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Abstract

BACKGROUND: The cardiomyocyte apoptosis is considered as one of major contributions to cardiac remodeling after

myocardial infarction (MI). Numerous studies find that circular RNAs (circRNAs) play pivotal roles in a variety of

biological functions. However, the role of circ_0068655 in MI and human induced pluripotent stem-derived cardiomy-

ocytes (HCMs) remains unknown.

METHODS: The expression of circ_0068655, miR-498, and PRKC apoptosis WT1 regulator (PAWR) in human MI heart

tissues and hypoxia subjected HCMs was evaluated with qRT-PCR and Western blot. The effects of circ_0068655 on

hypoxia-induced apoptotic death and cell migration in HCMs were evaluated with qRT-PCR, cell viability, cell death

ELISA (POD), and Caspase-3 activity assay, and Trans-well assay, respectively. Furthermore, luciferase assay, qRT-PCR,

biotin-labeled miRNA pulldown assay, and Western blot were employed in the functional studies.

RESULTS: We found that the expression of circ_0068655 and PAWR was enhanced in MI patients and hypoxia subjected

HCMs; by contrast, the expression of miR-498 decreased. Inhibited expression of circ_0068655 in HMCs counteracted

hypoxia-induced apoptotic death and impaired cell migration, in sharp contrast to circ_0068655 knockdown. We identified

that circ_0068655 sponged an endogenous miR-498 to sequester and inhibit its activity, leading to the increased PAWR

expression.

CONCLUSIONS: Our findings reveal that the expression of circ_0068655 can promote cardiomyocyte apoptosis through

the modulation of miR-498-PAWR axis in vitro, which highlights the diagnostic and therapeutic value of circ_0068655 in

patients with MI.
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1 Introduction

Myocardial infarction (MI) is a common cardiac emer-

gency with a sudden loss of blood or oxygen supply [1].

Cardiomyocyte apoptosis, hypertrophy, and a series of

inflammatory and immune responses are associated with

MI [2, 3, 4], leading to chronic heart failure and cardiac

remodeling [5, 6]. Even though the management of MI has

been improved over the past several decades, exploring the

pathogenesis of MI is crucial. The apoptosis of cardiomy-

ocytes resulting from MI has been identified as an essential

process in the progression to heart failure [7]. Thus, to
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discover novel molecular mechanisms withstanding MI-

related apoptosis attracts widespread interest.

Circular RNAs (circRNAs) are characterized as a class

of endogenous noncoding RNAs and have high stability

and resistance against RNA exonuclease due to their

covalently closed-loop structures [8]. Numerous circRNAs

are found in human serum exosomes and their functions are

identified, including binding to and regulating microRNA

(miRNA) as a miRNA sponge, forming RNA–protein

interaction complexes, regulating the parental gene

expression, and sequestering proteins from their native

subcellular localization [9–11]. Several circRNAs have

been demonstrated that play the pivotal roles in cardiac

development and physiology [12, 13]. Aberrant expression

of these circRNAs is associated with heart failure, MI, and

hypertrophy [13, 14]. Some studies demonstrated that the

upregulation of CDR1as is associated with MI, and the

downregulation of heart-related circular RNA (HRCR) is

associated with hypertrophic cardiomyopathy [15, 16],

suggesting the potential crucial role of circRNAs under

these pathologic conditions.

In a most recent study, over 15,000 cardiac circRNAs

within human heart tissues have been identified using

purpose-designed bioinformatics tools [12, 17]. However,

circ_0068655 has never been studied in cardiovascular

disease studies, indicating the potential importance of

circ_0068655 in MI mechanism study.

In the current study, we identified that circ_0068655 and

the PRKC apoptosis WT1 regulator (PAWR) was upregu-

lated in MI heart tissues and hypoxia-induced cell line.

High expression level of circ_0068655 was associated with

high apoptosis cell rate. In the functional studies, we found

that circ_0068655 acted as an efficient miR-498 sponge

and exerted its function by modulating the miR-498/

PAWR axis, thereby, exacerbating cell apoptosis rate and

reducing cell viability. These findings revealed the func-

tions of a novel circRNA in MI-related apoptosis a sug-

gested that circ_0068655 might be a therapeutic candidate

for MI.

2 Materials and methods

2.1 Cell culture and treatment

Commercial human induced pluripotent stem-derived car-

diomyocytes (HCMs) were maintained in Dulbecco’s

modified Eagle’s medium (Thermo Fisher Scientific, In.,

Waltham, MA, USA) composing of 10% fetal bovine

serum (FBS, Sigma Aldrich, St. Louis, MO, USA). The

cells were cultured in a hypoxia incubator (5% CO2, 94%

N2, and 1% O2) for 3, 6, and 12 h.

2.2 Total RNA extraction and RNA expression

Total RNA was extracted using Trizol Reagent (Invitro-

gen), followed by cDNA synthesis with SuperScript III

Reverse Transcriptase (Invitrogen, Carlsbad, CA, USA)

according to the manufacturers’ introductions. The

expression of these genes was quantified with RT-PCR

using SYBR Green (CloudSeq Biotech Inc., Shanghai,

China) technology on the ABI Prims 7900HT Sequence

Detection System (Applied Biosystems, Carlsbad, CA,

USA). The species-specific gene circ_00686552, miR-498,

and PAWR sequences were customized designed and

synthesized (Sangon Biotech, Co., Ltd., Shanghai, China)

[18, 19]. U6 was used as an internal control for the

expression of circ_00686552 and miR-498, and GAPDH

was used as an internal control for the expression of

PAWR. The primers were shown in Table 1.

2.3 Bioinformatic analysis, vector construction

and cell transfection

For circ_0068655 knockdown version, lentiviral-based

shRNAs targeting circ_0068655 (Table 1) were synthe-

sized and purchased from GeneChem (Shanghai, China).

For circ_0068655 overexpression version, sequence was

synthesized and amplified by PrimerSTAR Max DNA

Polymerase Mix (Takara, Dalian, China). The PCR product

was inserted into pLCDH vector and the vector contained a

front circular frame and a back circular frame. For

circ_0068655 mutation version, Circular RNA Interactome

(http://circinteractome.nia.nih.gov) was used to predict the

potential targeted sequences between circ_0068655 and

miR-498. The miR-498 mimics were synthesized by Gen-

ePharma. The circ_0068655 sequence and circ_0068655

sequence with mutation of miR-498 binding site (Table 1)

were synthesized using overlap extension PCR and sub-

cloned into the luciferase reporter psiCHECK2 (Promega,

Madison, WI, USA) and designated as circ_0068655-WT

and circ_0068655-MT, respectively. The transfection effi-

ciency of circ_0068655 and miR-498 was confirmed using

qRT-PCR after HCMs were transfected with sh-

Circ_0068655 and miR-498 mimics and inhibitor,

respectively.

Additionally, PAWR has one putative 10-mer site that

matches to the hsa_miR-498 seed region through Tar-

getscan (http://www.targetscan.org/vert_71) predication.

The PAWR sequence and PAWR sequence with mutation

of miR-498 binding site (Table 1) were synthesized and

subcloned into the luciferase reporter psiCHECK2 (Pro-

mega) and designated as PAWR 30 UTR-WT and PAWR 30

UTR-MT, respectively.

To evaluate the effects of circ_0068655 on hypoxia

treated HCMs, the cells were transfected with sh-
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Circ_0068655. To reveal the relationship between

circ_0068655 and miR-498, HCMs were co-transfected

with sh-circ_0068655 and miR-498 inhibitor. The trans-

fected HCMs were cultured in a hypoxia incubator for 12 h

for cell viability, apoptotic cell rate, and migration and

invasion evaluations. The gene and protein expression of

PAWR in sh-Circ-0068655 and miR-498 co-transfection

cells was evaluated using qRT-PCR and Western blot,

respectively.

2.4 Cell viability assay

3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium

Bromide (MTT) assay was employed to evaluate the cell

viability according to the manufacturer’s instruction.

Briefly, transfected cells were seeded in 96-well plates with

5,000 cells/well and cultured in a hypoxia incubator for

12 h. MTT (20 ll) solution was added to culture medium

and 200 ll dimethyl sulfoxide was used to dissolve the

blue formazan after removing the medium. The spec-

trophotometric absorbance was measured by a microplate

reader with a wavelength of 550 nm to reveal the cell

viability. The cells without transfection and hypoxia

treatment was used as a control group and the absorbance

was normalized to the control group.

2.5 Capspase-3 activity

An Apo-ONE Homogeneous Caspase-3/7 Assay kit (Pro-

mega, Madison, WI, USA) was used to evaluate the cas-

pase-3 activity according to the manufacturer’s instruction.

Briefly, hypoxia treated (12 h) cells were incubated with

Caspase-Glo� 3/7 reagent for 3 h and the luminescence

was measured in a plate-reading luminometer. The cells

without transfection and hypoxia treatment was used as a

control group in the circ_0068655 function study. In the

circ_0068655/miR-498/PAWR axis function study, the

cells transfected with negative vector were used as a con-

trol group. The absorbance was normalized to the control

group.

2.6 Cell death ELISA (POD) assay

A cell death detection ELISA kit (Roche Applied Science,

Indianapolis, IN, USA) was applied to measure the total

quantity of mono- and oligonucleosomes according to the

manufacturer’s instruction. In brief, the hypoxia treated

cells were lysed and the lysates were incubated with anti-

histone-biotin and anti-DNA-POD antibodies in a strepta-

vidin-coated microplate for 90 min at room temperature.

After removing the medium, 2, 20-azino-bis(3-ethylben-
zthiazoline-6-sulfonic) acid substrate was added and

absorbance was measured with a wavelength of 405 nm.

The cells without transfection and hypoxia treatment was

used as a control group in the circ_0068655 functional

study. In the circ_0068655/miR-498/PAWR axis functional

study, the cells transfected with negative vector were used

as a control group. The absorbance was normalized to the

control group.

2.7 Trans-well assay

To investigate the effects of circ_0068655 on hypoxia

treated cells, two-chamber trans-well assay was applied

according the previous report [20]. Briefly, transfected

HCMs were seeded into the upper chamber of Corning

chambers (Corning Inc., Corning, NY, USA) and the

chambers were incubated in a hypoxia condition for 12 h.

To evaluate the invaded cells, the upper chambers were

coated with Matrigel (BD Bioscience, Franklin Lakes, NJ,

USA) and incubated at 37 �C for 30 min before the cells

were seeded. The migrated cells were stained with the

Fig. 1 The dysregulation of circ_0068655, miR-498, and PAWR in

cardiomyocytes subjected to hypoxic insult. A The expression of

circ_0068655, miR-498, and PAWR in HCMs subjected to hypoxia

treatment for 3, 6, and 12 h was evaluated by qRT-PCR. B The

protein expression of PAWR in HCMs subjected to hypoxia treatment

for 3, 6, and 12 h was evaluated by western blotting. The data are

expressed as the mean ± SD. *p\ 0.05; **p\ 0.01

662 Tissue Eng Regen Med (2020) 17(5):659–670

123



crystal violet (Beyotime Biotechnology, Shanghai, China).

The cells without transfection and hypoxia treatment was

used as a control group in the circ_0068655 functional

study. In the circ_0068655/miR-498/PAWR axis functional

study, the cells transfected with negative vector were used

as a control group. The relative migration and invasion

were normalized to the control group.

Fig. 2 Suppression of circ_0068655 alleviated hypoxia-induced cell

injury. A The expression of circ_0068655 in HCMs transfected with

shRNAs to knockdown circ_0068655 (sh-Circ_0068655#1, sh-

Circ_0068655#2) or empty vector (sh-Ctrl) was determined by

qRT-PCR. B Cell viability, C caspase-3 activity, D DNA

fragmentation, E migration, and F invasion were evaluated by MTT

assay, Caspase-3 activity assay, cell death ELISA (POD) assay, and

trans-well assay in HCMs transfected with shRNAs against

Circ_0068655 or empty vector (sh-Ctrl), respectively. The data are

expressed as the mean ± SD. *p\ 0.05; **p\ 0.01

Tissue Eng Regen Med (2020) 17(5):659–670 663
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2.8 Nuclear and cytoplasmic fraction isolation

The Ambion� PARISTM system (Thermo Fisher Scientific)

was used for the RNA and protein isolation from HCMs

according to the manufacturer’s instruction. Briefly, HCMs

was mixed with ice cold cell disruption buffer and

incubated on ice for 10 min to completely lyse cells. The

mixture was centrifuged at 4 �C with 500 9 g for 5 min

and the supernatant was collected as the cytoplasmic

fraction into an RNase free tube for cytoplasmic RNA

isolation. Ice cold cell disruption buffer was added to the

formed pellet for the nuclear pellet lysis and collection for

Fig. 3 Circ_0068655 acted as a sponge to negatively regulate miR-

498. A Levels of circ_0068655 in the nuclear and cytoplasmic

fractions in HCMs were confirmed via qRT-PCR. B Graphical

representation showing the predicted sites of miR-498 for binding to

circ_0068655 and its corresponding mutation. Luciferase reporter

assay for the interaction between miR-498 and circ_0068655 in

C HCMs and D HEK-293T cells. E The expression of miR-498 in

HCMs after transfected with shRNAs against circ_0068655 or empty

vector (sh-Ctrl) was determined by qRT-PCR. F The expression of

miR-498 in HCMs after transfected with circ_0068655 plasmid or

empty vector (Vector) was determined by qRT-PCR. The data are

expressed as the mean ± SD. *p\ 0.05; **p\ 0.01, ns: no signif-

icant difference

664 Tissue Eng Regen Med (2020) 17(5):659–670

123



the nuclear RNA isolation. To isolate cytoplasmic fraction

and nuclear lysate RNA, an equal volume of lysis/binding

solution was added to the lysates at room temperature.

Preheated elution solution was used to collect RNA and the

RNA samples were used for qRT-PCR to confirm the

circ_0068655 location.

2.9 Dual-luciferase reporter assay

For dual-luciferase reporter assay, sequences of

circ_0068655-WT and PAWR 30UTR-WT vectors with

related reporters were transfected into HCMs and HEK-

293T cells using Lipofectamine 2000 (Thermo Fisher

Scientific). Mutated plasmids were used as controls. The

cells were transfected with the related reporter plasmids

and related miRNA or negative control. After 48 h trans-

fection, dual-luciferase reporter assay system (Promega)

was applied to evaluate luciferase activity according to the

manufacturer’s instructions. Briefly, passive lysis buffer

was added to perform lysis and luciferase assay buffer II

containing luciferase assay substrate was added to measure

firefly luciferase activity. Stop & Glo� reagent was added

to the mixture to measure Renilla luciferase activity and

firefly luciferase was used as a reporter gene for the nor-

malized control.

2.10 Western blot

The treated cells were homogenized in NP-40 lysis buffer

(1% NP-40, 20 mM Tris, 137 mM NaCl, 20% glycerol,

10 mM PMSF, 1 mM Na3VO4, 10 mM NaF, 2.5 mg/ml

aprotinin, and 2.5 mg/ml leupeptin). Protein concentrations

were determined with the Bicinchoninic Acid (BCA) Pro-

tein Assay Kit (Thermo Fisher Scientific), and 20–30 lg
protein was denatured by heating at 95 �C for 10 min

before loading into SDS-PAGE gel. The following dilu-

tions of primary antibody were used: PAWR (1:1000; Cell

Signaling, Danvers, MA, USA) and GAPDH (1:1000, Cell

Signaling). The protein expression of PAWR were detected

by an enhanced chemiluminescence detection system

(Amersham Biosciences, Piscataway, NJ, USA).

2.11 Biotinylated-probe pull-down assay

Biotinylated-probe pull-down assay was performed as the

previous described [21]. Biotin-labeled miR-498 was

transfected into HCMs. The whole cell lysates were incu-

bated with streptavidin-coupled magnetic beads (Thermo

Fisher Scientific) for an additional 16 h at 4 �C with

rotation. The bead-RNA complexes were harvested and

washed, followed by DNase treatment and purification. The

expression of circ_0068655 and PAWR was evaluated by

qRT-PCR. All procedures were performed in the RNase-

free conditions.

2.12 Statistical analysis

The data are presented as the mean ± standard deviation

(SD). SPSS 13.0 software package was used to analyze the

data. Three independent experiments were performed in all

in vitro experiments. Comparisons between two groups

were made using a two-tailed t test. When more than 2

groups were compared, a Shapiro–Wilk normality test was

performed to asses for a normal distribution, and one-way

ANOVA analysis was employed to determine the statistical

significance. The level of significance was set at p\ 0.05.

3 Results

3.1 Circ_0068655 was identified to be significantly

up-regulated in MI and hypoxia-induced HCMs

We found that the expression of circ_0068655 and PAWR

in HCMs increased with hypoxia inducing duration

increasing, while the expression of miR-498 showed an

opposite trend (Fig. 1A). The protein expression of PAWR

confirmed these findings (Fig. 1B). These results indicated

that circ_0068655 may contribute to the negative effects on

in vitro hypoxia-induced HCMs.

3.2 Circ_0068655 promoted hypoxia-induced cell

injury

After transfected with sh-Circ_0068655, the expression of

circ_0068655 decreased comparing to the control

(Fig. 2A), indicating that the expression of circ_0068655

was suppressed due to the sh-Circ_0068655 transfection.

After treated with hypoxia, the cells with lower

circ_0068655 expression had significantly higher cell via-

bility, migration, and invasion (Fig. 2), but lower apoptotic

cell rate (Fig. 2C, D) versus the control group. These

results suggested that knockdown the expression of

circ_0068655 can prevent the cell injury induced by

hypoxia.

3.3 Circ_0068655 Sponged miR-498 in HCMs

To observe cellular localization of circ_0068655, qRT-

PCR was applied to analyze nuclear and cytoplasmic

circ_0068655 RNA. Results showed that circ_0068655

transcript located in the cytoplasm (Fig. 3A). We found

that circ_0068655 shares 8-mer bindings site of miR-498

by using Circular RNA Interactome (Fig. 3B). Subse-

quently, luciferase reporter assays were used to determine

Tissue Eng Regen Med (2020) 17(5):659–670 665
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whether miR-498 directly targets circ_0068655. The luci-

ferase activity of circ_0068655 luciferase reporters signif-

icantly reduced in the cells transfected with miR-498

mimics (Fig. 3C, D, indicating that miR-498 was the

circ_0068655 associated miRNA in HCMs and HEK-293T

cells. However, there was no significant difference between

the cells transfected with mutant plasmid (Fig. 3C, D).

Moreover, knockdown of circ_0068655 can promote miR-

498 expression, while overexpression of circ_0068655 can

suppress miR-498 expression (Fig. 3E, F). These results

suggested that circ_0068655 directly sponged miR-498.

3.4 Circ_0068655 acted as a competing endogenous

RNA to promote PAWR expression

We found that the 30 UTR of PAWR shares the 10-mer

binding site of miR-498 by using Targetscan (Fig. 4A).

After transfected with miR-498 mimics, the expression of

miR-498 in HCMs was greater versus the cells without

transfection, while the expression was inhibited after the

cells was transfected with miR-498 inhibitor (Fig. 4B).

Luciferase reporter assays showed that miR-498 mimics

reduced the luciferase activity of the PAWR with a wild-

type vector and there was no significant effect in the cells

with the mutant plasmid transfection in HCMs and HEK-

293 T cells (Fig. 4C, D). Moreover, an RNA pull-down

assay was performed by using biotin-labeled miR-498. We

found that both of circ_0068655 and PAWR were pulled

down by biotin-labeled miR-498 (Fig. 4E), suggesting both

of circ_0068655 and PAWR had binding site with miR-

498. The expression of PAWR in HCMs transfected with

miR-498 mimics was suppressed, while the expression was

enhanced in the cells transfected with miR-498 inhibitor

(Fig. 4F, G), indicating that miR-498 can inhibit the

expression of PAWR. Moreover, knockdown of

circ_0068655 decreased the protein and mRNA levels of

PAWR, while overexpression of circ_0068655 promoted

PAWR expression (Fig. 4H–J). Taken together, these

results suggested that circ_0068655 can enhance PAWR

expression by competitively binding miR-498.

3.5 Circ_0068655 suppressed cell viability

and promoted apoptosis by sponging miR-498

and down-regulating PAWR expression

The gene and protein expression of PAWR was repressed

in the cells with circ_0068655 siRNA transfection

(Fig. 5A, B). Importantly, the inhibition of circ_0068655

siRNA on PAWR was attenuated by miR-498 inhibitor

(Fig. 5A). The protein expression change of PAWR con-

firmed this finding (Fig. 5B). Therefore, we inferred that

circ_0068655 might exert its function via modulation of

the miR-498/PAWR axis. We further explored the bio-

logical function of circ_0068655 and miR-498 in HCMs.

The MTT assay revealed that knockdown of circ_0068655

can significantly promote cell viability and cell migration

and invasion, and repressed the apoptotic cell rate

(Fig. 5C–G). In order to investigate whether circ_0068655

exerted it function through sponge activity of miR-498, we

co-transfected miR-498 inhibitor and circ_0068655 siRNA

in HCMs. The effect of circ_0068655 knockdown on cell

viability, apoptotic cell rate, migration and invasion was

reversed by the miR-498 inhibitor (Fig. 5C–G). These

results indicate that circ_0068655 may exert its function

via modulation of miR-498/PAWR axis.

4 Discussion

CircRNAs were found as a novel class of endogenous

noncoding RNAs that have covalently closed-loop struc-

tures and have higher stability and resistance against RNA

exonuclease comparing to linear RNA [14]. Because of the

distinct properties, circRNAs attract widespread attention

in various disease studies [14, 22, 23]. However, the

mechanisms of circRNAs in cardiac pathophysiology are

still unclear. Our current study showed detailed negative

effects of circ_0068655 on HCMs. In MI tissues,

circ_0068655 had higher expression and its overexpression

promoted cardiomyocyte ischemia-related apoptotic death,

whereas its down-regulation protected cardiomyocyte

against hypoxic injury through targeting miR498-PAWR

regulatory cascade.

Several studies found that circRNAs had aberrant

expression in various cardiovascular diseases

[15, 16, 24, 25]. Upregulation of circ-Ttc3 may protect

bFig. 4 PAWR competed with circ_0068655 for miR-498 binding

sites. A Graphical representation showing the predicted miR-498

binding sites in the region of PAWR and its corresponding mutant

sequence. B The expression of miR-498 in HCMs after transfected

with miR-498 mimics and miR-498 inhibitor or their respective

negative controls was determined by qRT-PCR. (C and D) Luciferase

assays were performed in C HCMs and D HEK-293T cells co-

transfected with wild-type or mutant psiCHECK2-PAWR 3’UTR and

miR-498 mimics or miR-NC. E circ_0068655 and PAWR were

pulled down and enriched with biotin labeled miR-498. F,G The gene

and protein expression of PAWR in HCMs transfected with miR-498

mimics alone or miR-498 inhibitor was determined by F qRT-PCR

and G western blotting, respectively. H PAWR expression in HCMs

transfected with shRNAs against circ_0068655 or empty vector (sh-

Ctrl) was determined by qRT-PCR. I PAWR expression in HCMs

transfected with circ_0068655 plasmid or its respective empty vector

was determined by qRT-PCR. J The protein expression of PAWR in

HCMs transfected with plasmids as described above was evaluated by

western blotting. The data are expressed as the mean ± SD,

**p\ 0.01; ***p\ 0.001
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cardiomyocytes against the hypoxic injury [25]. In a mouse

MI injury model, the overexpression of Cdr1as was asso-

ciated with cardiac infarct size increase and cell apoptosis

by sponging miR-7a [15]. Circ-HRCR can act as an

endogenous miR-223 sponge and prevent cardiac hyper-

trophy and heart failure in a pressure overload-induced

hypertrophic mouse model [16]. Herein, our findings pro-

vided a novel circRNA and demonstrated that the upreg-

ulation of circ-0068655 in cardiomyocytes can result in cell

apoptosis and the downregulation can confer the potent

resistance to hypoxic.

In the present study, we focused on the modulation on

miRNA-protein sequestration in dissect the circ-0068655-

mediated hypoxic injury. We found that circ_0068655 and

PAWR had one potential 8-mer and 10-mer site that mat-

ches to the hsa_miR-498 seed region through online tools,

respectively. We also found that circ_0068655 and PAWR

had an opposite expression pattern comparing to miR-498

in human MI tissues. MiR-498 attracts numerous studies in

Fig. 5 Circ_0068655 exerted its function via modulation of the

circ_0068655/miR-498/PAWR axis. HCMs were co-transfected with

shRNA against circ_0068655, miR-498 inhibitor, empty vector, or

negative control inhibitor, followed by hypoxia incubation for 12 h.

The A RNA and B protein expression of PAWR, C cell viability,

D caspase-3 activity, E DNA fragment, F relative migration, and

G invasion were determined by qRT-PCR, western blotting, MTT

assay, Caspase-3 activity assay, cell death ELISA (POD) assay, and

trans-well assay, respectively. The data are expressed as the

mean ± SD, **p\ 0.01
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various diseases and miR-498 showed contradictory

effects. The overexpression of miR-498 in colon cancer

cell lines could result in cell proliferation inhibition, while

the expression of miR-498 can promote cell proliferation in

Y79 cells [19, 26]. The comprehensive analysis of miR-498

in cardiac related diseases remains limited. In a recent

study, it is demonstrated that the expression of miR-498

was upregulated in patients with congenital heart disease

[27]. However, the role of miR-498 in MI is not clear. Our

current study demonstrated that miR-498 may play a piv-

otal role to regulate normal heart functions. In our study we

found that the expression of miR-498 decreased in MI

tissues and hypoxia-induced HCMs, indicating miR-498

was positively linked to cardiomyocyte fate and seques-

tration of miR-498 by circ_0068655 deteriorate the

hypoxia-induced apoptosis.

In the previous report, PAWR was associated with

inhibition of angiogenesis that was enhanced upon hypoxia

and acute MI [28, 29]. Our findings were consistent with

these reports and the expression of PAWR increased in

hypoxia-induced HCMs. Because of the endogenous miR-

498, the PAWR expression was inhibited and the inhibition

could be reversed when miR-498 inhibitor was applied.

Our findings provided additional insight that PAWR is one

of miR-4980s targets with clear evidence. Of note, we

observed that the 30 UTR of PAWR shares the binding sites

of miR-498 matched in circ_0068655 by using bioinfor-

matics. High PAWR expression in cardiac diseases and

tumors often correlates with cell viability, apoptosis, and

cell invasion [18, 29]. Therefore,

we further identified whether circ_0068655 acts as a

sponge of miR-498 to promote PAWR expression in

HCMs. Theoretically, circ_0068655 acted as a sponge to

control miR-498 expression, with the result that increased

expression of circ_0068655 should decrease miR-498 and

promote PAWR expression. We demonstrated that PAWR

is a direct target of miR-498 in HCMs. Moreover, we

confirmed that circ_0068655 regulates PAWR expression

through miR-498. The effect of circ_0068655 knockdown

on HCMs can be reversed by the application of miR-498

inhibitor. These results revealed that circ_0068655 pro-

motes HCM apoptosis by sponging miR-498.

In conclusion, we show that circ_0068655 plays a piv-

otal role in MI, and the circ_0068655-miR-498-PAWR

regulatory axis underlies the cardiac regulation. These

findings provide new insights for understanding the

pathogenesis of MI-related cardiomyocyte apoptosis.
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