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Abstract: Myocardium functions as an immune organ, and myocardial ischemia-reperfusion (I/R) is known to initiate 
myocardial innate immune response to induce myocardial injury. However, the mechanisms underlying interferon-β 
(IFN-β)-mediated myocardial injury during I/R and whether long non-coding RNAs (lncRNAs) are involved in IFN-
β-mediated myocardial injury remain unknown. This study identified that I/R significantly induced IFN-β expres-
sion in induced pluripotent stem cell-derived cardiomyocytes, and IFN-β further enhanced I/R-induced myocardial 
apoptosis. Furthermore, it was demonstrated that the lncRNA BRAF-activated non-coding RNA (BANCR) was highly 
expressed in cardiomyocytes, and BANCR-knockdown suppressed signal transducer and activator of transcription 
1 (STAT1) phosphorylation and IFN-β-induced cardiomyocyte apoptosis. Furthermore, it was identified that BANCR 
specifically interacted with STAT1 to promote IFN-β-STAT1 signaling and enhanced the expression of pro-apoptotic 
interferon stimulated genes. Overall, the present study reports that lncRNA BANCR promotes IFN-β-mediated car-
diomyocyte apoptosis following I/R injury by interacting with STAT1, suggesting lncRNA BANCR is involved in IFN-β-
induced cardiomyocyte apoptosis.

Keywords: Long non-coding RNA BRAF-activated non-coding RNA, myocardial infarction, interferon-β, signal trans-
ducer and activator of transcription 1

Introduction

Myocardial ischemia/reperfusion (I/R) is a key 
complication of reperfusion therapy for myo- 
cardial infarction [1]. Myocardial I/R usually tri- 
ggers oxidative stress, energy dysfunction, and 
an inflammatory reaction, eventually leading to 
cardiomyocyte apoptosis [2, 3]. Until now, great 
advances in the investigation of pathophysio-
logic mechanisms of myocardial I/R injury and 
exploration of numerous potential therapeutic 
targets and cardioprotective drugs have been 
achieved [4, 5]. However, the pathologic mech-
anisms of myocardial I/R injury are not com-
pletely clear and need to be explored further. 

Type I interferons (IFNs), including IFN-α and 
IFN-β, serve important roles in immune res- 
ponse against viral and bacterial infections, 
and cancer, whereas excessive type I IFN pro-

duction can cause autoinflammatory diseases 
[6-8]. Excretive type I IFNs bind to cellular sur-
face interferon receptors (IFNRs) to activate 
Janus kinase (JAK)-signal transducer and ac- 
tivator of transcription (STAT) 1/2 signaling to 
amplify immune responses, resulting in induc-
tion of numerous interferon-stimulated genes 
(ISGs) [9]. Recent studies have reported that 
myocardium functions as an immune organ, 
and I/R initiates myocardial innate immune 
responses through Toll-like receptors-NF-κB 
and interferon regulatory factor 3 (IRF-3) sig- 
naling to induce pro-inflammatory and immu- 
nomodulatory cytokine expressions [10-12]. In 
addition, IRF-3 and type I IFNs have been dem-
onstrated to fuel a fatal response to myocar- 
dial infarction [11]. However, to the best of our 
knowledge, the mechanisms underlying type I 
IFN-mediated myocardial infarction during I/R 
are still not completely understood.
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Long non-coding RNAs (lncRNAs), over 200 nu- 
cleotides, with limited or no protein coding 
properties, serve essential roles in various pa- 
thologic and physiologic processes, including 
cell apoptosis, differentiation, and metabolism 
[13-15]. Many studies report that lncRNAs act 
as master regulators in myocardial I/R injury 
and cardiovascular diseases [16, 17]. For ex- 
ample, lncRNA H19 alleviates myocardial I/R 
injury by targeting microRNA (miR)-22-3P [18]. 
lncRNA NEAT1 ameliorates myocardial injury  
by controlling the TLR2/NF-κB signaling path-
way [19]. lncRNA-ROR aggravates myocardial 
I/R injury [20]. lncRNA BRAF-activated non- 
coding RNA (BANCR) facilitates vascular sm- 
ooth muscle cell proliferation and migration 
during the development of numerous cardio-
vascular diseases [21]. However, whether ln- 
cRNAs are involved in type I IFN-mediated my- 
ocardial injury during I/R is still unclear.

The present study used human induced plurip-
otent stem cell-derived cardiomyocytes (iPS), 
which are widely used to explore the pharma-
cology and toxic effects of drugs on heart cells 
[22], and are widely used for investigating car-
diac regenerative therapy [23], treated with ox- 
ygen and glucose deprivation followed by re- 
perfusion (OGD/R) to mimic myocardial I/R in- 
jury in vitro. The results demonstrated that I/R 
significantly induced IFN-β expression in car-
diomyocytes, and IFN-β further strengthened 
I/R-induced cardiomyocyte apoptosis. Further- 
more, lncRNA BANCR was highly expressed in 
cardiomyocytes, and BANCR-knockdown sup-
pressed STAT1 phosphorylation and IFN-β-in- 
duced cardiomyocyte apoptosis. Furthermore, 
it was identified that BANCR promoted IFN-β-
STAT1 signaling and enhanced pro-apoptotic 
ISG expression through interacting with STAT1, 
suggesting lncRNA BANCR is involved in IFN-β-
induced cardiomyocyte apoptosis.

Materials and methods

Cell culture and OGD/R model

iPS cell-derived cardiomyocytes were purchas- 
ed from Takara Bio, Inc. (catalog no Y50015; 
MiraCellTM Cardiomyocytes). Cells were main-
tained in MiraCell CM culture medium (TAK- 
ARA, Japan) at 37°C with 5% CO2. To stimula- 
te I/R, cardiomyocytes were kept in a hypoxic 
chamber containing 5% CO2 and 95% N2 for 12 

h at 37°C with serum- and glucose-deficient 
DMEM (Gibco, Carlsbad, CA, USA), and reoxy- 
genated for the indicated times under normal 
conditions (5% CO2) with DMEM containing 
10% FBS (Gibco, USA).

TUNEL assay

iPS cell-derived cardiomyocytes cultured in 96- 
well plates were stimulated with OGD/R or sti- 
mulated with recombinant human IFN-β protein 
(1,000 IU/ml, R&D Systems, Inc.), or pretreat- 
ed with anti-IFN α/β receptor 1 antibody (anti-
IFNAR1; Abcam, USA) for 2 h and then stimu-
lated with OGD/R or IFN-β protein for the indi-
cated durations. Cellular apoptosis was detec- 
ted using a TUNEL Apoptosis Detection kit (Va- 
zyme Biotech Co., Ltd.), according to the manu-
facturer’s instructions.

Enzyme-linked immunosorbent assay (ELISA)

iPS cell-derived cardiomyocytes cultured in 96- 
well plates were treated with OGD/R for the 
indicated durations. Secreted IFN-β expressi- 
ons in cell culture supernatants were deter-
mined using a Mouse IFN-β ELISA kit (Abcam), 
according to the manufacturer’s instructions.

Reagents, small interfering RNA (siRNA) and 
adeno-associated viral vector

The sequences of siRNA against BANCR (si-
BANCR) were as follows: 5’-AGUUUCAACAUG- 
AUGUUUCUG-3’ and 5’-GAAACAUCAUGUUGAA- 
ACUCU-3’. Control siRNA (siNC) had the follow-
ing sequences: 5’-UUCUCCGAACGUGUCACGU- 
TT-3’ and 5’-ACGUGACACGUUCGGAGAATT-3’. 
siRNAs were synthetized by Shanghai Gene- 
Pharma Co., Ltd. siRNAs or plasmids were tr- 
ansfected into cardiomyocytes cells for 24 h 
using Exfect Transfection Reagent. Recombi- 
nant adeno-associated BANCR overexpressi- 
on viral vector (AAV-BANCR) or control adeno-
associated viral vector (AAV-NC) were provided 
by Shanghai GenePharma Co., Ltd. A specific 
STAT1 activation inhibitor, fludarabine, was pur-
chased from TargetMol and used at a concen-
tration of 50 μM. 

LncRNA-sequencing (LncRNA-seq)

iPS cell-derived cardiomyocytes were stimu- 
lated with recombinant human IFN-β protein 
(1,000 IU/ml, R&D Systems, Inc) or not for 6 h, 
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and then total RNA was extracted. Sequencing 
was performed with the Illumina HiSeq 2500 
(Guangzhou RiboBio Co., Ltd.). RNA-seq data 
were aligned to the Ensembl v73 transcript 
annotations using bowtie and RSEM, as previ-
ously described [24].

Reverse transcription-quantitative PCR (RT-
qPCR)

Total RNA was extracted from each sample, 
and then reverse-transcribed into cDNA using 
the PrimeScript RT reagent kit (Takara). qPCR 
was performed with AceQ qPCR SYBR Green 
Master mix using the 7500 real-time PCR sys-
tem (Applied Biosystems) [25]. The qPCR prim-
ers were as follows: AK03516 forward, 5’- 
TACCCGAGACTTACCGATGCACT-3’ and reverse, 
5’-CCAGTCACTCTTGCCTACCAT-3’; GASL1 for-
ward, 5’-CATGTTCCAATATGATTCCACC-3’ and re- 
verse, 5’-GATGGGATTTCCATTGATGAC-3’; MAL- 
AT1 forward, 5’-AGAGGGAAGAGCAAATGTGTCA- 
3’ and reverse, 5’-CTGTGTTTCCTTGTCCGACCT- 
3’; BANCR forward, 5’-ACAGGACTCCATGGCAA- 
ACG-3’ and reverse, 5’-ATGAAGAAAGCCTGGTG- 
CAGT-3’; SAP30L-AS1 forward, 5’-ATCTCGGCT- 
CACCGCAACCT-3’ and reverse, 5’-AATGACCCA- 
AATGCACGTCCT-3’; OIP5-AS1 forward, 5’-GGT- 
CGTGAAACACCGTCG-3’ and reverse, 5’-GTGG- 
GGCATCCAGGGT-3’; CTB-171A8.1 forward, 5’- 
TGAAGTCCACCTGGAGACCT-3’ and reverse, 5’- 
CACACGTGGATGGGAGCAGC-3’; SNHG1 forwa- 
rd, 5’-AGGCTGAAGTTACAGGTC-3’ and reverse, 
5’-TTGGCTCCCAGTGTCTTA-3’; MEG3 forward, 
5’-CGCTCACAAAGGCACGTGGG-3’ and reverse, 
5’-CCAGGTGATGGCTTCCGCCC-3’; TUG1 forwa- 
rd, 5’-CTGAAGAAAGGCAACATC-3’ and reverse, 
5’-GTAGGCTACTACAGGATTTG-3’; CD95 forward, 
5’-TCTGGTTCTTACGTCTGTTGC-3’ and reverse, 
5’-CTGTGCAGTCCCTAGCTTTCC-3’; TNF-α for-
ward, 5’-GAGGCCAAGCCCTGGTATG-3’ and re- 
verse, 5’-CGGGCCGATTGATCTCAGC-3’; NOS2 
forward, 5’-TCATCCGCTATGCTGGCTAC-3’ and 
reverse, 5’-CCCGAAACCACTCGTATTTGG-3’; GA- 
PDH forward, 5’-TCAACAGCAACTCCCACTCTT- 
CCA-3’ and reverse, 5’-ACCCTGTTGCTGTAGC- 
CGTATTCA-3’; and U6 forward, 5’-CTCGCTTC- 
GGCAGCACATATACT-3’ and reverse, 5’-ACGCT- 
TCACGAATTTGCGTGTC-3’. The obtained data 
were normalized to GAPDH or U6 expression 
levels in each sample.

Cellular fractionation and western blotting

iPS cell-derived cardiomyocytes were trans- 
fected with si-BANCR or si-NC, or infected with 

AAV-BANCR or AAV-NC (MOI=5) for 24 h, and 
then treated with recombinant human IFN-β 
protein (1,000 IU/ml) or not for the indicated 
time. The nuclear fraction of cells was extract-
ed using a nuclear and cytoplasmic protein 
extraction kit (Beyotime), and then was sub- 
jected to SDS-PAGE and immunoblotting, as 
previously described [25]. Primary antibodies, 
including rabbit-anti-STAT1 (Cell Signaling Te- 
chnology), rabbit-anti-phosphorylated (p)-STA- 
T1 (Cell Signaling Technology), rabbit-anti-ST- 
AT2 (Cell Signaling Technology), rabbit-anti-p-
STAT3 (Cell Signaling Technology), rabbit-anti-
GAPDH (Abcam), and rabbit anti-Lamin B1 anti-
body (Abcam) were used in this study.

RNA pull-down and mass spectrometry

RNA pull-down assays were performed as pre- 
viously described [26]. Briefly, a biotin-labeled 
lncRNA-BANCR probe and antisense BANCR 
probe (as a control) were transcribed in vitro 
with the Biotin RNA Labeling mix (Roche Dia- 
gnostics, Inc.) using mMESSAGE mMACHINE  
kit (Ambion; Thermo Fisher Scientific, Inc.). Bi- 
otinylated RNAs were treated with RNase-free 
DNase I and then purified. Samples were incu-
bated at room temperature for 15 min to im- 
mobilize RNA on the streptavidin dynabeads, 
then supernatant was removed and beads we- 
re washed with wash buffer. Nuclear lysates 
were added to beads with immobilized RNA, 
and then incubated on a turning wheel over-
night at 4°C. Beads were washed five times  
and boiled in SDS buffer. lncRNA-BANCR in- 
teracting proteins were analyzed by SDS-PAGE 
and the gel was then stained with the Fast 
Silver Stain kit (Beyotime Institute of Biotech- 
nology). Proteins were identified by reverse-ph- 
ase liquid chromatography coupled with tan-
dem mass spectrometry (ACQUITYTM UPLC- 
QTOF).

RNA-binding protein immunoprecipitation (RIP)

RIP was performed using Magna RIP kit (EMD 
Millipore), as previously described [25]. Briefly, 
cells were treated with IFN-β protein, lysed with 
RIP lysis buffer, then incubated with antibodies 
against STAT1 for 24 h. After immobilizing mag-
netic bead-bound complexes with a magnetic 
separator (EMD Millipore), the supernatant was 
used to extract RNAs with PCA (phenol: chlo- 
roform: isoamyl alcohol) reagent at a ratio of 
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125:24:1, and then reverse-transcribed into 
cDNA. Finally, qPCR was performed.

Statistical analysis

The data are presented as mean ± standard 
error of the mean, and all statistical analyses 
were performed using GraphPad Prism 5 (Gr- 
aphPad Software, Inc). The differences betwe- 
en two groups were analyzed using unpaired 
Student’s t-test. P<0.05 was considered a sig-
nificant difference.

Results 

IFN-β, which is induced by I/R in cardiomyo-
cytes, strengthens I/R-induced myocardial 
injury

To investigate whether IFN-β is involved in I/R-
induced myocardial injury, OGD/R induced iPS 
cell-derived cardiomyocytes were used to con-
struct a myocardial I/R injury model in vitro. As 
presented in Figure 1A and 1B, apoptotic car-
diomyocytes progressively increased during the 
process of I/R injury, and I/R injury significantly 
induced IFN-β expression in cardiomyocytes, 
which was consistent with previous studies, in 
which the myocardium was shown to act as an 
immune organ to trigger innate immune res- 
ponse [10, 11]. Furthermore, the present study 
explored whether IFN-β induced by cardiomyo-
cyte I/R is related to I/R-triggered myocardial 
apoptosis. The results demonstrated that pre-
treatment with anti-IFNAR1 antibody, which pr- 
events excretive type I IFNs binding to cellu- 
lar surface IFNRs of cardiomyocytes to activa- 
te JAK-STAT1/2 signaling, significantly suppre- 
ssed I/R-triggered myocardial apoptosis (Figu- 
re 1C). In addition, IFN-β treatment could not 
only induce myocardial apoptosis (Figure 1D), 
but also further strengthened I/R-induced myo-
cardial apoptosis (Figure 1E). Consistently, pre-
treatment with anti-IFNAR1 antibody could also 
significantly suppress IFN-β-triggered myocar-
dial apoptosis (Figure 1F), suggesting that IFN- 
β is involved in I/R-induced myocardial injury. 
Overall, these results suggest that IFN-β str- 
engthens I/R-induced myocardial injury.

LncRNA BANCR is involved in IFN-β-induced 
cardiomyocyte apoptosis

Subsequently, to investigate whether lncRNAs 
are involved in IFN-β-induced cardiomyocyte 

apoptosis, RNA-seq analysis was performed 
with normal cardiomyocytes and IFN-β-treated 
cardiomyocytes. The results revealed that 116 
lncRNAs in IFN-β-treated cardiomyocytes were 
upregulated, and 57 lncRNAs were downregu-
lated compared with normal cardiomyocytes 
(Figure 2A). In addition, these differentially ex- 
pressed lncRNAs were mainly divided into four 
subgroups: lncRNAs (51.27%), anti-sense lnc- 
RNAs (3.78%), intronic lncRNAs (34.19%) and 
sense lncRNAs (10.76%) (Figure 2B). Subse- 
quently, the basal expression levels of the ten 
most upregulated lncRNAs in normal cardiomy-
ocytes were measured. As presented in Figure 
2C, lncRNA-AK03516, MALAT1, SAP30L-AS1, 
OIP5-AS1 and BANCR were found to be high- 
ly expressed in normal cardiomyocytes, while 
GASL1, CTB-171A8.1, SNHG1, MEG3 and TU- 
G1 were expressed at relatively lower levels. 
Given that lncRNA BANCR has been reported  
to be induced by IFN-γ in retinal pigment epi- 
thelial cells, and promotes apoptosis of retinal 
pigment epithelial cells [27, 28], the present 
study selected BANCR for further investigation. 
Subsequently, BANCR expression levels were 
detected in different types of cells, and it was 
identified that BANCR is highly expressed in 
cardiomyocytes and macrophages, and expre- 
ssed at relatively lower levels in endothelial 
cells, CD4+ T cells, and fibroblasts (Figure 2D). 
Furthermore, IFN-β stimulation significantly in- 
creased BANCR expression in cardiomyocytes 
and macrophages, but not in endothelial cells, 
CD4+ T cells, and fibroblasts (Figure 2E), sug-
gesting BANCR may participate in regulating 
immune responses.

Subsequently, it was investigated whether lnc- 
RNA BANCR was related to IFN-β-induced car-
diomyocyte apoptosis. As shown in Figure 2F 
and 2G, BANCR-knockdown by transfection 
with specific siRNA evidently suppressed IFN-β-
induced cardiomyocyte apoptosis. In addition, 
pretreatment with anti-IFNAR1 antibody signifi-
cantly suppressed IFN-β-triggered myocardial 
apoptosis, whereas BANCR-knockdown did not 
further augment the effects of anti-IFNAR1 an- 
tibody on IFN-β-triggered myocardial apoptosis 
(Figure 2H), suggesting BANCR may act down-
stream of IFN-IFNAR1 signaling to promote IFN-
β-induced myocardial apoptosis. Taken toge- 
ther, these results suggest that lncRNA BAN- 
CR is involved in IFN-β-induced cardiomyocyte 
apoptosis.
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Figure 1. IFN-β, which is induced by I/R in cardiomyocytes, increases I/R-induced myocardial injury. iPS cell-originated cardiomyocytes were treated with oxygen and 
glucose deprivation for 12 h followed by reperfusion for 4, 8 or 12 h to mimic I/R injury, and then cellular apoptosis was detected by (A) TUNEL assay and (B) IFN-β 
expression in the culture supernatants was detected by ELISA. Normal cardiomyocytes were used as CON (B). (C) Cardiomyocytes were pretreated with anti-IFNAR1 
antibody or not for 2 h, and then treated with I/R for the indicated times. Cellular apoptosis was detected by TUNEL assay. Scale bar, 40 μM. (D) Cardiomyocytes 
were treated with IFN-β or PBS for the indicated times, and then cellular apoptosis was detected by TUNEL assay. Scale bar, 40 μM. (E) Cardiomyocytes were treated 
with IFN-β and I/R for the indicated times, and then cellular apoptosis was detected by TUNEL assay. Scale bar, 40 μM. (F) Cardiomyocytes were treated with anti-
IFNAR1 antibody, control IgG (Ab), IFN-β, or anti-IFNAR1 antibody and IFN-β for 12 h, and then cellular apoptosis was detected by TUNEL assay. Scale bar, 40 μM. 
Data are presented as mean ± SD (n=3). *P<0.05. IFN, interferon; I/R, ischemia-reperfusion; CON, control; IFNAR1, IFN α/β receptor 1 antibody; ELISA, enzyme-
linked immunosorbent assay.
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Figure 2. LncRNA BANCR is involved in IFN-β-induced cardiomyocyte apoptosis. A. Heat map of lncRNAs in cardio-
myocytes treated with IFN-β for 12 h or not. B. Pie chart showing the percentage distribution of different subgroups 
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LncRNA BANCR-induced promotional effect 
on IFN-β-induced cardiomyocyte apoptosis 
depends on STAT1

Subsequently, we examined the effects of ln- 
cRNA BANCR on downstream of the IFN-IFNAR1 
signaling in cardiomyocytes. As presented in 
Figure 3A, IFN-β treatment significantly induc- 
ed the phosphorylation of STAT1 and STAT2, 
whereas BANCR-knockdown evidently inhibit- 
ed IFN-β-induced phosphorylation of STAT1, 
but not STAT2. Furthermore, BANCR-knockdo- 
wn significantly inhibited IFN-β-induced pro-ap- 
optotic ISG expression, including CD95, TNF-α 
and NOS2 in cardiomyocytes (Figure 3B). Con- 
sistently, BANCR-overexpression mediated by 
AAV infection significantly enhanced IFN-β-in- 
duced STAT1 phosphorylation and promoted 
CD95, TNF-α, and NOS2 expression levels 
(Figure 3C-E). Furthermore, BANCR-overexpre- 
ssion further augmented IFN-β-induced car- 
diomyocyte apoptosis (Figure 3F). Additionally, 
it was investigated whether the lncRNA BAN- 
CR-induced promotion of IFN-β-induced cardio-
myocyte apoptosis was associated with STAT1. 
The results demonstrated that transfection 
with siRNA against BANCR or treatment with a 
specific inhibitor of STAT1, fludarabine, signifi-
cantly suppressed IFN-β-induced cardiomyo-
cyte apoptosis. Overall, these results indica- 
te that the lncRNA BANCR-induced promotion 
of IFN-β-induced cardiomyocyte apoptosis de- 
pends on STAT1.

LncRNA BANCR promotes IFN-β-induced car-
diomyocyte apoptosis by interacting with STAT1

To further investigate the underlying molecu- 
lar mechanisms of the lncRNA BANCR-induc- 
ed promotion of IFN-β-induced cardiomyocyte 
apoptosis, the present study performed RNA 
pull-down with transcribed biotinylated lncRNA 
BANCR in vitro accompanied by mass spec- 
trometry using nuclear extracts of IFN-β-treated 

cardiomyocytes to identify the lncRNA BANCR-
interacting proteins in cardiomyocytes (Figure 
4A and 4B). Among the identified BANCR-in- 
teracting proteins in cardiomyocytes (Figure 
4C), the current study focused on STAT1, due  
to the fact that BANCR-overexpression signifi-
cantly enhanced IFN-β-induced STAT1 phos-
phorylation in cardiomyocytes (Figure 3D). Fur- 
thermore, RIP analysis demonstrated that ST- 
AT1 indeed interacted with BANCR in cardio-
myocytes (Figure 4D). In addition, RNA pull-
down analysis also demonstrated that BANCR 
interacted with STAT1 in cardiomyocytes (Fi- 
gure 4E). Moreover, IFN-β treatment promot- 
ed the interaction of STAT1 with BANCR in car-
diomyocytes (Figure 4F). In addition, BANCR-
overexpression significantly promoted IFN-β-in- 
duced nuclear location of STAT1 (Figure 4G). 
Overall, these results indicate that BANCR pro-
motes IFN-β-induced cardiomyocyte apoptosis 
by interacting with STAT1.

Discussion 

I/R-induced cardiomyocyte apoptosis contrib-
utes to heart failure, rupture or dysfunction fol-
lowing the occurrence of acute myocardial in- 
farction [29]. Recent studies have reported th- 
at the myocardium functions as an immune 
organ, and I/R initiates myocardial innate im- 
mune responses, which fuels a fatal response 
to myocardial infarction [10-12]. Due to the 
high basal expression of IFN-β in cardiomyo-
cytes, it was hypothesized that basal secreted 
IFN-β participates in I/R-induced cardiomyo-
cyte apoptosis. Our confirmed this hypothesis 
and found that I/R significantly induces IFN-β 
expression in iPS cell-derived cardiomyocytes, 
and IFN-β further strengthens I/R-induced my- 
ocardial apoptosis. Subsequently, the current 
study further investigated the role of lncRNAs 
during IFN-β-induced cardiomyocyte apoptos- 
is and found that lncRNA BANCR promotes  

of lncRNAs. C. Relative expression levels of the indicated lncRNAs in cardiomyocytes were detected by RT-qPCR. D. 
Relative expression levels of lncRNA BANCR in the indicated cells were detected by RT-qPCR. E. Cells were treated 
with IFN-β for the indicated times, and then relative expression levels of lncRNA BANCR were detected by RT-qPCR. 
F. Cardiomyocytes were transfected with si-BANCR or control siRNA for 24 h, and then relative expression levels of 
lncRNA BANCR were detected by RT-qPCR. G. Cardiomyocytes were transfected with si-BANCR or control siRNA for 
24 h, and then treated with IFN-β for 12 h. Cellular apoptosis was detected by TUNEL assay. Scale bar, 40 μM. H. 
Cardiomyocytes were transfected with si-BANCR or control siRNA for 24 h, treated with anti-IFNAR1 antibody or con-
trol IgG (Ab) for 2 h, and then treated with IFN-β for 12 h. Cellular apoptosis was detected by TUNEL assay. Scale bar, 
40 μM. Data are presented as means ± SD (n=3). *P<0.05. NC, negative control; RT-qPCR, reverse transcription-
quantitative PCR; lncRNA, long non-coding RNA; BANCR, BRAF-activated non-coding RNA; IFN, interferon; si, small 
interfering; IFNAR1, IFN α/β receptor 1 antibody.
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Figure 3. lncRNA BANCR-induced promotion of IFN-β-induced cardiomyocyte apoptosis depends on STAT1. A. Car-
diomyocytes were transfected with si-BANCR or control siRNA for 24 h, and then treated with IFN-β or not for 1 
h. p-STAT1, STAT1, p-STAT2, STAT2 and GAPDH protein expression levels were detected using western blotting. B. 
Cardiomyocytes were transfected with si-BANCR or control siRNA for 24 h, and then treated with IFN-β or not for 12 
h. Relative mRNA expression levels of CD95, TNF-α and NOS2 were detected by RT-qPCR. C. Cardiomyocytes were 
infected with AAV-NC or AAV-BANCR for 24 h, and then relative mRNA expression levels of BANCR were detected by 
RT-qPCR. Cardiomyocytes were infected with AAV-NC or AAV-BANCR for 24 h, and then treated with IFN-β for 1 h or 
12 h. D. p-STAT1, STAT1, p-STAT2, STAT2 and GAPDH protein expression levels were detected using western blotting. 
E. Relative mRNA expression levels of CD95, TNF-α, and NOS2 were detected by RT-qPCR. F. Cellular apoptosis was 
detected by TUNEL assay. Scale bar, 40 μM. G. Cardiomyocytes were infected with AAV-BANCR for 24 h, transfected 
with si-BANCR or control siRNA for 24 h, and then treated with IFN-β or not for 12 h. Cellular apoptosis was detected 
by TUNEL assay. Scale bar, 40 μM. H. Cardiomyocytes were infected with AAV-BANCR for 24 h, treated with the 
STAT1 activation inhibitor, fludarabine, for 2 h, and then treated with IFN-β or not for 12 h. Cellular apoptosis was 
detected by TUNEL assay. Scale bar, 40 μM. Data are presented as means ± SD (n=3). *P<0.05. RT-qPCR, reverse 
transcription-quantitative PCR; lncRNA, long non-coding RNA; BANCR, BRAF-activated non-coding RNA; IFN, inter-
feron; si, small interfering; p-, phosphorylated; STAT, signal transducer and activator of transcription.
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Figure 4. lncRNA BANCR promotes IFN-β-induced cardiomyocyte apoptosis by interacting with STAT1. A. BANCR abundance was examined in cellular extracts from 
cardiomyocytes with biotin-labeled BANCR-pull-down by RT-qPCR. Anti-sense BANCR or SA dynabeads was used as the control. B. A diagram for RNA pull-down 
accompanied by mass spectrometry. C. The top 20 proteins that may interact with BANCR in cardiomyocytes were identified by mass spectrometry. D. The interaction 
between STAT1 and BANCR was detected by RIP. E. The interaction between BANCR and STAT1 was detected by RNA pull-down. F. The interaction between STAT1 
and BANCR in IFN-β treated-cardiomyocytes was detected by RIP. G. Cardiomyocytes were infected with AAV-BANCR for 24 h, and then treated with IFN-β or not for 
1 h. STAT1 expression in the cytoplasm or nucleus was detected by western blotting. Data are presented as means ± SD (n=3). *P<0.05. SA, streptavidin; RT-qPCR, 
reverse transcription-quantitative PCR; lncRNA, long non-coding RNA; BANCR, BRAF-activated non-coding RNA; IFN, interferon; RIP, RNA-binding protein immunopre-
cipitation; STAT, signal transducer and activator of transcription.
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IFN-β-induced cardiomyocyte apoptosis after 
I/R injury by interacting with STAT1. 

There are also some limitations of the present 
study. First, the study mainly focused on IFN-β-
induced cardiomyocyte apoptosis, which may 
be a partial underlying mechanism for causing 
cardiomyocyte apoptosis following myocardial 
I/R. However, high basal IFN-β expression in 
cardiomyocytes indeed aggravates I/R-induced 
cardiomyocyte apoptosis. Due to the complexi-
ty of the cellular composition in the heart, there 
are also some macrophages and fibroblasts, 
and little lymphocytes in heart tissues [30-32]. 
A previous study demonstrated that I/R-in- 
duced cardiomyocyte-derived nucleic acid ma- 
terials elicit IFN-related inflammation of mac- 
rophages, which promotes ventricular dilation 
and aggravates cardiac function in vivo [11]. 
The present study only investigated the role of 
cardiomyocyte-derived IFN-β. When acute myo-
cardial infarction occurs, IFN-β expression may 
arise more sharply and could be secreted not 
only by cardiomyocytes but also by macroph- 
ages, fibroblasts, lymphocytes, or other cell ty- 
pes. Therefore, it can be speculated that IFN-β-
induced cardiomyocyte apoptosis may be mo- 
re prominent in an animal model of myocardial 
I/R. Regarding the mechanism, lncRNA BANCR 
interacts with STAT1 to promote STAT1 phos-
phorylation, resulting in enhanced pro-apoptot-
ic ISG production. Moreover, anti-inflammatory 
interleukin-10 (IL-10) is also induced by JAK/
STAT signaling, and negatively regulates expr- 
essions of TH1 cytokines and MHC class II an- 
tigens on macrophages [33], Whether BANCR 
also influences interleukin-10 expression th- 
rough JAK/STAT1 signaling needs to be explor- 
ed in the following studies. In addition, other 
functions of BANCR during cardiomyocyte ap- 
optosis remain unknown. Focusing on the ch- 
anges of lncRNA alone during IFN-β-induced 
STAT1 phosphorylation may be a limitation of 
the present study, as there are also other fac-
tors involved, such as tyrosine kinase 2, sup-
pressor of cytokine signaling 1/3, and heat 
shock protein 90 [34-36]. Determining the pro-
tein interactions of STAT1 during cardiomyocy- 
te apoptosis may also be important for the 
development of therapeutic targets.

In addition to STAT1, some other proteins that 
potentially interact with lncRNA BANCR in car-
diomyocytes were identified by MS, such as 

mitochondrial adenylate kinase 2 (AK2) and 
homeobox B9. Energy dysfunction is closely 
associated with heart failure, and AK2 catalyz-
es the reversible reaction of 2ADP (GDP) ↔ ATP 
(GTP) + AMP, to effect cellular energy homeo-
stasis [37]. With an apoptotic stimulus, AK2 
translocates from mitochondria into the cyto-
sol, and then induces apoptosis by formation  
of an AK2-FADD-caspase-10 complex [38]. Fur- 
thermore, AK2 is a regulator of cardiogenesis 
and heart tissue regeneration [39]. Whether 
AK2 is involved in LncRNA BANCR regulating 
IFN-β induced cardiomyocyte apoptosis needs 
to be explored in the following studies.

In conclusion, our study reports for the first 
time that LncRNA BANCR expression promotes 
IFN-β-mediated cardiomyocyte apoptosis after 
ischemia-reperfusion injury by interacting with 
STAT1.
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