurate histological validation
could not be performed. However, we detected differences in the
expression of CACR in the serum of diabetic and non-diabetic
patients. This finding suggests that CACR may serve as a clinical
biomarker of DCM. We believe that circRNAs derived from



www.moleculartherapy.org

TUNEL DAPI

~ 50-

%

H
o
L

+AMO-NC

HG+
ASO+CACR
+AMO-214

humans are more representative for studying the mechanisms of
DCM in humans.

TUNEL Positive(
= N W
o O O O
L L 1 1

In summary, we found that CACR was increased in DCM and was
shown to be a regulator of DCM. Silencing CACR significantly allevi-
ated pyroptosis in high-glucose-treated cardiomyocytes. Notably,
CACR functions as a ceRNA, which may sequester miR-214-3p
and thus relieve its suppressive effect on caspase-1 expression.
Here, we have provided a new mechanism for the treatment of
DCM. These findings will promote a better understanding of the
mechanisms of DCM and facilitate precise gene diagnosis and accu-
rate treatment of DCM.

MATERIALS AND METHODS

Ethics Statement and Clinical Sample Collection

Serum samples were collected from non-diabetic subjects and pa-
tients with type 2 diabetes mellitus at the Department of Endocri-
nology of the Second Affiliated Hospital of Harbin Medical University
(n = 10 in each group). Then, total serum RNA was extracted. The
clinical characteristics of the patients are shown in Table S1. All pa-
tients signed informed consent in advance. The research was
approved by the Ethics Committee of Harbin Medical University
and was carried out in accordance with the Declaration of Helsinki.

Cell Culture

Human cardiomyocyte AC16 cells were obtained from the Biological
Sciences Institutes of Shanghai and were maintained in DMEM
containing 10% fetal bovine serum and 1% penicillin/streptomycin
(HyClone, Logan, UT, USA) at 37°C in 5% CO, air. AC16 cells
were treated with 5.5 mM glucose (control) and 30 mM glucose
(HG) for 24 h. The control group was also treated with a correspond-
ing amount of mannitol for osmolarity.

Transfection

AC16 cells were transiently transfected at 60%-75% confluence with
an antisense oligonucleotides for CACR (ASO-CACR), miR-214-3p
mimics (miR-214-3p), or AMO-214-3p (RIBOBIO, Guangzhou,
China) using X-treme GENE transfection reagent (Roche, Man-
nheim, Germany). Negative controls for ASO-CACR (ASO-NC),

ASO-NC+AMO-NC

Il HG+ASO-NC+AMO-NC

Bl HG+ASO-CACR+AMO-NC
HG+ASO-CACR+AMO-214-3p

Figure 5. The CACR/miR-214-3p Pathway Regulates
DNA Fracture in AC16 Cells

(A) A representative image of the TUNEL assay is shown.
TUNEL-positive cells, green; nuclei, blue. Scale bar,
60 um. (B) TUNEL-positive cells were analyzed. n = 3.
*p < 0.05 compared with the ASO-NC+AMO-NC group,
#p < 0.05 compared with the HG+ASO-NC+AMO-NC
group, &p < 0.05 compared with the HG+ASO-CACR+
& AMO-NC group.

miR-214-3p mimics (NC), and AMO-214-3p
(AMO-NC) were utilized as controls. AC16 cells
were cultured in 12-well plates and transfected
with a 50-puL transfection system according to
the manufacturer’s protocol. The interfering RNA sequences are
shown in Table S2.

RNA Isolation and Real-Time qPCR

RNA samples from human serum and AC16 cells were isolated using
TRIzol LS or TRIzol (Invitrogen). A NanoDrop was used to detect the
purity and concentration of the RNA. cDNAs were synthesized by
using a Toyobo reverse transcription reagent kit. Then, real-time
qPCR was performed using an ABI 7500 fast machine (Applied Bio-
systems, CA, USA) with Toyobo SYBR qPCR mix reagent (Toyobo,
Osaka, Japan). The sequences of the primer pairs are listed in
Table S2. The expression of miR-214-3p was normalized to U6, and
the others were normalized to glyceraldehyde-3-phosphate dehydro-
genase (GAPDH). The relative quantification of gene expression
levels was determined by the 272" method.

Western Blot Analysis

Total protein samples from AC16 cells were harvested and extracted
using RIPA lysis buffer. The protein samples were prepared using
loading buffer and separated by 10% SDS-PAGE. Then, the proteins
were transferred onto nitrocellulose membranes and subsequently
blocked with 5% non-fat milk dissolved in PBS for 2 h at room tem-
perature. Next, the membranes were incubated with primary anti-
bodies against NLRP3 (Boster Biological Technology, Wuhan, China;
catalog #BA3677), caspase-1 (Cell Signaling Technology, MA, USA;
catalog #2225S), IL-1B (R&D Systems; catalog #MAB201), and
GAPDH (ZSGB-BIO, Beijing, China; catalog #TA-08) (1:1,000) at
4°C overnight, followed by goat anti-mouse immunoglobulin G
(IgG) (ZSGB-BIO, Beijing, China; catalog #ZB-2305) or anti-rabbit
IgG (ZSGB-BIO, Beijing, China; catalog #ZB-2301) for 1 h at room
temperature. GAPDH was used as an internal control. Western blot-
ting bands were measured by Quantity One software.

Immunofluorescence Staining

AC16 cells were fixed with 4% buffered paraformaldehyde in PBS for
20 min at room temperature. The cells were then washed with PBS
buffer. Blocking buffer containing 1% BSA and 0.1% Triton X was
used to block the cells for 1 h at room temperature. Then the cells
were treated with 500 puL goat serum for 2 h and incubated with

Molecular Therapy: Nucleic Acids Vol. 17 September 2019 641


http://www.moleculartherapy.org

miR-214-3p
SN
-i- NLRP3
capsase-1 /
7 Inflammasome

X ‘_.‘.

pro-IL-1B IL-1B

pyroptosis

Figure 6. Proposed Model of the Function of CACR in Regulating Pyroptosis
via miR-214-3p in High-Glucose-Treated Cardiomyocytes

primary antibodies against NLRP3, caspase-1, and IL-1f (1:200) at
4°C overnight. Next, the cells were incubated with secondary anti-
body for 1 h at room temperature. The nuclei were stained with
DAPI (Beyotime, Shanghai, China) for 20 min. Images were captured
using a fluorescence microscope (Nikon 80i, Otawara, Tochigi, Japan)
and analyzed using Image] software.

TUNEL Staining

DNA fragmentation in cardiomyocytes was detected using a cell
death detection kit (Roche, Indianapolis, IN, USA) according to the
corresponding instructions. DAPI was used to stain the nuclei.
Finally, the stained sections were examined under a fluorescence
microscope (Eclipse 80i; Nikon, Japan).

Luciferase Assay

The corresponding linear sequence of hsa_circ_0076631 is SLC29A1,
as shown in the circBase software. A dual-luciferase vector, SLC29A1,
3’ UTRs with miR-214-3p binding sites, and mutated 3" UTRs were
constructed by RIBOBIO (Guangzhou, China). The target fragments
were cloned into the vector using the restriction enzymes Xhol and
Notl. HEK293 cells were transfected with the wild-type vector, muta-
tion vector, and miR-214-3p mimics or NC using Lipofectamine 2000
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(Invitrogen) according to the manufacturer’s instructions. After 48 h
of transfection, the dual-luciferase reporter assay system (Promega
Biotech) was used to detect the luciferase activity.

FISH

To detect the location of CACR, AC16 cells were plated into a 24-well
plate. When the cells reached 60%-70% confluency, they were fixed in
4% paraformaldehyde for 10 min at room temperature and then per-
meabilized with 0.5% Triton X-100 on ice for 5 min. The cells were
added to a pre-hybridization solution and incubated at 37°C for
30 min. Then, the solution was changed to a hybridization buffer con-
taining a Cy3-labeled FISH probe for CACR and the internal controls
18 s and U6, and the samples were incubated at 37°C overnight in the
dark. After that, the cells were washed with sodium citrate (SCC) and
PBS. DAPI was used to stain the nuclei for 10 min. Mounting medium
was added, and the cells were detected using a microscope (Nikon,
Japan).

Data Analysis

All data in this study are expressed as the mean + SD as calculated
with GraphPad Prism 6. Statistical significances between two mea-
surements were determined by unpaired Student’s t tests, and one-
way ANOVA was used to determine the significance among
different groups. A value of p < 0.05 was considered statistically
significant.
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