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Circ-JA760602 promotes the apoptosis of hypoxia-induced
cardiomyocytes by transcriptionally suppressing BCL2
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ABSTRACT Acute myocardial infarction (AMI) is myocardial necrosis caused by the complete or partial
obstruction of a coronary artery. Circular RNAs (circRNAs) have been proven as regulators in the progres-
sion of various human diseases, including AMI. However, the role of novel circ-JA760602 in AMI remains
unknown. Here, we investigated therole of circ-JA760602 in modulating the apoptosis of hypoxia-induced
AMI cells using the AC16 cardiomyocyte in vitro cell model. The expression of circ-JA760602 in AC16
cardiomyocytes subjected to hypoxia was measured by quantitative real-time polymerase chain reaction
(gRT-PCR). Cell viability was measured by cell counting kit-8 (CCK-8) assay. Apoptosis of cardiomyocytes
was evaluated by TUNEL assay and flow cytometry analysis. The cellular location of circ-JA760602 was
identified through fluorescence in situ hybridization (FISH) assay and subcellular fractionation assay.
The downstream molecular mechanisms of circ-JA760602 were demonstrated by luciferase reporter
assay, RNA binding protein immunoprecipitation (RIP) assay and chromatin immunoprecipitation (ChIP)
assay. Rescue assays were performed to demonstrate the effects of BCL2 knockdown on circ-JA760602
silencing-mediated cardiomyocyte apoptosis. Circ-JA760602 expression was elevated after hypoxia
treatment. Knockdown of circ-JA760602 enhanced viability and curbed apoptosis of hypoxia-treated
cardiomyocytes. EGR1 and E2F1 could activate BCL2 transcription. Cytoplasmic circ-JA760602 bound
with EGR1 and E2F1 to thus inhibit their nuclear translocation. BCL2 knockdown reversed the effects
of circ-JA760602 silencing on the apoptosis of hypoxia-treated AC16 cells. Circ-JA760602 promotes
hypoxia-induced apoptosis of cardiomyocytes by binding with EGR1 and E2F1 to inhibit the transcriptional
activation of BCL2.
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Introduction

Cardiovascular diseases (CVDs) have become a major threat
to people’s health worldwide. Great efforts have been made to
improve diagnosis and treatment of CVDs, including medicalimag-
ing, bioengineering, animal and clinical studies (Tang et al., 2015).
Acute myocardial infarction (AMI) mainly refers to myocardial
necrosis caused by acute and persistent ischemia and hypoxia of
the coronary artery (Feng et al., 2021). AMI accounts for 81% of
cardiogenic shock cases (Kapuretal.,2020) and leads to nearly half

of death cases of CVDs (Feng et al., 2021). Currently, reperfusion
of infarcted coronary arteries is considered as the most effective
treatment method for AMI, which is used for restoration of oxygen
supply and blood flow (Wang et al., 2021a). Although reperfusion
can help patients survive from AMI, the injury after treatment still
causes much painto patients (Kloner et al.,2016). Consequently, it
isof greatimportance explore the molecular mechanismsinvolved
in AMI for the better prognosis of AMI patients.

Circular RNAs (circRNAs) are a class of endogenous non-
coding RNAs with stable covalent closed loop structure, which
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can involve in the development of varied diseases, including AMI.
For instance, circMACF1 has been found to impede AMI progres-
sion via miR-500b-5p/EMP1 axis (Zhao et al., 2021). CircROB0O2
has been proven to promote AMI via targeting miR-1184/TRADD
axis (Chen et al., 2021). In addition, circUBXN7 can alleviate the
hypoxia/reoxygenation-induced cell apoptosis and inflamma-
tion in AMI (Wang et al., 2021a). In this study, circ-JA760602
(hsa_circ_0089761) was chosen as the research object due to its
up-regulation in heart samples of AMI patients, according to GEO
dataset. Considering that AMI can result in apoptosis and injury
of cardiomyocytes (Jiao et al., 2019; Wu et al., 2017), we intended
to figure out whether circ-JA760602 can regulate the apoptosis
of cardiomyocytes in AMI model.

Inthis study, we constructed an AMI cell model through treating
AC16 cells with hypoxia and explored the mechanism by which
circ-JA760602 affected hypoxia-induced apoptosis of AC16 cells.
By means of this study we hope to provide a better understanding
of the mechanism underlying the progression of AMI.

Results

Circ-JA760602 expression is upregulated in hypoxia-induced
cardiomyocytes

Through analyzing the GEO dataset (https://
www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE169594), we determined that circ-

GSE169594: AMI vs Control

Circ-JA760602 knockdown suppresses the apoptosis of hypoxia-
induced cardiomyocytes

To determine the functional role of circ-JA760602 in hypoxia-
induced AMI cell model, we first knocked down circ-JA760602
expression by transfecting circ-JA760602-specific siRNAs into
Hypoxia-AC16 cells (Fig. 2A). We selected sil1-circ-JA760602 and
si2-circ-JA760602 for the loss-of-function assays due to their
high knockdown efficiencies. The results of CCK-8 assay indi-
cated that cell viability was notably promoted after knockdown of
circ-JA760602 (Fig. 2B). Moreover, cell apoptosis was markedly
inhibited after circ-JA760602 silencing, as demonstrated by the
decreased TUNEL positive cell number and cell apoptosis rate
(Fig. 2 C-D). Meanwhile, the caspase-3 activity was weakened
when circ-JA760602 expression was down-regulated, also sug-
gesting that cell apoptosis was hindered (Fig. 2E). Taken together,
circ-JA760602 down-regulation could suppress hypoxia-induced
apoptosis of cardiomyocytes.

Circ-JA760602 modulates BCL2 transcription viaEGR1 and E2F1

Thereafter, we continued to explore the regulatory mechanism
of circ-JA760602. The subcellular location of circ-JA760602 was
first analyzed by FISH and subcellular fractionation assays. As
displayed in Fig. 3 A-B, circ-JA760602 mainly distributed in the

JA760602 was mostsignificantly upregulatedin
the heart samples collected from AMI patients
(Fig. 1A). Next, we uncoveredthat circ-JA760602
expressionwas significantlyaugmentedin AC16
cells after hypoxia treatment through qRT-PCR
measurement (Fig. 1B). Therefore, we chose
circ-JA760602 as the research object. Before
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further detection, we demonstrated the circular
characteristics of circ-JA760602. As shown in
Fig. 1C, circ-JA760602 was generated from
exons 1 of its host gene JA760602. Then, we
detected the stability of it in cells treated with
RNase R or actinomycin D (ActD). It was found
that GAPDH mRNA was digested by RNase R,
while circ-JA760602 was resistant to RNase R
digestion (Fig. 1D). Moreover, circ-JA760602
degraded by actinomycin D (ActD) was slower
than GAPDHmMRNA (Fig. 1E). Thus, we confirmed
that circ-JA760602 is a bona fide circRNA. To
conclude, circ-JA760602 expression was elevat-
ed in cardiomyocytes upon hypoxia treatment.
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Fig. 2. Circ-JA760602 knockdown suppresses the apoptosis of hypoxia-induced cardiomyocytes. (A) gRT-PCR assay tested the expression of circ-
JA760602 in hypoxia-induced AC16 cells after the transfection of circ-JA760602-specific siRNAs. (B) CCK-8 assay detected viability of hypoxic AC16 cells
upon circ-JA760602 deficiency. (C-E) TUNEL, flow cytometry, and caspase-3 activity assays were applied to evaluate TUNEL positive cell percent (C), cell
apoptosis rate (D), and relative caspase-3 activity (E) in hypoxia-treated AC16 cells after circ-JA760602 knockdown. *P < 0.01.

cytoplasm of hypoxia-induced AC16 cells. Next, we detected
the expression of apoptosis-related genes in circ-JA760602-
silenced cells using qRT-PCR. As exhibited in Fig. 3C, only BCL2
was significantly upregulated upon circ-JA760602 depletion. To
investigate the interaction between circ-JA760602 and BCL2, we
conducted luciferase reporterassays with pGL3-BCL2-promoteror
pmirGLO-BCL2 3'UTR. As shown in Fig. 3D, the luciferase activity
of pGL3-BCL2-promoter was notably enhanced by circ-JA760602
knockdown. However, the luciferase activity of pmirGLO-BCL2
3'UTRwas almostunchanged after knockdown of circ-JA760602
(Fig. 3E). These dataindicated that circ-JA760602 regulated BCL2
transcription. To investigate the specific regulatory mechanism,
we searched on UCSC (http://www.genome.ucsc.edu) for the
potential transcription factor of BCL2. Among the predicted
transcription factors, E2F1 (Ma et al., 2021), MYC (Yu et al.,
2018), YY1 (Bhaskar Rao et al., 2021), EGR1 (Liu et al., 2018),
MAX (Lafita-Navarro et al., 2020), GATA3 (Qi et al., 2021), CTCF
(Pengetal.,2019), SPI1 (Luo and Ge, 2020), FOXA1 (Zhang et al.,
2020), GATA2 (Caoetal.,2022a) have been provento promote the
transcription of genes. For further screening, we knocked down
these transcription factors and then detected the expression of
BCL2. As a result, BCL2 expression was significantly downregu-
lated only when EGR1 or E2F1 expression was knocked down (Fig.
3F). Then, luciferase reporter assay reflected that the luciferase

activity of pGL3-BCL2-promoter was weakened after silencing of
EGR1 or E2F1 (Fig. 3G). ChIP assay further validated the bind-
ing of EGR1 and E2F1 to BCL2 promoter (Fig. 3H). Moreover,
we found that circ-JA760602 inhibited the affinity of EGR1 and
E2F1 to BCL2 promoter (Fig. 3I). Hence, it could be concluded
that circ-JA760602 negatively regulates BCL2 via affecting the
EGR1/E2F1-mediated transcription.

Circ-JA760602 binds with EGR1 and E2F1 in cytoplasm to inhibit
their nuclear translocation

Furthermore, we explored how circ-JA760602 affected the
interaction between EGR1/E2F1 and BCL2 promoter. It was found
fromRIP assaythat circ-JA760602 could bind withEGR1 and E2F1
(Fig.4A). RNA pull-down assay showed that EGR1 and E2F1 could
be pulled down by Bio-circ-JA760602 (Fig. 4B), further confirming
theinteraction between EGR1/E2F1 and circ-JA760602. Then, we
detected the protein levels of EGR1 and E2F1 in cell cytoplasm
and nucleus after circ-JA760602 depletion. As illustrated in Fig.
4C, the nuclear distribution of EGR1 and E2F1 was increased in
circ-JA760602-silenced cells. Moreover, through IF assay, we de-
terminedthatknockdown of circ-JA760602 increased the nuclear
accumulation of EGR1 and E2F1 (Fig. 4D). In sum, circ-JA760602
can bind to EGR1 and E2F1 to inhibit their nuclear translocation,
thus suppressing BCL2 transcription.
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Circ-JA760602 modulates the hypoxia-induced apoptosis of
cardiomyocytes via BCL2

Rescue experiments were conducted to confirm that circ-
JA760602 promoted hypoxia-induced cardiomyocyte apoptosis
through negatively modulating BCL2. The knockdown efficiency of
si1/2/3-BCL2 wasfirstly determined by gqRT-PCR (Fig. 5A). si1-BCL2
was chosen for the subsequent rescue assays due to its highest
knockdown efficiency. CCK-8 assay revealed that the enhanced
viability of hypoxia-induced AC16 cells caused by circ-JA760602
knockdown was reversed by silencing of BCL2 (Fig. 5B). Impor-
tantly, it was proven that the apoptosis of hypoxia-induced AC16
cells suppressed by circ-JA760602 knockdown was rescued by
BCL2 inhibition (Fig. 5 C-E). In summary, circ-JA760602 negatively
modulates BCL2 expressionto promote hypoxia-induced apoptosis
of cardiomyocytes.

Discussion

Hypoxia is the major reason for ischemia, which can result in
AMI (Li et al., 2020a). This study constructed an AMI cell model
by treating AC16 cells with hypoxia. Moreover, this study explored
a novel molecular pathway affecting hypoxia-induced apoptosis
of cardiomyocytes. More and more circRNAs have been regarded
as crucial regulators involved in cardiac disease (Huang et al.,
2019).Forinstance, circRNA MFACR can facilitate hypoxia-induced
cardiomyocyte apoptosis (Wang et al., 2021b). Cai et al., have re-
ported that hypoxia induced the overexpression of circJARID2 to
promote apoptosis of cardiomyocytes (Cai et al., 2021). Here, we
searched on online database GEO and analyzed a dataset to select
AMI-related circRNAs. According to the result, hsa_circ_0089761
(termed as circ-JA760602) was most significantly up-regulated in
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the heart samples of patients with AMI. Therefore, we chose it as
our research object. Circ-JA760602 is a novel circRNA that was
not reported in AMI. To our knowledge, the current study firstly
revealed the role of circ-JA760602 in AMI-induced cardiomyocyte
apoptosis. We also detected its expression in hypoxia-induced
AC16 cells and the results indicated that circ-JA760602 was up-
regulated in AMI cell model. It is well known that circular RNAs are
stable than linear RNAs (Liu and Chen, 2022). Here, we identified
the circular structure of circ-JA760602 in terms of its stability.
We uncovered that circ-JA760602 resisted to RNase R digestion
and ActD degradation. Moreover, results of loss-of-function assay
indicated that circ-JA760602 depletion enhanced the viability but
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decreased apoptosis rate of hypoxia-induced cardiomyocytes.
Therefore, our current studyfirstly revealed the role of circ-JA760602
in modulating the apoptosis of hypoxia-induced cardiomyocytes.
Subsequently, we explored the downstream molecular mecha-
nism of circ-JA760602. We firstly identified the cytoplasmiclocation
of circ-JA760602 in hypoxia-induced AC16 cells. circRNAs can
affect cell apoptosis in various disease models by regulating the
expression of apoptosis-related mRNAs (Chen et al., 2021a; Yang
etal.,2022;Luetal.,2021). Considering the effect of circ-JA760602
on apoptosis, we detected its modulation on the expression of
apoptosis-related mRNAs. The result revealed that circ-JA760602
knockdown led to the downregulation of BCL2, indicating that circ-
JA760602 could negatively regulate BCL2
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thenucleartranslocationof EGR1and E2FT,
leading to the promotion of BCL2 mRNA
transcription. Finally, we performed rescue
assays and verified that BCL2 down-regu-
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Fig. 4. Circ-JA760602 binds with EGR1 and E2F1 to impede their nuclear translocation. (A) RIP
assay detected the enrichment of circ-JA760602 in the immunoprecipitates incubated with anti-EGR1
or anti-E2F1 in hypoxia-induced AC16 cells. (B) RNA pull-down assay measured the enrichment of
EGR1 and E2F1 in the product pulled down by Bio-circ-JA760602 or Bio-NC in hypoxia-induced AC16
cells. (C,D) Subcellular fractionation-western blot and IF assays detected the location of EGR1 and

E2F1 in hypoxic AC16 cells upon circ-JA760602 deficiency. “P < 0.01.

lation abrogated the suppressive impact of
circ-JA760602 knockdown onthe apoptosis
of hypoxia-induced cardiomyocytes.

In summary, this study firstly revealed
that circ-JA760602 was upregulated in a
cellularmodel of AMI. Concomitantly, down-
regulation of circ-JA760602 impeded apop-
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different conditions. P < 0.01.

tosis of hypoxic cardiomyocytes. Mechanistically, circ-JA760602
suppressed BCL2 transcription by binding to EGR1 and E2F1 to
hinder their nuclear translocation. We hope our findings have
contributed to our understanding of the molecular mechanisms
underlying hypoxia-induced cardiomyocyte apoptosis. Lack of in
vivo and clinical data is a limitation of this study. Thus, it is our
aim to establish animal models and eventually perform clinical
research in our future studies.

Materials and methods

Cell culture

Human cardiomyocyte (AC16) was purchased from American
Type Culture Collection (ATCC; Manassas, VA, USA), and was culti-
vated in Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco, Rock-
ford, IL, USA) containing 10% fetal bovine serum (FBS; Gibco) and
1% penicillin-streptomycin (Procell, Wuhan, China). For normoxic
culture, AC16 cells were maintained in a humidified environment at
37°C with 5% C0O2 and 95% air. As described previously (Yan and
Hou, 2021), AC16 cells were cultured in a modular incubator with
5% C02, 1% 02 and 94% N2 for hypoxic injury induction.

Quantitative real-time polymerase chain reaction (QRT-PCR)

Trizol reagent (Invitrogen) was used to treat AC16 cells for
extracting total RNA. Then, extracted RNAs were reversely tran-
scribed into cDNA by using Prime Script™ RT kit (Takara, Dalian,
China). The primers used in this experiment were listed in Table
1. qRT-PCR was conducted on ABI 7500 fast PCR System (Applied
Biosystems, Foster city, CA, USA) with a SYBR green PCR Master
Mix (Applied Biosystems). Relative RNA expression was calculated
based on 2-AACt method. B-actin served as the reference gene
for circRNAs and mRNAs.

Cell transfection

Smallinterfering RNAs (siRNAs)targeting circ-JA760602 or BCL2
were designed and synthesized by Ribobio (Guangzhou, China) for
knockdown of circ-JA760602 or BCL2; meanwhile, non-targeted
siRNA (si-NC) was used as the corresponding negative control
(NC). The constructed plasmids were transfected into AC16 cells
inlogarithmic growth phase using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA). Cells were harvested for further experiments
after 48 h. Sequences for siRNAs used in this experiment was
listed in Table 2.



TABLE 1
PRIMERS USED IN qRT-PCR

Genes Sequences

F: TGAGGGCGTGATCATGAAAGG
R: ACCTGAATCGGAGGACAACC
F: TGTTAGGGACGGATCGGAGA

R: TCCTAGGCGACCCAGACAAT

circ-JA760602 (divergent primers)

circ-JA760602 (convergent primers)

BAX F: ATGGACGGGTCCGGGG
R: TCAGCTGCCACTCGGAAAAA
BAD F: TTCTGAGGGGAGACTGAGGTCC

R: GATCTGGAACATGCTCTGGGC
F: ATAACGGAGGCTGGGTAGGT
R: TTTATTTCGCCGGCTCCACA
BIM F: CTGAAGGCAATCACGGAGGT
R: CACTGGAGGATCGAGACAGC

BCL2

BCL2L2 F: CTGACCCGGCTCCACG
R: AAGCGGGTCTCGAACTCATC
B-actin F: ACAGAGCCTCGCCTTTGCC
R: TGGGGTACTTCAGGGTGAGG
GAPDH F: AAGGTGAAGGTCGGAGTCAA

R: AATGAAGGGGTCATTGATGG
ue F: GCTTCGGCAGCACATATACTAAAAT
R: CGCTTCACGAATTTGCGTGTCAT

Western blot

AC16 cells were lysed by RIPA lysis buffer. Total protein was
collected and then separated by 10-12% SDS-PAGE. Afterward,
proteins were moved to PVDF membranes, and thenthemembranes
were blocked with 5% skim milk. Subsequently, the membranes
were incubated with primary antibodies, including EGR1 (1/1000,
ab300449, Abcam, Cambridge, MA, USA),E2F1(1/1000,ab288369,
Abcam), Histone H3 (1/1000, ab1791, Abcam), GAPDH (1/1000,
ab8245, Abcam) at 4°C overnight. After washing, the secondary
antibody (1/2000, ab7063) were added for another two hours’
incubation. The protein levels were detected using the enhanced
chemiluminescence (ECL). GAPDH was utilized as the internal
reference.

Fluorescence in situ hybridization (FISH) assay

FISH assay was conducted to determine the localization of
circ-JA760602 in AC16 cells. FISH probe specifically targeting
circ-JA760602 were designed and synthesized (probe sequence:
ACCGCTACACATGGCACATG). After AC16 cells were fixed with 4%
paraformaldehyde (PFA), the obtained FISH probes wereincubated
with fixed cells in the hybridization buffer. DAPI was used to stain
cell nuclei. Confocal laser microscopy was applied to capture
fluorescent signals.

Subcellular fractionation assay

Cytoplasmic and Nuclear RNA Purification Kit (Norgenbiotek,
Thorold, ON, Canada) was used for this experiment. After the cell
lysates were centrifuged, cytoplasmic and nuclear parts of AC16
cells were separated. Then, RNA levels of circ-JA760602, B-actin
(cytoplasmic reference) and U6 (nuclear reference) in different
cellular parts were detected through qRT-PCR assay. The protein
levels of EGR1 and E2F1 in cellular parts were examined through
western blot by using Histone H3 as the nuclear reference and
GAPDH as the cytoplasmic reference.
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TABLE 2

SEQUENCES FOR siRNAS USED IN TRANSFECTION

siRNAs

si-NC
si1-circ-JA760602
si2-circ-JA760602
si3-circ-JA760602

Sequences
5-GCAUGUGCCAUAGGCCCAUUU-3’
5-UAACUAAUACUAACAUCUCAG-3’
5-GAUGUUAGUAUUAGUUAGUUU-3’
5-AAUUGAAAACAAAAUACUCAA-3’

si-NC 5-GAGAGAUCCCAGCGCGCAGAA-3’
si1-EGR1 5-UUUUGUCUGCUUUCUUGUCCU-3’
si-NC 5-GGGACUUUGCAGGCAGCGGCG-3’
si1-E2F1 5-UUAAAUGUUUCCAAACAGGCU-3’
si-NC 5-CCUUUCUACGCUGGGCCGGUU-3’
si1-BCL2 5-UUUAUUAGUUCAACUUUCCCG-3’
si2-BCL2 5'UAUUUUUGGCAAAAACAGGUA-3’
si3-BCL2 5-UUAUUUUUGGCAAAAACAGGU-3’

Immunofluorescence (IF) assay

AC16 cells were washed with PBS and fixed with 4% PFA (Sangon
Biotech, Shanghai, China) fixation for 15 min at room temperature.
Then, cells were treated with 0.1% Triton X-100 (Sigma-Aldrich, St.
Louis, MO, USA) for permeabilization. After being washed with PBS,
cells were incubated with Anti-EGR1 (1/100, ab300449, Abcam)
and Anti-E2F1 (1/100,ab288369, Abcam) at 4°C overnight. Subse-
quently, the fluorescent secondary antibody was added for further
incubation. The distribution of target proteins was observed under
a fluorescence microscope.

Cell counting kit-8 (CCK-8) assay

CCK-8 kit was applied to measure viability of AC16 cells. In brief,
cells were seeded in 96-well plates, and 10 pl of CCK-8 reagent
(MedChemExpress, Monmouth Junction, NJ, USA) was added into
eachwellattheindicatedtime points (0,24,48,72h). Eventually,the
value of optical density (OD) was detected at 450 nm wavelength
using a microplate reader (Molecular Devices, Sunnyvale, USA).

Terminal-deoxynucleotidyl transferase mediated nick end label-
ing (TUNEL) assay

AC16 cells were incubated in 24-well plates. Cells were fixed
with 4% PFA and permeabilized with 0.5% Triton X-100. After
that, cells were treated with 50 pl TdT reaction mix (Roche, Basel,
Switzerland). Cell nuclei were counterstained with DAPI (Sigma-
Aldrich). The images of TUNEL positive cells were captured under
a fluorescence microscope.

Flow cytometry analysis

This assay was carried out based on previous description (Li
et al., 2020b). Briefly, transfected AC16 cells were washed with
PBS. Subsequently, Annexin V-FITC and Pl were added to treat the
transfected cells for 15 min in the dark. Cell apoptotic condition
was analyzed using a flow cytometer.

Caspase-3 activity assay

Caspase-3 Activity Assay Kit was used in this assay according to
manufacturer'sinstructions. Thetotal protein wasfirstextracted from
AC16 cells using lysis buffer. Then, protein extracts were incubated
with reaction buffer and caspase-3 substrate. Finally, caspase-3 ac-
tivity was detected at 405 nm wavelength with a microplate reader.
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Luciferase reporter assay

To evaluate the role of circ-JA760602 in the activity of BCL2
3'UTR, the pmirGLO vector containing the sequence of BCL2 3’'UTR
was constructed. Similarly, the pGL3 vector (E1751, Promega, Madi-
son, WI,USA) inserted with the sequence of BCL2 promoterandthe
pmirGLO vector (E1330, Promega) inserted with the sequence of
BCL2 were constructed. The synthesized plasmid (pmirGLO-BCL2
3'UTR or pGL3-BCL2-promoter) was co-transfected with si-NC/
si1-circ-JA760602 into hypoxia-induced AC16 cells. Additionally,
pGL3-BCL2-promoter was also co-transfected with si1-EGR1/si1-
E2F1 using Lipofectamine 2000 (Invitrogen) to detect the influence
of EGR1/E2F1 knockdown on BCL2 transcription. Following 48
hours’ transfection, Luciferase Reporter Gene Assay kit (E1910,
Promega) was used to examine the luciferase activities, and the
Rnilla luciferase activity was used as negative control.

Chromatin immunoprecipitation (ChIP) assay

Thisassaywas conductedto assessthe combinations between
EGR1/E2F1 and BCL2 promoter. The crosslinked chromatin was cut
into fragments (200-1000 bp). Subsequently, primary antibodies,
including Anti-EGR1 (1/200, ab300449, Abcam), Anti-E2F1 (1/200,
Millipore, Bedford, MA, USA), and control Anti-IgG (1/100, Millipore)
were incubated with the obtained cell lysates, respectively. After
magnetic beads were added to precipitate DNA-protein complex,
the purified DNA enriched in the complex was isolated and quanti-
fied through gqRT-PCR.

RNA binding protein immunoprecipitation (RIP)

Cells were lysed by RIP lysis buffer. The obtained cell lysates
were incubated with specific primary antibodies, including Anti-
EGR1(1/100,ab300449, Abcam), Anti-E2F1 (1/100, Millipore), and
control Anti-IgG (1/100, Millipore), and then with magnetic beads
at 4°C overnight. Following purification, the enrichment of RNAs
precipitated with beads was examined through gRT-PCR.

RNA pull-down assay

Biotinylated (Bio)-NC and Bio-circ-Ja760602 were generated in
advance. Lysed AC16 cells were incubated with the synthesized
biotin-labeled probes and streptavidin magnetic beads. After
purification, the proteins pulled down by beads were detected
through western blot.

Statistical analysis

Each experiment was conducted in triplicate. The data were
analyzed using SPSS software, and the results were displayed
in the form of mean * standard deviation (SD). Student’s t-test
was applied to compare statistic difference between two groups.
One-way analysis of variance (ANOVA) was utilized to analyze dif-
ferences among multiple groups. Statistical significance of data
was defined as P value less than 0.05.
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