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ABSTRACT

BACKGROUND  Clarifying the molecular mechanism and identifying markers of myocardial ischemia/ reperfusion
injury is crucial for the treatment of acute myocardial infarction.

AIMS This study aimed to investigate the roles and underlying regulatory mechanisms of microRNA
1283 (miR-1283) and GADD45A in cardiomyocytes injured by hypoxia / reoxygenation (H/R).

METHODS Bioinformatic analyses were used to determine the expression of GADD45A and miR-1283
based on various datasets from the Gene Expression Omnibus database. Human embryonic cardiomyocytes
were subjected to H/R to construct in vitro models. Real-time quantitative polymerase chain reaction
and Western blot were used to detect mRNA and protein expression levels, respectively. The binding
sites between miR-1283 and GADD45A were predicted by the TargetScan software and verified using dual
luciferase reporter assays. Cell viability and apoptosis were detected with the use of Cell Counting Kit 8
and flow cytometry assays.

RESULTS  GADD45A and miR-1283 were upregulated or downregulated in myocardial infarction, respectively.
MicroRNA 1283 expression was decreased in cardiomyocytes after H/R treatment. H/R treatment reduced
cardiomyocyte viability and enhanced apoptosis, and these effects were abated by transfection of a miR-
1283 mimic and strengthened by transfection of a miR-1283 inhibitor. MicroRNA 1283 bound to the 3’
untranslated region of GADD45A and decreased the levels of GADD45A, which inhibited proliferation and
promoted apoptosis in H/R-induced cardiomyocyte injury. Reintroduction of GADD45A attenuated the effect
of miR-1283 on the viability and apoptosis of cardiomyocytes in H/R models. The JNK and p38 MAPK
signaling pathways were regulated by the miR-283-GADD45A axis.

CONCLUSIONS The miR-1283-GADD45A axis may protect against H/ R-induced cardiomyocyte injury by
suppressing the JNK and p38 MAPK pathways.

and coronary circulatory system, leading to
an increase in the size of the infarction area,
namely myocardial ischemia/ reperfusion in-
jury (MI/RI).? Myocardial injury causes seri-
ous clinical consequences, such as no-reflow
phenomenon, irreversible and reversible loss
of myocardial systolic function, and reperfu-
sion arrhythmias.’ In addition, MI/RI leads to

INTRODUCTION Acute myocardial infarc-
tion (AMI) is a common cardiovascular disease
caused by the necrosis of myocardial cells as a re-
sult of persistent acute ischemia and hypoxia in
the coronary arteries.! Of note, reperfusion ther-
apy is the key to improve the prognosis of pa-
tients with AMI, but reperfusion itself increas-
es the irreversible damage to the myocardial
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WHAT'S NEW?

This study focused on examining the roles and underlying regulatory
mechanisms between microRNA 1283 (miR-1283) and GADD45A in cardiomyocytes
injured by hypoxia/reoxygenation. Using public online datasets, we found
that miR-1283 was downregulated, and GADD45A, upregulated in myocardial
infarction. Moreover, the miR-1283-GADD45A axis could protect against
hypoxia/reoxygenation-induced cardiomyocyte injury by suppressing the JINK
and p38 MAPK pathways in vitro and providing a potential therapeutic avenue
for future reperfusion treatment of myocardial ischemia.
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microcirculation disorders in up to 50% of pa-
tients who received successful transluminal per-
cutaneous coronary intervention, which strongly

affects the treatment outcome and prognosis of
patients with AML.* Therefore, the question as to

how to reduce MI/Rlis crucial for the treatment

of AMI and has become the focus in the field of
coronary artery disease.

For the past few years, there has been increas-
ing evidence showing that microRNAs are in-
volved in the pathophysiological processes in
the cardiovascular system, such as myocardial
remodeling, myocardial hypertrophy, myocar-
dial cell apoptosis, arrhythmia, and heart fail-
ure.”® Noticeably, a study in which hematoxylin-
-eosin and Masson stainings were used demon-
strated that the suppression of microRNA 1283
(miR-1283) could enhance cardiovascular inflam-
mation,’ suggesting a potential role of miR-1283
in cardiovascular disease. However, the effect of
miR-1283 and its regulatory relationship with
the downstream molecular targets in MI/RIre-
mains unclear.

This report aimed to assess the role of
miR-1283 in cardiomyocyte injury by target-
ing GADD45A using an in vitro hypoxia/reoxy-
genation (H/R) model. The obtained results re-
vealed that transfection with a miR-1283 mim-
ic attenuated H/R-induced myocardial cell in-
jury, as evidenced by elevation of cell viability
and suppression of cell apoptosis, which might
have been accomplished by targeting GADD45A
and inactivating the p38 MAPK and JNK sig-
naling pathways.

METHODS Public database analysis The mi-
croarray datasets of patients with AMI and nor-
mal controls were downloaded from the Gene Ex-
pression Omnibus (GEO, http://www.ncbi.nlm.
nih.gov/geo/) database. The GSE66360 dataset
(https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi) was contributed by Muse et al,’’ who isolated
circulating endothelial cells from patients with
AMI (n = 49) and healthy controls (n = 50) and
measured gene expression using the HG-133U_
PLUS_2 microarray. The GSE61741dataset in-
cluding microRNA profiles (https://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi), contributed by
Keller et al," is a complete microRNA repertoire
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according to miRNAse V12-14, containing data
of 94 normal controls, 15 long-lived individuals,
and 940 patients with AMI. Of note, the level of
each microRNA was measured in at least 7 repli-
cates." In the GSE61741 dataset, 94 healthy con-
trols and 62 patients with myocardial infarction
were included in this study. All differentially
expressed genes (DEGs) with adjusted P <0.05
and |log,FC| >1 were identified using the lim-
ma R package (Bioconductor, Boston, Massachu-
setts, United States). Gene Set Enrichment Anal-
ysis (GSEA, Cambridge, Massachusetts, Unit-
ed States), a freely available online software,”
was used to identify significant gene sets that
were differentially enriched in MI, provided that
the P value was less than 0.05 and the false dis-
covery rate was lower than 0.25. No ethical ap-
proval was required for this study.

Myocardial ischemia model Human
embryonic cardiomyocytes (resource no.,
3111C0001CCC000177, CCC-HEH-2) from
a1l-week-old male embryo tissue were acquired
from Cell Resource Center of Institute of Basic
Medicine, Chinese Academy of Medical Scienc-
es (Bejjing, China). To establish an in vitro myo-
cardial H/R model, the cells were incubated in
an anoxic incubator for 6 hours with 95% N, and
5% CO, at 37 °C after converting the Dulbecco
modified Eagle medium into serum-free medium.
Next, the reoxygenation process was induced
in a normal incubator for 24-hour cultivation
with 95% air and 5% CO, at 37 °C. The number
of passages between thawing and use in the ex-
periments was greater than 2 and fewer than 5.

Real-time quantitative polymerase chain
reaction analysis Using the TRIzol reagent
(Thermo Fisher Scientific, Waltham, California,
United States), total RNAs were isolated from
cells. The PrimeScript RT Reagent Kit (Takara,
Tokyo, Japan) was employed to reversely tran-
scribe RNA into cDNA. The SYBR Premix Ex
Taq II (Takara) was applied to perform real-time
quantitative polymerase chain reaction (qQPCR)
using Applied Biosystems 7900HT (Thermo Fish-
er Scientific). Glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) was used as an inter-
nal reference. For microRNA analysis, microR-
NA was reversely transcribed using the MiS-
cript Reverse Transcription kit (Qiagen, Hilden,
Germany), and real-time qPCR was conducted
using the MiScript SYBR-Green PCR kit (Qia-
gen). U6 served as control. The relative mRNA
and microRNA expression was analyzed using
the AACt method.”

Transfection Both miR-1283 mimic and inhib-
itor were used to overexpress and silence miR-
1283 expression, respectively. A miR-1283 mim-
icis small, chemically modified, double-stranded
RNA that mimics endogenous miR-1283 and



enables the functional analysis of miR-1283 by
upregulation of its activity. A miR-1283 inhibitor
is small, chemically modified, single-stranded
RNA, designed to specifically bind to and in-
hibit the endogenous miR-1283 molecule and
enable the functional analysis of miR-1283 by
downregulation of its activity. Small interfer-
ing (si) RNAs targeting GADD45A and plasmid
pcDNA3.1-GADD45A were used to implement
the loss- and gain-of-function of GADD45A anal-
yses, respectively. The synthetic miR-1283 mim-
ic/inhibitor, negative control (NC), pcDNA3.1
empty vector, pcDNA3.1-GADD45A, and siRNAs
were purchased from GenePharma, Co. (Shang-
hai, China). The sequence of siRNA for GADD45A
(si-GADD45A) was 5-TTGCCGGGAAAGTCGC-
TA-3’, and the sequence of the corresponding
control was 5’-AATTCTCCGAACGTGTCACGT-3.
Before transfection, the cells were incubated for
24 hours in the Dulbecco modified Eagle medi-
um, and then transfected with the correspond-
ing vectors or siRNAs using Lipofectamine 3000
Transfection Reagent (Invitrogen, Carlsbad, Cal-
ifornia, United States) according to the manufac-
turer’s instructions. After 24-hour incubation,
the transfected cells were harvested for quanti-
tative real-time PCR or Western blot.

Cell Counting Kit 8 assay Cell viability was

evaluated using the Cell Counting Kit 8 (CCK-8)
assay. After 24-hour transfection, cells were di-
gested and counted with a cell counter to prepare
cell suspension. Then, cells at a density of 1x 103
cells per well were seeded in 96-well plates and
cultured with 5% CO, at 37 °C for 0, 24, 48, and
72 hours to detect the corresponding prolifera-
tive capacity. Before detection, 10 pl of the CCK-8
reagent (Beyotime, Jiangsu, China) was added
into each well. After incubation for another 1.5
hours at 37 °C, the optical density of each well
was tested with a microplate reader at 450 nm.

Cell apoptosis assay Cell apoptosis was deter-
mined using flow cytometry assay. After 24-hour
transfection, the cells were collected and washed
by precooled phosphate-buffered saline. Upon
removing the supernatant, the cells were re-
suspended by 1 xbinding buffer to adjust cell
density into 1-5x 108/ml. Next, cell suspension
(100 nl) was permitted to react with 5 pl of an-
nexin V/fluorescein isothiocyanate (Beyotime,
Jiangsu, China) and 10 pl of propidium iodide in
the darkroom for 5 minutes. Subsequently, flu-
orescein isothiocyanate and propidium iodide
signals were tested by a flow cytometer (Bec-
ton Dickinson Biosciences, Inc., Franklin, New
Jersey, United States).

Luciferase reporter assay The TargetScan
software (Whitehead Institute for Biomedical
Research, Cambridge, Massachusetts, United
States) served to determine the binding sites
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between miR-1283 and the 3’'UTR of GADD45A.
The wild- or mutant-type of GADD45A 3’'UTR,
known as Wt-GADD45A or Mut-GADD45A,
were generated and inserted into the pmiR-RB-
-REPORT plasmids (Invitrogen). Those plas-
mids were cotransfected with a miR-1283 mim-
ic/inhibitor/NC using the Lipofectamine 3000
reagent (Invitrogen). After 48-hour trans-
fection, luciferase activity was tested using
the Dual-Luciferase Reporter Assay system
(Promega, Madison, Wisconsin, United States).

Western blot The radioimmunoprecipitation

assay buffer containing a proteinase inhibitor
was used to extract proteins from cells according

to the manufacturer’s protocol. Samples (20 pg)

were separated by 10% sodium dodecyl sulfate—
polyacrylamide gel electrophoresis and then

transferred onto polyvinylidene fluoride mem-
branes. Next, these membranes were blocked in

5% skim milk for an hour and incubated with pri-
mary antibodies at 4 °C for 16 hours and second-
ary antibodies for an hour. Enhanced Chemilumi-
nescence Plus with a bioimaging system (Invitro-
gen) was used to visualize the immunoreactive

protein bands, which were quantified by the Im-
ageJ 1.44 software (National Institutes of Health,
Bethesda, Maryland, United States). The follow-
ing antibodies were employed in this study: anti-
-GADD45A (1:1000, AF6954), anti-p38 MAPK
(1:1000, AF7668), anti-phospho-p38 MAPK
(1:1000, AF5884), anti-JNK (1:1000, AJ518), anti-
phospho-JNK (1:1000, AF5860), anti-GAPDH

(1:1000, AF1186), and anti-rabbit horseradish per-
oxidase—conjugated secondary antibodies (1:1000,
A0208). The same membranes were stripped in

a stripping buffer (P0025N, Beyotime, Jiangsu,
China) for 15 minutes at room temperature and

reprobed with an anti-GAPDH antibody used as

a loading control. All these antibodies were ac-
quired from Beyotime Biotechnology.

Statistical analysis Data were expressed as
mean (SD). All experiments were performed in
triplicate. Normal distribution testing was per-
formed with the Kolmogorov-Smirnov test be-
fore comparing the study groups. The t test was
used to compare double groups, while multiple
comparison was determined by 1-way analysis
of variance followed by the Dunnett or Bonfer-
roni post hoc test. All statistical analyses were
performed using the GEOquery package of the
R 3.6.0 software (R core team, Auckland, New
Zealand) and the GraphPad Prism 6.0 software
(La Jolla, California, United States). A P value
less than 0.05 was considered significant.

RESULTS Identification of GADD45A and
miR-1283 in myocardial ischemia Initial-
ly, a total of 409 genes were identified to be
differentially expressed based on the cutoff
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FIGURE 1  Upregulation of GADD454 and downregulation of microRNA 1283 (miR-1283) in myocardial infarction: A — expression of GADD454 in myocardial

infarction samples and normal control samples (data from GSE66360); B — expression of miR-1283 in myocardial infarction samples and normal control samples
(data from GSE61741); C - expression of miR-1283 in cardiomyocytes, measured by real-time quantitative polymerase chain reaction after hypoxia/reoxygenation
(H/R) treatment. The double asterisk indicates P <0.01.
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criteria of the adjusted P value less than 0.05
and the absolute log,FC greater than or equal
to 1 from the GSE66360 AMI dataset, of which
323 were upregulated and 86 were downregu-
lated (Supplementary material, Table S1). Then,
the GSEA analysis of those 409 DEGs revealed
that the DEGs were remarkably enriched in 42
meaningful signaling pathways (Supplemen-
tary material, Table S2). Those signaling path-
ways were ranked using the normalized enrich-
ment score and the MAPK signaling pathway
ranked first with a normalized enrichment score
of 1.97 (Supplementary material, Table S2 and
Figure S1A). Moreover, 48 DEGs were annotated
to the MAPK signaling pathway (Supplementa-
ry material, Table S3). Furthermore, 13 overlap-
ping genes were obtained between the 323 up-
regulated genes and 48 MAPK-related genes, in-
cluding IL1R2, IL1B, FOS, CD14, DDIT3, MAP3KS,
JUN, GADD45A, GADD45p, TNE, DUSP4, DUSPS,
DUSP1 (Supplementary material, Figure S1B).
Due to the limited literature on GADD45A in
MI and the upregulation of GADD45A report-
ed in heart failure,"* GADD45A was selected as
the research target, and its high expression in
AMI compared with normal control (P <0.01) is
presented in FIGURE1A.

The TargetScan software was used to predict
the upstream microRNAs that could bind to
the 3° UTR of GADD45A and 189 microRNAs
were obtained. According to the GSE61741 da-
taset, 85 upregulated and 52 downregulated mi-
croRNAs were acquired (Supplementary materi-
al, Table S4). Those downregulated microRNAs
and the predicted 189 microRNAs were analyzed
by the Venn diagram (Supplementary material,
Figure SI1C) and 4 microRNAs were intersect-
ed, namely hsa-miR-524-5p, hsa-miR-520d-5p,
hsa-miR-1283, and hsa-miR-518a-5p. Based on
the rankings by log,FC values and the status
of the published reports, hsa-miR-1283 was
selected for further analysis. The downregu-
lation of miR-1283 in MI compared with nor-
mal control (P <0.01) is shown in FIGURE 18 and in
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Supplementary material (Table S4). An in vitro
MI model was established using human embry-
onic cardiomyocytes treated with H/R. As ex-
pected, miR-1283 was notably downregulated in
the H/R group compared with the sham group
(P <0.01; FiGure 10), which suggested that miR-1283
might participate in the progression of cardio-
myocytes under H/R conditions.

MicroRNA 1283 promotes proliferation and in-
hibits apoptosis in cardiomyocytes after hy-
poxia/reoxygenation treatment The CCK-8

assays revealed that H/R reduced cell viability

compared with the sham group (P <0.01; Sup-
plementary material, Figure S2A) at 48- and

72-hour timepoints. Importantly, compared with

the H/R group or H/R + NC group, a miR-1283

mimic notably enhanced cardiomyocyte viability

after stimulation by H/R, whereas a miR-1283

inhibitor decreased cell viability following H/R
treatment (P <0.05; Supplementary material,
Figure S2A). Of note, due to the lack of differ-
ence between H/R and H/R + NC groups in

terms of cell proliferation, the H/R blank was

used as control in the following experiments to

determine the effects of a miR-1283 mimic/in-
hibitor on cell apoptosis after H/R treatment.
The data obtained with the use of flow cytome-
try assays revealed that the percentage of apop-
tosis was remarkably elevated in H/R-damaged

cardiomyocytes compared with the sham con-
trol (P <0.01; Supplementary material, Figure

S2B and S2C), and the increased cell apoptot-
ic capacity was notably reinforced by miR-1283

inhibitor transfection (P <0.01; Supplementa-
ry material, Figure S2B and S2C) yet reversed

by miR-1283 mimic transfection (P <0.01; Sup-
plementary material, Figure S2B and S2C). Thus,
we deduced that the increase in cell activity in-
duced by miR-1283 may be partially attributed

to the reduction in apoptosis under H/R condi-
tions. Altogether, the abovementioned data im-
plied that miR-1283 can ameliorate cardiomyo-
cyte injury induced by H/R.
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FIGURE 2 The potential binding sites between microRNA 1283 (miR-1283) and GADD45A were
determined with the use of the TargetScan software. The luciferase reporter activity of pmiR-RB-
-REPORT plasmids carrying Wt-GADD454 and Mut-GADD45A transfected with negative control
(NC) and a miR-1283 mimic or inhibitor were measured using luciferase reporter assays. The
double asterisk indicates P <0.01.

Abbreviations: NC, negative control; UTR, untranslated region

MicroRNA 1283 directly targets GADD45A
and negatively regulates its expression in
cardiomyocytes The potential binding sites
between miR-1283 and GADD45A are present-
ed in FIGURE2. The results shown in FIGuRe2 indicat-
ed that the luciferase activity of the pmiR-RB-
-REPORT plasmid carrying Wt-GADD45A was
remarkably inhibited in the miR-1283 mimic
group and elevated in the miR-1283 inhibitor
group compared with the NC group (P <0.01),
whereas that of the pmiR-RB-REPORT plas-
mid carrying Mut-GADD45A was not changed
either in the miR-1283 mimic group or the in-
hibitor group, which suggested that miR-1283
targeted GADD45A by binding to its 3° UTR se-
quence. Furthermore, data from real-time qPCR
and Western blot analyses revealed that mRNA
and the protein level of GADD45A in cardiomy-
ocytes were reduced or enhanced after trans-
fection with si-GADD45A or pcDNA3.1-GAD-
D45A, respectively, compared with the appro-
priate control (P <0.01; Supplementary mate-
rial, Figure S3A-S3E). Moreover, a miR-1283
mimic/inhibitor notably inhibited or elevat-
ed the expression of GADD45A, respective-
ly, at both mRNA and protein levels, while
both the upregulation and downregulation of
miR-1283 and GADD45A in cardiomyocytes
could attenuate that reduction or elevation,
respectively (P <0.01; Supplementary material,

Figure S3A-S3E). To sum up, all these data dem-
onstrated that GADD45A acts as a downstream
target gene of miR-1283.

GADD45A contributes to the effect of
microRNA 1283 on hypoxia/reoxygenation-
-induced cell viability and apoptosis
Compared with the NC group, GADD45A-
-knockdown led to an increase in the optical
density values and resulted in a notable decrease
in the apoptotic rate after H/R damage in car-
diomyocytes (P <0.05; FIGURE38 and 3D; Supplemen-
tary material, Figure S4B). On the other hand,
the optical density values were considerably de-
creased, whereas the apoptotic rate rose in car-
diomyocytes transfected with pcDNA3.1-GAD-
D45A under H/R conditions (P <0.05; FIGURE 3A
and 3¢; Supplementary material, Figure S4A).
Thus, the knockdown of GADD45A might mit-
igate cardiomyocyte injury derived from H/R.
To verify whether GADD45A is involved in the
effects of miR-1283 on proliferation and apopto-
sis, rescue CCK-8 and flow cytometry analyses
were implemented. Surprisingly, under H/R con-
ditions, the increase or decrease in cardiomyocyte
proliferation or apoptosis, caused by a miR-1283
mimic, could be, at least partially, reversed by
the introduction of pcDNA3.1-GADD45A (P <0.05;
FIGURE3A and 3¢; Supplementary material, Figure
S4A). On the contrary, miR-1283 inhibitor-in-
duced reduction of cell proliferation and enhance-
ment of cell apoptosis were reversed by GADD45A
knockdown after H/R treatment (P <0.01; FIGURE3B
and 3p; Supplementary material, Figure S4B). In
short, these data implied that GADD45A blocks
the protective effects of miR-1283 in cardiomy-
ocytes during H/R-induced injury.

The microRNA 1283-GADD45A axis mediates
cardiomyocyte injury induced by hypox-
ia/reoxygenation through the JNK and p38
MAPK signaling pathways Initially, GSEA
showed that the MAPK signaling pathway was
upregulated in AMI according to the gene ex-
pression profile. Moreover, GADD45A was sig-
nificantly related to that pathway. Thus, we
performed Western blot analysis to determine
the effects of the miR-1283-GADD45A axis
on the MAPK signaling pathway in cardiomy-
ocytes after H/R treatment. The results dem-
onstrated that the protein levels of phospho-
-p38 MAPK and phospho-JNK were reduced or
elevated by a miR-1283 mimic or inhibitor, re-
spectively, compared with the appropriate NC
group under H/R conditions (P <0.01; FIGURE 4A
and 48). However, the over- or underexpres-
sion of GADD45A in cardiomyocytes follow-
ing H/R treatment caused enhancement or
decrement, respectively, on the protein levels
of those 2 markers compared with the appro-
priate H/R + NC group (P <0.01; FIGURe 4A and 48).
Notably, the decrease or increase in the protein
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FIGURE 3  Effect of the microRNA 1283 (miR-1283)-GADD45A axis on cardiomyocyte proliferation and apoptosis in hypoxia / reoxygenation (H/R) models:
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hours. C, D - cell apoptosis was determined by flow cytometry in each group under H/R conditions. The asterisk indicates P <0.05, and the double asterisk, P <0.01.
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levels of phospho-p38 MAPK and phospho-
-JNK caused by a miR-1283 mimic or inhibitor,
respectively, can be abrogated by cotransfec-
tion with pcDNA3.1-GADD45A / si-GADD45A
in H/R-treated cells (P <0.01; FiGURE 44 and 4B).
Interestingly, no obvious changes were ob-
served on the protein levels of p38 MAPK and
JNK in all groups. Thus, we inferred that the
miR-1283-GADD45A axis represses the JNK
and p38 MAPK signaling pathways to exert
its protective role in H/R-induced cardiomyo-
cyte injury.

DISCUSSION A growing body of evidence has
demonstrated that numerous microRNAs exert
a cardioprotective effect, which indicates that
they play a pivotal role in MI/RI.®"" It has been

KARDIOLOGIA POLSKA  2021; 79 (2)

proposed that miR-1283 participated in the de-
velopment of multiple diseases. For example, miR-
1283 introduction remarkably suppressed glio-
ma cell proliferation and invasion." Inhibition of
miR-1283 promoted vascular endothelial cell inju-
ry by targeting activating transcription factor 4.
Additionally, it may be involved in essential hy-
pertension.”’ However, the role of miR-1283 with
respect to its function in protecting against isch-
emic injury has not been reported yet. The present
study is the first to reveal that the introduction of
miR-1283 increased cell viability and suppressed
apoptosis, whereas the inhibition of miR-1283
yielded the opposite outcomes, which suggests
that miR-1283 contributes to protecting cardio-
myocytes against H/R-related injury.
MicroRNAs are involved in the regulation of
vital activity by binding to the 3’ UTR of several
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examine the levels of relative protein in the MAPK signaling pathway in each group. Protein levels are in the left panels, and their quantification, normalized to the
GAPDH level, is presented on the right. The double asterisk indicates P <0.01.
Abbreviations: H/R, hypoxia / reoxygenation; others, see FIGURE 2

targets.?' In this study, GADD45A was identified
to be a downstream target of miR-1283 and was
upregulated in MI. Of note, the regulatory rela-
tionship between miR-1283 and GADD45A was
first revealed in this report. As the first member
of the GADD45 family, which is a known group
of stress sensors, GADD45A plays a crucial reg-
ulatory role in various cellular functions such as
DNA repair, cell cycle regulation and senescence,
and genotoxic stress response.’? Also, numer-
ous studies have demonstrated that GADD45A
is associated with the malignant biologic behav-
ior of some tumors, including pancreatic, breast,
and esophageal cancers.”*?¢ In cardiac disease,
GADD45A, as a target gene of miR-148b-3p,
was upregulated in patients with heart failure
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with mitral regurgitation compared with nor-
mal controls." However, studies have rarely in-
vestigated the activity of GADD45A in cardio-
myocyte injury, especially its regulatory rela-
tionship with the other upstream microRNAs.

As a p53 target gene, GADD45A is activated
by p53 in response to cellular DNA damage.?’?¢
Activated GADD45A regulates cell cycle arrest
and DNA damage repair and induces apopto-
sis.?? In this report based on the public GEO da-
tabase, GADD45A was highly expressed in tis-
sues affected by AMI, so we inferred that GAD-
D45A may play a role in MI/RI. In fact, we also
observed that GADD45A exerted antiprolifera-
tive and proapoptotic effects on H/R-damaged
cardiomyocytes, which indicated that GADD45A
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knockdown may be helpful in protecting cardio-
myocytes against reperfusion injury.

MAPK signaling pathway-related proteins can
be activated by ischemia/ reperfusion (I/R) and
may play crucial roles in the evolution of isch-
emic injury.’’ As a key member of the MAPK sig-
naling pathway, p38 MAPK is a significant player
in inflammation, tumor development, I/R organ
injury, myocardial remodeling, etc.3' Numerous
studies have shown that p38 MAPK is involved
in myocardial cell apoptosis, which mainly oc-
curs during reperfusion and constitutes one of
the main causes of myocardial injury.?>33 A study
demonstrated that excessive reactive oxygen
species were formed at an early stage of reper-
fusion, which activated p38 MAPK and eventu-
ally led to myocardial cell apoptosis.?* Besides,
another member of the MAPK family, JNK, is
amajor signal transduction molecule in cells. In
the postinjury stress response, JNK can induce
apoptosis and is closely related to cell prolifera-
tion.* A report has shown that the JNK signal
transduction pathway is closely linked to MI.%¢
Regarding MI/RI, some studies found that ac-
tivated JNK could be detected within 10 min-
utes after injury, which suggests that JNK may
play a role at an early stage of injury.’’ Our find-
ings demonstrated that the protective effect of
the miR-1283-GADD45A axis on cardiomyocytes
treated by H/R was achieved through regulat-
ing the INK and p38 MAPK signaling pathways.

Limitations Several limitations of this study
need to be acknowledged. First of all, our find-
ings were based on individual cell lines and it
would be of value to reproduce the results on
a different clone of cells. Second, this work was
a foundational study examining the function-
al role of the miR-1283-GADD45A axis in hu-
man embryonic cardiomyocytes. It would be
more persuasive to use an internal system clos-
er to human MI. Third, in our view, the miR-
1283-GADD45A axis may be strongly correlat-
ed with ERK, which is an important factor of
the MAPK signaling pathway. Another study
has also documented that GADD45A was up-
regulated by the MAPK-ERK pathway follow-
ing cisplatin treatment for human melano-
ma.?® Further analysis including ERK needs
to be considered.

Conclusions The current report revealed that
miR-1283 could protect cardiomyocytes against
H/R damage through targeting GADD45A by
regulating the JNK and p38 MAPK signaling
pathways, which was manifested in enhanc-
ing cell viability and reducing apoptosis. These
findings will help us to find more effective ways
to protect myocardial cells against I/ R injury.
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