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Abstract
Myocardial ischemia-reperfusion injury (MIRI) is one of the main causes of high mortality of
cardiovascular diseases (CVD). Long non-coding RNAs (lncRNAs), as a new type of gene expression
regulators, play a key role in multiple processes of CVD. In this study, myocardial apoptosis was found to
be increased in both MIRI heart and hydrogen peroxide (H2O2) treated myocardial cells. Meanwhile, the
level of lncRNA-AK138945 was reduced. At the molecular level, knockdown of lncRNA-AK138945
increased the expression of pro-apoptosis proteins and decreased the expression of anti-apoptosis
protein. Mechanically, miR-1a-3p was verified as the target of lncRNA-AK138945, which has been
previously confirmed as a target regulator of endoplasmic reticulum stress-related protein GRP94. In
addition, knockdown of lncRNA-AK138945 markedly inhibited the expression of GRP94, which further
aggravated the apoptosis of cardiomyocytes. Notably, FOXO3 was identified as a transcriptional
regulator of lncRNA-AK138945, and overexpression of FOXO3 could promote the expression of lncRNAAK138945. In conclusion, lncRNA-AK138945 participated in the regulation of MIRI via the miR-1-GRP94
signaling pathway.

Introduction
Myocardial ischemia-reperfusion injury (MIRI) is one of the main causes of human death worldwide.
Once MIRI occurs, it could not only cause myocardial stunning and reperfusion arrhythmia, but also
cause irreversible myocardial cell damage, eventually leading to cardiac dysfunction in patients [1–3].
However, there is no effective treatment for MIRI in clinical practice, and the pathogenesis of MIRI is still
unclear. Therefore, it is of great significance to explore the pathogenesis of MIRI and provide new
treatment strategies for MIRI.
Long non-coding RNAs (lncRNAs) regulate gene expression at the epigenetic, transcription, and posttranscriptional translation levels [4]. They regulate the pathological process of myocardial fibrosis,
myocardial infarction, cardiac hypertrophy, heart failure and other major cardiovascular diseases by
interacting with mRNA, DNA, proteins and microRNAs (miRNAs) [5–7]. Emerging evidences show that
lncRNAs and microRNAs are coordinately involved in the regulation of molecules associated with
cardiomyocyte apoptosis. LncRNA MIRF contributed to cardiomyocyte apoptosis by modulating miR-26a,
and then promoted the expression of pro-apoptotic protein Bak1 [8]. LncRNA-AK138945 was significantly
dysregulated in a mouse model of cardiac hypertrophy [9]. Considering that the potential mechanism of
lncRNA-AK138945 in MIRI is currently unknown. In this study, we explored the effects of lncRNAAK138945 on miRNA and apoptosis of cardiomyocytes, as well as its targeting of miRNA and
downstream targets.
Myocardial ischemia-reperfusion injury could cause changes in endoplasmic reticulum (ER) function,
leading to accumulation of unfolded/misfolded proteins, and ultimately induce endoplasmic reticulum
stress (ERS). Excessive ERS is one of the important factors causing the apoptosis of cardiomyocytes.
GRP94 is a key regulator in the process of endoplasmic reticulum stress, which can degrade misfolded or
Page 3/19

unfolded proteins to maintain the stability of the endoplasmic reticulum environment [10]. Previously, we
have confirmed that miR-1a-3p could inhibit the expression of GRP94 via targeting to the 3’UTR of
GRP94, thereby activating ERS to cause cardiomyocytes apoptosis [11].
In this study, it is clarified that lncRNA-AK138945 promotes the expression of ERS-related protein GRP94
by targeting miR-1a-3p, and participates in the regulation of miRI-induced apoptosis of cardiomyocytes.
Therefore, supplementing or activating lncRNA-AK138945 may be a potential strategy for the treatment
of the myocardial ischemia-reperfusion injury.

Materials And Methods

Animals
A mouse model of myocardial ischemia-reperfusion injury
C57BL/6 mice from Liaoning Changsheng Biotechnology Co., Ltd., aged between 8 to 10 weeks and
weighing between 22 and 25 g, were selected for animal research. The left anterior descending artery
(LAD) coronary artery of the mouse was occluded for 50 minutes with a 7 − 0 ligature and reperfused for
48 hours. The use of animals has been approved by the Ethics Committee of Harbin Medical University
and complies with the Guidelines for the Care and Use of Laboratory Animals published by the National
Institutes of Health.

Echocardiographic analysis
Mice were injected intraperitoneally with 2,2,2-tribromoethanol (200 mg kg -1; Sigma, St. Louis, Missouri,
USA) for anesthesia, and their chests were depilated. The mice were fixed on the operating table supine,
and a proper amount of coupling agent was applied to the chest. The scanning probe was used to collect
the left ventricular electrocardiogram through the chest wall ultrasound, and at the same time recorded
the M-mode echocardiogram, and calculated the fractional shortening (FS) and ejection fraction (EF).

Cell culture and cell dosing
Following the procedure described in our previous study [12], cardiomyocytes isolated from 1–3 day old
newborn mice (C57BL/6) were treated with hydrogen peroxide (100umol/L, #323381, Sigma-Aldrich, USA
) for 48 hours to simulate MIRI in vitro. On this basis, the cardiomyocytes were treated with GRP94
inhibitor (5umol/L, PU-WS13, #58687, Med Chem Express, USA) for 48 hours.

Construction and transfection of lncRNA siRNA and plasmid
The siRNA of lncRNA-AK138945 (5’-GAAGAGGUAUUGAAUGCUA-3’) was purchased from Ribobio
(Guangzhou, Guangdong Province, China) and transfected into neonatal mice cardiomyocytes (NMC)
according to the manufacturer’s instructions.

CCK8-assay
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Cell counting kit-8 (CCK8, CK04-500T, Dojindo, Japan) was used to measure cell viability under different
conditions. Cardiomyocytes were cultured in 96-well culture clusters (about 1*104 per well), and then the
cells were transfected with lncRNA-AK138945 specific siRNA for 48 hours. The CCK8 reagent (20 µL) and
DMEM (180 µL ) were added to each well and incubated for 1–4 hours. The absorbance was measured at
450 nm using an Infinite m200pro microplate spectrophotometer (Tecan, Salzburg, Austria). Read the
absorbance at 490 nm in a spectrophotometer (BioTek, USA).

TUNEL assay
Terminal deoxynucleotide transferase dUTP nick end labeling (TUNEL) staining was used to evaluate the
apoptosis of cultured cardiomyocytes. Briefly, cardiac myocytes cultured on coverslips in 24-well plates
were fixed in 4% paraformaldehyde. The TUNEL staining was done using the in situ cell death detection
kit (Minneapolis, MN, USA) according to the manufacturer’s protocol. The numbers of TUNEL-positive
cells and the total cells were counted under a confocal microscopy.

Live/Dead cell staining.
The cardiomyocytes were seeded on a cover glass of a 24-well culture plate. Forty-eight hours after
transfection, live and dead cells were detected using the "Live/Dead Viability/Cytotoxicity Assay Kit"
(Invitrogen, Shanghai, China) according to the manufacturer's instructions. A fluorescence microscope
(Olympus, Tokyo, Japan) was used to acquire images.

Western blot
The total protein extracted from NMVC or mouse left ventricular tissue samples was transferred to a
nitrocellulose membrane (Life Science, Überlingen, Germany) using SDS-PAGE (10%-15%). The
membrane was sealed with 5% skimmed milk, and GRP94 (Cat#20292, Cell Signaling Technology),
Caspase9 (Cat#9504, Cell Signaling Technology), Caspase3 (Cat#9662, Cell Signaling Technology), Bcl2
(Cat#3498, Cell Signaling Technology), Bad ( Cat#A19595, ABclonal Technology) and β-actin antibody
purchased from ZSGB-BIO (Beijing, China) were incubated overnight at 4°C. After that, the membrane was
washed with PBST and incubated with a secondary antibody (Alexa Fluor, Molecular Probes, Eugene, OR,
USA) in the dark for 50 minutes. Odyssey v1.2 software (LI-COR Biosciences, Lincoln, NB, USA) was used
to quantify the obtained bands. The results were normalized to the level of β-actin.

Quantitative real-time PCR (qPCR)
Total RNA was isolated from myocardial tissue and neonatal cardiomyocytes using TRIzol reagent
(Invitrogen, Camarillo, CA, USA). The RNA concentration was checked by NanoDrop 8000
spectrophotometer (Thermo Scientific, Wilmington, DE, USA). According to the manufacturer's
instructions, it was reverse transcribed into cDNA using a reverse transcription kit (Dalian, China). The
Thermocycler ABI 7500 fast real-time PCR system (Applied Biosystems, Carlsbad, California, USA) was
used for real-time quantitative PCR. The primer sequence used is shown as below.
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ZFAS1-forward, 5’-AGCGTTTGCTTTGTTCCC-3’, reverse5’-CTCCCTCGATGCCCTTCT-3’; AK138945-forward,
5’-AGCCCAGGAACAAATGCAGAA-3’, reverse, 5’-TCAACGTCACACTTCATGATGGA-3’; CDR1as-forward, 5’TCTGCTCGTCTTCCAACATC-3’, reverse, 5’-AGATCAGCACACTGGAGAC-3’; β-ACTB-forward, 5’ACTGCCGCATCCTCTTCCT-3’; reverse, 5’-TCAACGTCACACTTCATGATGGA-3’; miR-1a-3p-forward, 5’GGCGTGGAATGTAAAGAA-3’, reverse, 5’-CGGCAATTGCACTGGATA-3’, miR-1a-3p-RT, 5’GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACATACATAC-3’; U6-forward, 5’GCTTCGGCAGCACATATACTAAAAT-3’, reverse, 5’-CGCTTCACGAATTTGCGTGTCAT-3’, U6-RT, 5’GCTTCGGCAGCACATATACTAAAAT-3’; FOXO3-forward, 5’-CCGTGAGCAAGCCGTGTACTG-3’, reverse, 5’TATCCAGCAGGTCGTCCATGAGG-3’; GRP94-forward, 5’-ATGAAGGCACAAGCATACCAGACG-3’, reverse5’TCATCTTCCTTAATCCGCCGCAAC-3’.

Dual-luciferase reporter gene assay
The HEK293T was transfected cells with miR-1a-3p (20µmol/L), blank, miR-1a-3p inhibitor, NC or NC
inhibitor and plasmid (0.5µg). Forty-eight hours after transfection, luciferase activity was measured on a
fluorometer (Promega, Madison, Wisconsin, USA) using Dual Luciferase Reporter Assay Kit (Promega,
Madison, Wisconsin, USA).

Data And Statistical Analysis
The experimental data are expressed as mean ± standard error (mean ± SEM). The results of qRT-PCR and
other results were statistically analyzed by one-way analysis of variance between the three groups and ttest between the two groups. GraphPad Prism software was used for chart production. P < 0.05 was used
as the standard for statistically significant differences (*P < 0.05; **P < 0.01; ***P < 0.001).

Results

LncRNA-AK138945 was down-regulated in MIRI hearts and
hydrogen peroxide treated cardiomyocytes
To explore the regulatory mechanism of MIRI, we first established the mouse model of MIRI. Compared
with the Sham group, the ejection fraction (EF) of the MIRI mice was reduced by 23.33 ± 4.75% and the
fractional shortening (FS) was reduced by 15.98 ± 3.86% (Fig. 1a). Moreover, compared with the Sham
group, the expression level of the pro-apoptotic protein Caspase3, Caspase9, Bad were significantly
increased. (Fig. 1b-d). Next, we detected the expression of circRNA-CDR1as, lncRNA-ZFAS1 and lncRNAAK138945. The expression levels of circRNA-CDR1as and lncRNA-ZFAS1 were significantly increased in
the mouse heart tissue of MIRI mice and H2O2 treated cardiomyocytes, while the expression level of
lncRNA-AK138945 was obviously reduced (Fig. 1e-f). The results suggested that the expression level of
lncRNA-AK138945 during myocardial ischemia-reperfusion injury is significantly reduced, and lncRNAAK138945 may have a potential regulatory effect on myocardial ischemia-reperfusion injury.
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Knockdown of lncRNA-AK138945 induces cardiomyocyte
apoptosis
To further explore the effect of lncRNA-AK138945 on MIRI, we constructed the siRNA of lncRNAAK138945 (siAK138945) and verified its knock down efficiency (Fig. 2a). Next, the activity of siAK138945
on primary cultured cardiomyocytes was evaluated. Compared with the control group, the cell activity
was evidently reduced by 29.07 ± 4.60% after knocking down lncRNA-AK138945 (Fig. 2b). To further
explore the effect of lncRNA-AK138945 on the activity of cardiomyocytes, we performed Live/Dead cell
staining. The cell death rate was clearly increased in the siAK138945 treated cardiomyocytes (Fig. 2c).
Furthermore, we applied the TUNEL staining experiment to investigate the effects of lncRNA-AK138945
on cardiomyocyte apoptosis. The results demonstrated that knockdown of lncRNA-AK138945 could
obviously increase the number of TUNEL positive cells (Fig. 2d). The above results indicated that
knockdown of lncRNA-AK138945 could induce cardiomyocyte apoptosis. To further verify this inference,
we detected the effects of lncRNA-AK138945 on the apoptosis-related proteins in cardiomyocytes. After
lncRNA-AK138945 was knockdown, the expression of apoptotic related proteins was significantly
increased, while the expression of anti-apoptotic proteins was significantly decreased (Fig. 3a-d).
Indicating that the low expression of lncRNA-AK138945 was an important cause of myocardial cell
apoptosis, and the decreased expression of lncRNA-AK138945 might induce myocardial ischemiareperfusion injury.

MiR-1a-3p is the direct target of lncRNA-AK138945
We continue to explore in depth how the decrease in the expression of lncRNA-AK138945 induces
myocardial damage, we further analyzed and predicted potential microRNAs that could be regulated by
lncRNA-AK138945 through bioinformatics software (http://bibiserv.techfak.uni-bielefeld.de/rnahybrid).
LncRNA-AK138945 has the potential to interact with miR-1a-3p (Fig. 4a). To confirm the direct interaction
between lncRNA-AK138945 and the 3'UTR of miR-1a-3p, we cloned the wild type and mutant 3'UTR of
miR-1a-3p containing lncRNA-AK138945 binding site into fluorescein enzyme reporter vector. Then, we cotransfected the constructs with miR-1a-3p, blank, miR-1a-3p inhibitor, NC and NC inhibitor into HEK293T
cells, and evaluated the effects of miR-1a-3p on luciferase activity influences. Compared with the NC
group, the luciferase activity of lncRNA-AK138945 in the miR-1a-3p group was significantly reduced by
37.27 ± 1.89%, and the luciferase activity could be restored after mutation of the binding site (Fig. 4b).
Moreover, it was found that the level of miR-1a-3p was significantly increased after knockdown of
lncRNA-AK138945 (Fig. 4c). The above results indicated that miR-1a-3p was one of the direct targets of
lncRNA-AK138945.

Knock down of lncRNA-AK138945 inhibits the expression
of GRP94
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We next sought to identify the underlying key downstream molecules. Our previous study had identified
that miR-1a-3p is a key regulator of MIRI and miR-1a-3p overexpression can induce MIRI by targeting to
GRP94 [11]. And we further explored the regulatory relationship between lncRNA-AK138945 and GRP94.
Knocking down of lncRNA-AK138945 clearly reduced the expression of GRP94 both at mRNA and protein
level compared with the siNC group (Fig. 5a-b). These results may strongly indicate that the lncRNAAK138945-miR-1a-3p-GRP94 regulatory network existed during MIRI.

Inhibition of GRP94 induces myocardial cell injury
GRP94 was a kind of molecular chaperone, which participated in the ER quality control system and
regulated the endoplasmic reticulum stress signaling pathway. After myocardial ischemia-reperfusion, the
levels of GRP94 was significantly increased [13]. To further explore the relationship between GRP94 and
apoptosis during MIRI. PU-WS13, a potent GRP94-specific Hsp90 inhibitor of purine scaffolds [14], was
adopted in our experiments. After PU-WS13 administration, the expression levels of pro-apoptotic proteins
were significantly increased compared with the H2O2 group in cardiomyocytes, while the expression level
of anti-apoptotic protein was significantly decreased (Fig. 6a-d). Thus, GRP94 protects cardiomyocytes
from damage caused by oxidative stress.

The effect of transcription factor FOXO3 on AK138945-miR1-GRP94 signaling pathway
To further explore the upstream mechanism of lncRNA-AK138945 in regulating MIRI, we used the jaspar
database (http://jaspar.genereg.net/) to predict the potential transcription factors of lncRNA-AK138945.
As shown in Table 1, there were 12 potential binding sites between FOXO3 and lncRNA-AK138945, which
indicated that FOXO3 may involve in the regulating of lncRNA-AK138945-miR-1-GRP94 signaling
pathway. And we detected that the expression of FOXO3 was significantly reduced in myocardial
ischemia-reperfusion injury. This result further verified the above findings (Fig. 7a). Subsequently, FOXO3
overexpression plasmid was constructed and its efficiency was verified (Fig. 7b). FOXO3 significantly
increased the expression of lncRNA-AK138945, GRP94, and inhibited the expression of miR-1a-3p
(Fig. 7c-e). This finding suggested that FOXO3 had a regulatory effect on the lncRNA-AK138945-miR-1GRP94 signaling pathway.
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Table 1
Potential FOXO3 binding sites upstream of lnc-AK138945
Model ID

Model
name

Score

Relativescore

Start

End

Strand

Predict edsite
sequence

MA0157.2

FOXO3

8.005

0868524101802238

19

26

1

TTАAАСАА

MA0157.1

FOXO3

6.860

0822566262069477

74

81

-1

TAТAAАТА

MA0157.2

FOXO3

5.205

0.812055220727563

162

169

1

АТАААССА

MA0157.1

FOXO3

10.232

0.935838384983447

170

177

1

ТСТАААСА

MA0157.2

FOXO3

5.058

0.809090604471143

171

178

1

CTAAACAG

MA0157.1

FOXO3

8.279

0.870233267530604

350

357

1

ТАААAАСА

MA0157.1

FOXO3

6.366

0.80597182887864

486

393

-1

GGAAAAGA

MA0157.2

FOXO3

7.457

0.857472335077623

505

512

-1

TTAAАCАT

MA0157.1

FOXO3

8.889

0.890724369243986

516

523

1

ТСААААСА

MA0157.1

FOXO3

8.889

0.890724369243986

608

615

-1

ТСААААСА

MA0157.2

FOXO3

10.201

0.912811838530804

637

644

-1

АТАААСАА

MA0157.1

FOXO3

6.319

0.804393006287609

638

645

-1

ААТАААСА

Conclusion
In summary, we proposed the mechanism by which lncRNA-AK138945 regulates myocardial ischemiareperfusion injury as shown in Fig. 8: MIRI→lncRNA-AK138945↓→miR-1a-3p↑→GRP94↓→cardiomyocyte
aopotosis.

Discussion
Collectively, we made several novel findings in the present study. (1) In the MIRI mouse model the
expression of lncRNA-AK138945 is abnormally down-regulated, accompanied with cardiac contractile
dysfunction. (2) Down-regulation of lncRNA-AK138945 induced cardiomyocyte apoptosis in cardiac
tissue. (3) The luciferase reporter assay verified the interaction between lncRNA-AK138945 and miR-1a3p.(4) Knockdown of lncRNA-AK138945 could cause significant up-regulation of miR-1a-3p and
abnormal down-regulation of GRP94 in cardiomyocytes. (5) GRP94 had a protective effect on
cardiomyocyte damage caused by oxidative stress. Therefore, based on these findings, we concluded
that lncRNA-AK138945 was a kind of lncRNA against MIRI, which could inhibit the apoptosis of
cardiomyocytes caused by endoplasmic reticulum stress.
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In our previous studies, we demonstrated that miR-1a-3p could bind to the 3’UTR of GRP94, while
inhibiting miR-1a-3p could promote the expression of GRP94 and protected cardiomyocytes from H2O2induced damage [11], which shows that GRP94 can protect cardiomyocytes from oxidative stress.
Consistently, in this study, we also confirmed that the administration of GRP94 inhibitors could increase
cardiomyocyte damage caused by oxidative stress. At the same time, our further analysis showed that
knocking down of lncRNA-AK138945 in NMC would increase the expression of miR-1a-3p, thereby
inhibiting the expression of endoplasmic reticulum stress-related protein GRP94 and inducing
cardiomyocyte apoptosis. It has been reported in the literature that FOXO3 deficiency can cause
increased oxidative damage and decreased myocardial function after acute ischemia-reperfusion injury
[15].To explore the reasons for the down-regulation of lncRNA-AK138945 in MIRI, we predicted the
potential regulatory effects between of FOXO3 and lncRNA-AK138945 through software, and confirmed
that the high expression of the transcription factor FOXO3 could promote the expression of lncRNAAK138945 and GRP94, while inhibited the expression of miR-1a-3p.
In brief, our research indicated that lncRNA-AK138945 was a key regulator of MIRI. In addition, lncRNAAK138945 acted on miR-1a-3p through sponge adsorption and targeted the expression of ER stressrelated protein GRP94 to induce myocardial cell apoptosis. Moreover, transcription factor FOXO3AK138945-miR-1a-3p-endoplasmic reticulum stress signaling pathway was activated during MIRI.
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Figure 1
The expression of lncRNA-AK138945 in the mouse model of myocardial ischemia-reperfusion injury. (a)
The myocardial ischemia-reperfusion injury model was successfully established, and the ejection fraction
(EF) and fractional shortening (FS) of MIRI mice were reduced. **P < 0.01 vs. Sham, n=4-6 mice; (b-d) The
expression of apoptotic protein Caspase9, Caspase3 and Bad, in myocardial tissue. *P < 0.05 vs. Sham;
**P < 0.01 vs. Sham, n=3-5; (e) The expression of lncRNA-AK138945 in cardiac tissue of myocardial
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ischemia-reperfusion injury model. *P < 0.05 vs. Sham; **P < 0.01 vs. Sham; ***P < 0.001 vs. Sham, n=34; (f) The expression of lncRNA-AK138945 in neonatal mouse cardiomyocytes after hydrogen peroxide
treatment *P < 0.05 vs. Control; **P < 0.01 vs. Control, n=3.

Figure 2
The effect of knockdown lncRNA-AK138945 on cardiomyocyte apoptosis. (a) lncRNA-AK138945 knock
down efficiency verification. **P <0.01 vs. Control; ###P <0.001 vs. + siAK138945, n=3; (b) CCK8 detects
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the effect of siAK138945 on cell viability. ***P <0.001 vs. Control; ###P <0.001 vs. + siAK138945, n=6; (c)
Survival/death (LIVE/DEAD) staining to detect the effect of siAK138945 on the death of cardiomyocytes.
Red fluorescence represents dead cells, green fluorescence represents live cells. **P <0.01 vs. Control; #P
<0.05 vs. + siAK138945, n=3; (d) TUNEL staining to detect the effect of knockdown of lncRNA-AK138945
on the apoptosis rate of cardiomyocytes. *P <0.05 vs. Control; ##P <0.01 vs. + siAK138945, n=3.

Figure 3
Knockdown of lncRNA-AK138945 affects the expression of apoptosis-related proteins in cardiomyocytes.
(a-c) Knockdown of lncRNA-AK138945 in cardiomyocytes significantly increases the expression levels of
apoptotic proteins Caspase3, Caspase9 and Bad. *P <0.05 vs. Control; **P <0.01 vs. Control; ***P <0.001
vs.Control; #P <0.05 vs. + siAK138945; ##P <0.01 vs. + siAK138945; (d) The expression of Bcl2 is
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significantly reduced in lncRNA-AK138945 knockdown cardiomyocytes. *** P <0.001 vs. Control; #P <0.05
vs. + siNC, n=5.

Figure 4
miR-1a-3p is the downstream target of lncRNA AK138945. (a) The predicted binding sites between miR1a-3p and lncRNA-AK138945; (b) Luciferase reporter gene detection. ***P <0.001 vs. NC, n=3 (c) The
expression level of miR-1a-3p was significantly increased after knockdown of lncRNA-AK138945. *P
<0.05 vs. +siNC; **P <0.01 vs. +siNC, n=3-6.
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Figure 5
Knocked down of lncRNA-AK138945 inhibits the expression of GRP94. (a-b) The expression of GRP94
was significantly decreased after lncRNA-AK138945 knockdown. **P <0.01 vs. Control; ***P <0.001 vs.
Control; #P <0.05 vs. + siAK138945, ##P <0.01 vs. + siAK138945n=5-6.
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Figure 6
Inhibition of GRP94 induces cardiomyocyte apoptosis. (a-c) After administration of GRP94 inhibitor, the
expression of apoptosis-related proteins Caspase3, Caspase9 and Bad was increased. *P <0.05 vs.
Control; ***P <0.001 vs. Control; #P <0.05 vs. H2O2, n=3-6; (d) The expression of anti-apoptotic protein
Bcl2 was further reduced after administration of GRP94 inhibitor. **P < 0.01 vs. Control; #P <0.05 vs.
H2O2, n=6.
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Figure 7
The effect of transcription factor FOXO3 on the AK138945-miR-1-GRP94 signaling pathway. (a) The
expression of FOXO3 in myocardial tissue. **P <0.05 vs. Sham; (b) Verification of FOXO3 overexpression
efficiency. ***P <0.001 vs. Control; #P <0.05 vs.FOXO3, n=4; (c-d) The expression levels of lncRNAAK138945 and GRP94 are up-regulated after FOXO3 overexpression. ***P <0.001 vs.Control; ##P <0.01
vs. FOXO3, n = 6; (e) FOXO3 overexpression down-regulates the expression level of miR-1a-3p. **P <0.01
vs. control group; #P <0.05 vs. FOXO3; n = 6.
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Figure 8
Mechanism of lncRNA-AK138945 in regulating myocardial ischemia-reperfusion injury.
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