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Abstract
Ischemic postconditioning (I/Post) reduces ischemia/reperfusion (I/R) injury by activating endogenous
cardioprotection mechanisms, such as the JAK/STAT3 and PI3K/Akt pathways, which offer a traditional
approach to myocardial protection. According to the previous study, cardioprotection by I/Post may lost
in aged mice, and in our previous research, hypoxic postconditioning (H/Post) lacked a protective effect
in senescent cardiomyocytes, which was associated with low expression of long noncoding RNA
(lncRNA) H19. The N6-methyladenosine (m6A) modi�cation is a dynamic and reversible process that has
been con�rmed plays a role in cardiovascular diseases. However, the mechanisms of m6A modi�cation in
myocardial I/Post remains to be explored. Neonatal cardiomyocytes were isolated from 2-day-old
Sprague Dawley rats and senescence was induced by D-galactose, followed by stimulation of hypoxia-
reoxygenation (H/R) and H/Post. Hypoxic injury was evaluated by cell viability and the Bcl-2/Bax protein
ratio. Total m6A levels were measured using a colorimetric m6A RNA Methylation Quanti�cation Kit and
the m6A modi�ed and differentially expressed mRNA was determined by methylated RNA
immunoprecipitation (MeRIP). We found that H/Post increased m6A methylation and decreased RNA mA
demethylase alkB homolog 5 (ALKBH5) expression in aged cardiomyocytes. Furthermore, ALKBH5
knockdown exacerbated injury following H/Post in senescent cardiomyocytes. Additionally, ALKBH5
regulated STAT3 expression by mediating its m6A modi�cation and lncRNA H19/miR-124-3p. ALKBH5
also alleviated the H/Post injury induced by the low expression of STAT3 in aged cardiomyocytes.

Introduction
Age is a major risk factor for ischemic cardiovascular disease, due to increased cardiac damage caused
by ischemia/reperfusion (I/R) injury, leading to a poorer prognosis than that of young patients1,2.
Ischemic postconditioning (I/Post), brief intermittent episodes of I/R at the onset of reperfusion after a
prolonged period of ischemia, reduces I/R injury, thereby offering a traditional approach for myocardial
protection3,4. However, the heart protection by I/Post may be lost middle-aged and old mice5. Besides, in
our previous study, we demonstrated that hypoxic postconditioning (H/Post) effectively alleviated
hypoxia-reoxygenation (H/R) injury in normal primary cardiomyocytes, but not in senescent
cardiomyocytes, which exhibited a low expression of long noncoding RNA H196. The reason for the
differential expression of H19 in aged and normal cardiomyocytes remains to be explored.

N6-methyladenosine (m6A) is the most abundant endogenous mRNA modi�cation in eukaryotes that is
catalyzed by a methyltransferase complex (METTL3, METTL14, and WTAP) and removed by ALKBH5
and FTO7,8. Several studies have reported alterations in m6A levels and m6A modi�cation-associated
genes upon exposure to myocardial infarction (MI) 9,10. And m6A modi�cation-associated genes plays a
vital part in the I/R injury. METTL3 promoted DGCR8 binding to pri-miR-143-3p through m6A modi�cation,
enhancing miR-143-3p expression to inhibit PRKCE transcription and further aggravating cardiomyocyte
pyroptosis and I/R injury11. WTAP promotes myocardial I/R injury by increasing endoplasmic reticulum
stress via regulating m6A modi�cation of ATF4 mRNA12. Pharmacological postconditioning also protects
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cardiomyocytes from H/R injury by regulating m6A related-genes; according to our previous research,
dexmedetomidine postconditioning reduced H/R-induced injury of cardiomyocytes via the
ALKBH5/lncRNA H1913. However, there are few research focus on the level of m6A and ALKBH5 on aged
heart following H/R and H/Post.

Signal transducer and activator of transcription 3 (STAT3) has been demonstrated to be activated during
various modes of protection against myocardial I/R injury by suppressing apoptosis, autophagy and the
in�ammatory response14,15,16. In the heart of aged mice, total STAT3 and phosphorylated STAT3 in the
anterior wall at reperfusion were reduced compared with young mice and the cardioprotection by I/Post
was abolished in aged wild type and in STAT3-de�cient mice17. The reduced STAT3 protein level in the
aged mouse heart may contribute to the loss of cardioprotection by I/Post, however, the upstream
regulation mechanism of STAT3 needs to be elucidated.

Therefore, the aim of this research was to explore the level of RNA m6A and the role of ALKBH5. We also
hope to detect the mutual regulation between ALKBH5 and STAT3 in H/Post injury on aged
cardiomyocytes.

Methods

Cell culture and treatment
Neonatal cardiomyocytes were isolated from 2-day-old Sprague Dawley rats purchased from Vital River
Laboratory Animal Technology Co., Ltd. (Beijing, China). Our study was approved by Tianjin Medical
University Cancer Institute and Hospital (No.NSFC-AE-2020047) and all experiments were conducted
according to the Declaration of Helsinki and conformed to the US National Institutes of Health Guide for
the Care and Use of Laboratory Animals. Hearts were cut into 1-mm3 pieces, placed in 1.5 mL Eppendorf
tubes and digested at 37°C with 0.125% trypsin (Amersco, USA) and 0.1% collagenase II (Sigma, St Louis,
MO, USA) until there was no obvious tissue structure. The digested cells were resuspended in Dulbecco’s
modi�ed Eagle’s medium (DMEM; Gibco, USA) supplemented with 10% fetal bovine serum, 100 U/mL
penicillin G, and 100 μg/mL streptomycin, at 37°C and 5% CO2. Fibroblasts were removed using a
differential attachment technique. The dissociated cells were cultured for 48 h in a medium containing
0.1 mmol/L bromodeoxyuridine to prevent proliferation of non-myocytes. After 4 days in culture, the
various treatments described below were performed.

H9c2, HEK293A cells purchased from the Shanghai Institute of Cell Biology (Shanghai, China). Cells were
cultured in DMEM supplemented with 10% fetal bovine serum, 100 U/mL penicillin G, and 100 μg/mL
streptomycin, at 37°C and 5% CO2. 

To induce hypoxia-reoxygenation (H/R) injury, the medium was changed to Hanks’ balanced salt
solution (Gibco) and cells were cultured at 37°C in a hypoxic incubator (Billups-Rothenberg, USA) �lled
with pre-mixed gas (5% CO2 and 95% N2) for 6 h. H/Post was performed after 6 h of hypoxia by exposing
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cells to three cycles of 30 min of hypoxia and 30 min of reoxygenation. After hypoxia or H/Post, the cells
were transferred to normal culture medium and kept in an incubator for 12 h of reoxygenation.

D-galactose (Sigma) was dissolved in DMEM at 0, 5, 10, or 20 g/L to induce senescence of primary
cardiomyocytes and was added to the primary cardiomyocyte cultures for different incubation periods.

Senescence-associated β-galactosidase (SA-β-gal) assay

SA-β-gal staining was performed using an SA-β-gal staining kit (Beyotime, Shanghai, China) according to
the manufacturer’s instructions. Brie�y, cells were washed in phosphate-buffered saline (PBS, Gibco),
�xed with �xative solution for 15 min at room temperature, and rinsed three times with PBS.
Subsequently, the cells were incubated overnight at 37°C with the staining solution mix. The percentage
of senescent cells (blue staining) was calculated in �ve randomly chosen �elds of view for each sample.
The assay was performed in triplicate.

Cell transfection

The siRNAs against rat ALKBH5 and STAT3 as well as rno-miR-124-3p mimics, rno-miR-124-3p inhibitor,
and their negative controls (NC) were purchased from Genepharma (Shanghai, China). The previously
con�rmed siRNA sequences used in the study are shown in the Supplemental Materials (Table 1). Two of
siRNAs and their mix were transfected into cells. ALKBH5 siRNA, STAT3 siRNA, their mix, rno-miR-124-3p
mimics, rno-miR-124-3p inhibitor, or their negative controls (100 nM) were combined with Lipofectamine
RNAimax (Invitrogen, Carlsbad, CA, USA) and transfected according to the manufacturer’s instructions.
After 48 h, samples were used in the described experiments. 

The full-length sequence of H19 was cloned into pCDNA3.0 to generate the H19 expression vector,
pCDNA3.0-H19. The vectors were transfected using Lipofectamine 2000 reagent (Invitrogen). After 48 h,
samples were used in the further experiments.

The coding sequence region of the ALKBH5 sequence used for constructing Ad-ALKBH5 was extracted
from rat heart and inserted into adenoviral vectors. The empty vector, Ad-Null, was used as a control for
Ad-ALKBH5. The vectors were transfected into HEK293A cells and the virus was collected. After transfect
the virous in the primary cells 24 h, samples were used in the following experiments.

Cell viability assessment

The cell counting kit 8 (CCK-8) assay (Dojindo, Kumamoto, Japan) was used to detect cell viability
according to the manufacturer’s protocol. Cells were seeded in 96-well tissue culture plates at a density of
2 × 104 cells/mL and treated or transfected. After treatment, cells were cultured in DMEM with 10% CCK-8
for 1 h, and then cell viability was determined by measuring the optical absorbance at 450 nm. The assay
was performed in triplicate.

Quantitative real-time PCR (qRT-PCR)
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Total RNA was extracted with Trizol and chloroform, precipitated with isopropyl alcohol, washed with 75%
ethanol, dissolved in diethyl pyrocarbonate (DEPC)-treated water, dried, and dissolved in RNase-free water.
RNA was reverse transcribed with a reverse transcriptase kit (Takara, Kusatsu, Japan) and subjected to
qRT-PCR using SYBR Green (Takara) according to the manufacturer’s instructions. The primers used for
the qRT-PCR are listed in the Supplementary Materials (Table 1). qRT-PCR was carried out on a CFX96 TM
Real-time System instrument (Bio-Rad, Hercules, CA, USA). GAPDH was used as an endogenous control.

miRNA was converted into cDNA using a miRcute Plus miRNA First-Strand cDNA Synthesis Kit (TIANGEN,
Beijing, China) and was quanti�ed with a miRcute miRNA qPCR Detection Kit (TIANGEN). U6 was used as
a reference gene. 

Each sample was run in triplicate. Comparative quanti�cation was performed using the 2−ΔΔCt method.

Dual-Luciferase Reporter Assay
The reporter assay was performed using the Dual Luciferase Reporter Assay kit (Promega, Madison, WI,
USA). Brie�y, co-transfection of wild type (wt) or mutant (mut) pGL3 vectors in H9c2 cells revealed H19
and STAT3 3¢-UTR with miR-124-3p mimics or mimic NC, respectively. At 48 h post transfection, the
luciferase activity was measured.

Immunoblotting

Cells were rinsed twice with PBS, and then lysed for 30 min on ice in lysis buffer containing
phenylmethylsulfonyl �uoride (PMSF). Proteins were quanti�ed using a BCA Protein Assay Kit
(Beyotime). After separation using sodium dodecyl sulfate-polyacrylamide gel electrophoresis, proteins
were transferred onto polyvinylidene di�uoride (PVDF) membranes, which were then blocked with non-fat
milk for 1 h at room temperature. The PVDF membranes were incubated with the primary antibody at 4°C
overnight, washed with PBS, and incubated with the horseradish peroxidase-conjugated secondary
antibody at 37°C for 1 h. Signals were detected using a chemiluminescence imaging system (Bio-Rad).
Blots were probed with antibodies against Bcl-2, Bax, ALKBH5 (Proteintech, Wuhan, China), p53 (Cell
Signaling Technology, Danvers, MA, USA), STAT3, and phospho-STAT3-Y705 (A�nity, Changzhou, China),
and with GAPDH (Santa Cruz Biotechnology, Dallas, TX, USA) as a loading control.

m6A Quanti�cation

Total RNA was extracted from cells. Changes in total m6A levels of mRNA were measured using an m6A
RNA Methylation Quanti�cation Kit (Colorimetric; Abcam, Cambridge, UK) according to the manufacturer’s
protocol. For analysis of each sample, 200 ng of RNA was coated on an assay well, and then the capture
antibody solution and detection antibody solution were added individually at the required dilutions. m6A
levels were quanti�ed colorimetrically by reading the absorbance at a wavelength of 450 nm; calculations
were performed based on a standard curve.
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RNA immunoprecipitation
RNA immunoprecipitation (RIP) experiments were performed using the Magna RIP RNA-Binding Protein
Immunoprecipitation Kit (Millipore Corporation, Burlington, MA, USA) according to the manufacturer’s
protocol. Brie�y, antibodies against m6A (SYSY, Goettingen, Germany) or IgG bound to magnetic beads
were diluted to 1:50. H9c2 cells transfected with NC or siALKBH5 for 48 h were lysed in RIP lysis buffer.
Samples of each lysate were aliquoted to serve as input controls, while the remaining lysates were
immunoprecipitated with the precipitation magnetic beads. Beads and input were then treated with
proteinase K buffer solution for 30 min at 55°C. Then, RNA was isolated and puri�ed by
phenol:chloroform:isoamyl alcohol extraction from inputs and precipitation magnetic beads. The
immunoprecipitated RNA was subsequently analyzed using RT-qPCR.

Statistical Analysis
Data are expressed as the mean ± standard deviation (SD) of at least three independent replicates.
Comparisons between two groups or multiple groups were performed using Student’s t-test or one-way
analysis of variance followed by Tukey’s multiple comparisons test, respectively. All the analyses were
performed using GraphPad Prism version 8.0 software (GraphPad Software, USA). Differences were
considered statistically signi�cant if P < 0.05.

Results

1. ALKBH5 expression decreases in aged cardiomyocytes

Cardiomyocytes were extracted, isolated, and seeded in 96-well plates at a density of 5×104 cells/L until
Day 4. Then, the media were replaced with media containing D-galactose (�nal concentrations 0, 5, 10, or
20 g/L). CCk-8 was used to examine the cell growth at 24, 48, and 72 h, and the OD450 value was
recorded. The results showed that the viability of cardiomyocytes treated with different D-galactose
concentrations gradually decreased with the increase in time and concentration (Fig. 1A). Next, the cells
were stained with SA-β-gal and the proportion of dyed dark blue cells was calculated. The results showed
that with the increase in D-galactose concentration, the proportion of cell senescence was signi�cantly
increased (Fig. 1B). Furthermore, the protein expression of senescence-related protein p53 was
upregulated with the increase in D-galactose concentration, while ALKBH5 expression decreased (Fig.
1C).

2. H/Post increases m6A methylation and decreases
ALKBH5 expression in aged cardiomyocytes
After 48 h in culture, D-galactose or normal DMEM was added and cardiomyocytes were exposed to H/R
and H/Post. Figure 2A shows the optical microscope images of cells after the different treatments. RNA
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was extracted from each treatment group, and the content of total m6A RNA in normal and aging cells
were measured by a colorimetric method. Compared with the H/R group, in the normal cells the total m6A
RNA was decreased after H/Post, while in senescent cells this effect was not observed (Fig. 2B). We
further examined the ALKBH5 RNA and protein expression levels. Compared with the control, ALKBH5
expression in senescent cardiomyocytes was decreased following H/R and H/Post. However, in normal
cells, ALKBH5 expression was increased after H/Post compared with the H/R group (Fig. 2C, D). The
increased total m6A RNA level and decreased ALKBH5 expression may be the reason for the reduced
protection of H/Post in aged heart.

3. ALKBH5 knockdown aggravates injury following H/Post in
senescent cardiomyocytes
For higher and more stable transfection e�ciency, we used the rat heart cell line H9c2. The transfection
e�ciency was determined by western blotting after 48 h of transfection of different ALKBH5 siRNAs into
H9c2 (Fig. 3A). To examine cell viability, after 48 h of culture with D-galactose, primary cardiomyocytes
were transfected with the siALKBH5 mix to reduce ALKBH5 expression. Within 48 h of transfection, the
cell viability was decreased in ALKBH5-knockdown cardiomyocytes treated with H/Post, compared with
the H/Post plus NC group (Fig. 3B). Furthermore, the ratio of Bcl-2/Bax protein expression in the H/Post
plus siALKBH5 group was lower than that in the H/Post plus NC group (Fig. 3C). Therefore, knockdown of
ALKBH5 exacerbated injury following H/Post in senescent cardiomyocytes.

4. ALKBH5 regulates the m6A modi�cation of STAT3
STAT3 signaling controls intercellular communication, signal transduction, and gene transcription, and
has been demonstrated to be involved in myocardial I/Post. Therefore, we measured the expression of
STAT3 following H/Post in primary cardiomyocytes. STAT3 and P-STAT3 protein expression was
decreased in senescent cells after H/Post, while in normal cells it was not (Fig. 4A). In our previous
research, H19 was similarly decreased after H/Post in aged cells5. Thus, we investigated the regulatory
relationship between ALKBH5 and STAT3. To this end, we transfected the siALKBH5 mix into H9c2 cells
to downregulate ALKBH5 expression. After 48 h, STAT3 expression was decreased at the mRNA and
protein levels (Fig. 4B, C). However, when STAT3 was knocked down, the expression of ALKBH5 was not
upregulated (Fig. S1). To investigate the mechanism by which ALKBH5 regulates STAT3, we knocked
down ALKBH5 and measured the m6A methylation levels of STAT3. We found that STAT3 m6A
methylation was increased after ALKBH5 knockdown in H9c2 cells (Fig. 4D).

5. STAT3 is regulated by H19/miR-124-3p
In our previous research, we veri�ed ALKBH5 regulate H19 expression and H19 play an important part in
aged cardiomyocytes following H/Post5,13. Therefore, we hypothesis H19 may also mediate STAT3
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expression by sponging microRNAs. Firstly, using bioinformatics methods, miR-124-3p was predicted to
bind to 3’-UTR of STAT3 and the binding sites in STAT3 are high conservative (Fig. 5A). After 48 h of
treatment with D-galactose, miR-124-3p expression was increased in primary cardiomyocytes treated with
H/Post (Fig. 5B). When miR-124-3p was overexpressed by transfecting mimics into H9c2 cells, STAT3
and P-STAT3 expression was decreased. In contrast, knockdown of miR-124-3p by transfecting the
inhibitor increased the expression of STAT3 and P-STAT3 in H9c2 cells (Fig. 5C). To investigate the
mechanism, wt and mutant sequences of potential binding sites for miR-124-3p in STAT3 were cloned
into reporter plasmids (Fig. 5D), which were co-transfected into H9c2 cells. The luciferase assay showed
that the wt but not the mutated reporter was suppressed by the rno-miR-124-3p mimics (Fig. 5E).
According to the bioinformatics analysis, we also predicted that lncRNA H19 regulates miR-124-3p by
suppressing its expression (Fig. 6A). After transfecting H9c2 cells with the H19 expression vector,
pcDNA3.0-H19, the expression of miR-124-3p was decreased (Fig. 6B). In contrast, H19 knockdown in
H9c2 cells by transfecting them with siH19 increased the expression of miR-124-3p (Fig. 6B). Next, we
constructed reporter plasmids with wt or mutant sequences of potential binding sites of H19 with
miR124-3p (Fig. 6C). The predicted effect of H19 on miR-124-3p expression was veri�ed by the luciferase
reporter gene assays in H9c2 cells (Fig. 6D).

6. STAT3 knockdown exacerbates H/Post injury in senescent
cardiomyocytes
To choose the best siRNA for STAT3, two siSTAT3 and their mix were transfected into H9c2 cells. STAT3
and P-STAT3 expression levels in H9c2 cells were examined after 48 h by western blotting (Fig. 7A). Next,
we used Ad-Null and Ad-ALKBH5 viruses to infect primary cardiomyocytes, and then measured the
expression of ALKBH5, STAT3, P-STAT3, and GAPDH after 24 h (Fig. 7B). To determine the function of
STAT3, cells transfected with siSTAT3 mix or NC for 48 h were treated with H/Post. To elucidate the
regulation of ALKBH5, the cells infected with Ad-Null or Ad-ALKBH5 viruses for 24 h were then transfected
with siSTAT3. After 48 h, these cells were treated with H/Post. The effect of altered STAT3 and ALKBH5
expression on senescent cardiomyocytes subjected to H/Post was examined by cell viability assays and
Bcl-2/Bax western blot analysis. We found that the H/Post injury was exacerbated by STAT3 knockdown
and alleviated by ALKBH5 upregulation (Fig. 7C, D).

Discussion
According to our study, the impaired H/Post protective effect on senescent cardiomyocytes was
associated with the increased total m6A RNA level and decreased expression
of ALKBH5. ALKBH5 regulated the expression and activity of STAT3 by mediating its m6A
modi�cation. ALKBH5 also regulated STAT3 via H19/miR-124-3p. 

RNA methylation is the most common type of RNA modi�cation in eukaryotes, and the RNA m6A
modi�cation level may be a potential diagnostic biomarker of acute MI18. The m6A mRNA dot blot assay
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showed that the methylation level of m6A mRNA increased in H9c2 cells and neonatal mouse ventricular
cardiomyocytes after H/R19. A study that performed m6A quanti�cation analysis of mRNA from Day 1
and Day 7 mouse hearts found that the total RNA m6A methylation was signi�cantly increased after
birth20. In our study, the total RNA m6A modi�cation level was increased after H/R in normal cells, but it
was decreased following H/Post. However, in senescent cells this effect was not observed (Fig. 2B). We
also found that the expression of ALKBH5 was decreased in aged cardiomyocytes following H/R as well
as H/Post, and thus explored its role. We demonstrated that ALKBH5 knockdown exacerbated the H/Post
injury in aged cells. In an in vivo research, after injection of AAV9-ALKBH5 on Day 4, an I/R model was
established on Day 7. On Day 21, the ALKBH5 mRNA and protein levels in heart tissue were signi�cantly
increased, while the m6A-modi�ed mRNA levels were decreased and the scar of myocardial infarction
was signi�cantly decreased20. Therefore, ALKBH5 may contribute to a strategy for alleviating ischemia
injury both in aged and neonatal hearts. Our current study veri�ed the function of ALKBH5 in aged
cardiomyocytes following H/Post.

DNA methylation leads to chromatin condensation and gene expression changes. Similarly, RNA m6A
modi�cation can affect all phases of the mRNA life cycle, such as splicing, nuclear export, stability,
translation, and degradation21,22. To explore the mechanism of ALKBH5 in H/Post in aged heart, we
hypothesized that ALKBH5 regulates the mRNA m6A level of downstream genes. In another study, the
m6A-modi�ed and differentially expressed mRNAs were determined by MeRIP-seq and RNA-seq in
ALKBH5-overexpressing HL-1 cells. This study suggested that a triple functional domain (Trio) mRNA can
be upregulated by reducing the m6A level of the Trio mRNA23. Several studies have indicated that the
STAT3 signaling pathway is an important player in myocardial I/R injury and that it plays an important
part in cardioprotective conditioning strategies, such as pre- and postconditioning strategies24. The
activation of STAT3 has been demonstrated to reduce cardiac apoptosis during myocardial ischemic
injury25. STAT3 de�ciency contributes to the incidence of autophagy in cardiac HL-1 cells26. Impaired
downregulation of STAT3 activation in subacute infarction has been demonstrated to promote cardiac
in�ammation27. In summary, STAT3 has been demonstrated to protect hearts from I/R injury
through regulation of several myocardial processes including apoptosis, autophagy, and in�ammation.
STAT3 mRNA expression in HTR-8 cell line decreased after ALKBH5 knockdown by RNA sequencing28.
Herein, we observed similar expression patterns of STAT3 and ALKBH5, thus verifying the regulatory
relationship between these proteins. Namely, ALKBH5 regulated the expression and activity of STAT3 by
increasing its m6A modi�cation level and decreasing its expression. 

Numerous studies have indicated that lncRNAs can interact with miRNAs as a competitive endogenous
RNA, to regulate downstream gene expression29,30. Bioinformatics methods (DIANA tools, LncBase v.2,
microRNA.org) predicted the upstream regulation of STAT3. In our study, miR-124-3p suppressed protein
expression by binding to the 3′-UTR of STAT3 mRNA, and H19 bound to miR-124-3p to decrease the free
miRNA. The direct interaction was veri�ed by luciferase reporter assays. In our previous research, we
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showed that ALKBH5 mediated H19 expression in H9c2 cells. Therefore, ALKBH5 may also regulate the
STAT3 via H19/miR-124-3p regulation. 

Finally, we also examined the function of STAT3 in aged primary cardiomyocytes. When STAT3 was
knocked down, the H/Post injury in aged cells was exacerbated. However, when ALKBH5 was
overexpressed by adenoviral infection in STAT3-de�cient cells, the hypoxia injury was alleviated.

In conclusion, we demonstrated that the reduced protective effect of H/Post in senescent cardiomyocytes
was associated with an increased total RNA m6A level and suppressed ALKBH5 expression. ALKBH5
regulated the expression and activity of STAT3 by mediating its m6A modi�cation. ALKBH5 also
regulated STAT3 expression via H19/miR-124-3p, which alleviated the H/Post injury induced by reduced
STAT3 expression (Fig. 8).
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ALKBH5 F 5'-ATTCTCAGGAAGACAAGATTAG-3'

R 5'-TTTTCTTCTTTGTCCATTTC-3'

siALKBH5 810 GCCUCAGGACAUCAAAGAATT

1016 GGAUCCUGGAAAUGGACAATT

miR-124-3p F 5’-TAAGGCACGCGGTGAATG-3’

R From the miRNA qPCR Kit

U6 F   5’-CTCGCTTCGGCAGCACA-3’

R 5’-AACGCTTCACGAATTTGCGT-3’

miR-124-3p mimic   UAAGGCACGCGGUGAAUGCC

miR-124-3p inhibitor   CAGUACUUUUGUGUAGUACAA

siH19 796 5’-GCAGGUGAGUCUCCUUCUUTT-3’

1687 5’-GCUGCACUCAGAACCACUATT-3’

STAT3 F 5’-GCAGTTTAGACAGGGAGGGG-3’

R 5’-CACTGTCTCTGGGGCTGAAG-3’

STAT3 511 UUUAUAGUUGAAAUCAAAGUC

1072 AAUUUUAAGCUGAUAAUUCAA

GAPDH F 5’-GCCAAAAGGGTCATCATCTC-3’

R 5’-GGCCATCCACAGTCTTCT-3’

Figures
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Figure 1

The expression of ALKBH5 was decreased with the increasing concentration of D-galactose. A. Primary
cells were treated with 0, 5, 10, or 20 g/L D-galactose for 24, 48, or 72 h. CCK8 was used to measure
cardiomyocyte viability (24 h: F = 7.669, P = 0.097; 48 h: F = 22.01, P = 0.0003; 72 h: F = 16.90, P =
0.0009; * P < 0.05 vs. 0 g/L group). B. Primary cardiomyocytes treated with 0, 5, 10, or 20 g/L D-galactose
were stained by SA-β-gal, and the percentage of cells dyed blue was calculated (F = 258.6, P < 0.0001, *P
< 0.05 vs. 0 g/L group). C. Western blot analysis was used to examine ALKBH5 (F = 157.04, P < 0.0001,
*P < 0.05 vs. 0 g/L group) and p53 (F = 129.3, P < 0.0001, *P < 0.05 vs. 0 g/L group) protein expression
after treatment with different concentrations of D-galactose for 48 h.
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Figure 2

H/Post reduced protection of H/R-induced injury is due to increased m6A levels and downregulated
ALKBH5 in aged H9c2 cells. A. Optical microscopy was used to examine the status of cells that were
cultured for 48 h after adding D-galactose or normal DMEM, and then treated by H/R and H/Post. B.
Colorimetry was used to determine the total m6A modi�cation levels of RNA in aged myocardial cells
after H/R and H/Post (*P < 0.05 vs. con; n.s., P = 0.6595). C. mRNA levels of ALKBH5 were measured by
qRT-PCR (*P < 0.05 vs. con; n.s., P = 0.2895). D. ALKBH5 expression in cells exposed to H/R and H/Post
was measured by western blotting (*P < 0.05 vs. con; n.s., P =0.0998).

Figure 3

Knockdown of ALKBH5 exacerbated H/Post injury in aged cells. A. H9c2 cells were transfected with two
ALKBH5 siRNAs or negative control (NC) siRNA, and the transfection e�ciency was determined by
western blotting 48 h later. B. Cardiomyocyte activity in the control group, H/Post group, H/Post + NC
group, and H/Post + siALKBH5 group was determined by CCK-8 (*P = 0.0402). C. Western blot analysis
was used to determine the expression of apoptosis-related proteins Bcl-2 and Bax in the control group,
H/Post group, H/Post + NC group, and H/Post + siALKNH5 group (*P = 0.0329). 
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Figure 4

STAT3 downregulation after H/Post in aged cells was associated with reduced ALKBH5 expression. A.
STAT3 and P-STAT3 protein expression was determined in normal and senescent cells before and after
H/Post. B. STAT3 mRNA expression after transfection of siALKBH5 or NC was measured by qRT-PCR (*P
= 0.0053). C. STAT3 protein level was determined by western blotting (n.s P > 0.05, * P < 0.05, # P < 0.05).
D. STAT3 mRNA m6A methylation level was measured after ALKBH5 knockdown (*P = 0.0213).



Page 17/19

Figure 5

H19 participated in the regulation of miR-124-3p. A. The binding regions of miR-124-3p and STAT3’s 3¢-
UTR were predicted by bioinformatics. B. After 48 h of D-galactose treatment, miR-124-3p expression was
evaluated by qRT-PCR before and after H/Post (P < 0.0001). C. miR-124-3p mimics, NC, miR-124-3p
inhibitor, or their negative controls were transfected into H9c2 cells. STAT3 and P-STAT3 expression were
evaluated after 48 h by western blotting (#P < 0.05, * P < 0.05). D. Wild type and mutant sequences of
potential binding sites for miR-124-3p in STAT3 that were cloned into reporter plasmids. E. H9c2 cells
were cotransfected with wild type (STAT3-wt) or mutant (STAT3-mut) luciferase reporter plasmids
together with miR-124-3p or NC. Luciferase activity was assayed after 48 h (*P = 0.0384).
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Figure 6

H19 is a direct target of miR-124-3p in H9c2 cells. A. Possible binding sites of miR-124-3p in H19 were
predicted through bioinformatics analysis. B. The expression of miR-124-3p in H9c2 cells was evaluated
by qRT-PCR at 48 h after transfection with siH19 or a negative control siRNA (NC) (P = 0.0161). C. The
expression of miR-124-3p in H9c2 cells was evaluated after transfection of an H19 expression vector (P =
0.036). D. The sequences of wild type and mutant H19 luciferase reporter plasmids are shown. E. H9c2
cells were cotransfected with wild type (H19-Wt) or mutant (H19-Mut) H19 luciferase reporter plasmids
together with rno-miR-124-3p mimics or their negative controls (NC). Cells were harvested 48 h after
transfection and luciferase activity was assayed (*P = 0.0140).

Figure 7
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Knockdown of STAT3 exacerbated H/Post injury in senescent cardiomyocytes, which was alleviated by
ALKBH5 overexpression. A. STAT3 and P-STAT3 protein expression was examined by western blotting 48
h after knockdown by siRNA transfection of H9c2 cells (*P < 0.05 vs. NC). B. Neonatal cardiomyocytes
were infected with Ad-ALKBH5 or control adenovirus and the transfection e�ciency was measured by
western blotting after 24 h. C. Cell viability was evaluated using the CCK-8 assay (*P = 0.0049, #P =
0.0202). D. Bcl-2 and Bax expression were evaluated by western blotting (*P = 0.0103, # P = 0.0384).

Figure 8

The mechanism of ALKBH5 regulation of STAT3 in aged cardiomyocytes following H/Post in our
research.


