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Abstract

This study aims to explore the mechanism underlying miR-142-3p regulating myocardial injury induced by coronary micro-
embolization (CME) through ATXNIL. miR-142-3p overexpression or ATXN1L knockout adenovirus vectors were injected
into rats before CME treatment. Cardiac functions were examined by echocardiography, and pathologies of myocardial tis-
sues were assessed. Then, serum cTnl and IL-1p contents and concentrations of IL-1f and IL-18 in cell supernatant were
measured. Immunofluorescence determined the localization of histone deacetylase 3 (HDACS3). The interaction between
miR-142-3p and ATXNIL as well as the binding between HDAC3 and histone 3 (H3) was identified. The binding of
ATXNI1L and HDAC3 to NOL3 promoter was verified using ChIP. The levels of ATXNI1L, NOL3, and miR-142-3p as well
as apoptosis- and pyroptosis-related proteins and acetyl-histone 3 (ac-H3) were evaluated. CME treatment impaired the car-
diac functions in rats and increased cTnl content. CME rats showed microinfarction foci in myocardial tissues. After CME
treatment, miR-142-3p and NOL3 were modestly expressed while ATXNI1L content was elevated, in addition to increases
in apoptosis and pyroptosis. miR-142-3p overexpression or ATXN1L knockout alleviated CME-induced myocardial injury,
cardiomyocyte apoptosis, and pyroptosis in myocardial tissues. miR-142-3p regulated ATXN1L expression in a targeted
manner. In the cellular context, miR-142-3p overexpression attenuated apoptosis and pyroptosis in cardiomyocytes, which
was partly counteracted by ATXNIL overexpression. ATXNIL functioned on cardiomyocytes by promoting deacetylation
of H3 through HDAC3 and thus inhibited NOL3 expression. Inhibition of HDAC3 or overexpression of NOL3 ameliorated
the promotive effects of ATXNIL on cardiomyocyte apoptosis and pyroptosis. In vivo and in vitro evidence in this study
supported that miR-142-3p could attenuate CME-induced myocardial injury via ATXN1L/HDAC3/NOLS3.

Highlights

e CME model witnessed aberrant expression of miR-142-3p, ATXNIL, and NOL3;

miR-142-3p negatively regulated ATXNIL;

miR-142-3p mediated CME-induced myocardial injury through ATXNI1L;

ATXNIL promoted deacetylation of H3 through HDAC3 and thus inhibited NOL3 expression;
ATXNIL acted on cardiomyocyte apoptosis and pyroptosis through HDAC3/NOL3 axis.
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Introduction

Coronary microembolization (CME), caused by the spon-
taneous rupture of a susceptible coronary atherosclerotic
plaque or by percutaneous coronary intervention (PCI) [1],
could induce slow flow or no-reflow phenomenon, leading
to myocardial infarction, contractile dysfunction, malignant
arrhythmias, and even sudden cardiac death [2]. Growing
evidence corroborated that inflammatory response and apop-
tosis are two pathological events involved in CME-induced
myocardial injury and progressive cardiac dysfunction
[3-5]. Apart from apoptosis, pyroptosis, an important type
of programmed cell death accompanied by inflammatory
responses, also occurs in the pathogenesis of cardiovascular
diseases, such as myocardial infarction and atherosclerosis
[6]. It is reasonable to believe that interventions which atten-
uate myocardial apoptosis and pyroptosis could be cardio-
protective for CME-related cardiac dysfunction.

MicroRNAs (miRNAs) are noncoding RNAs with a
length of 19 to 25 nucleotides that hold great significance
for translational inhibition or the degradation of messenger
RNA (mRNA) at the posttranscriptional level and are capa-
ble of affecting a variety of pathophysiological processes [7].
Previously, we identified the differentially expressed miR-
NAs in myocardial tissues of CME pigs by using miRNA
chip analysis and found the expression of miR-142-3p and
miR-136-5p was downregulated most significantly [8]. miR-
142-3p has been demonstrated to serve, in part, as an anti-
apoptotic gene in hypoxia/reoxygenation-induced cardio-
myocytes [9]. More importantly, our preliminary work has
demonstrated that overexpression of miR-142-3p mitigated
CME-induced myocardial injury and inflammation response
[10], yet the mechanisms behind miR-142-3p alleviating
CME-induced myocardial injury remain obscure. ATXN1L
is a member of the Ataxin protein family and shares an
ATXMI1 and HMG-box protein 1 (AXH) domain required
for interaction with Capicua [11], and ATXNIL has been
regarded as a regulator of hematopoietic stem cell function
[12]. However, whether miR-142-3p mediates ATXNIL in
CME is still unavailable.

Herein, this study used a CME rat model to explore the
potential action mechanism of miR-142-3p in myocardial
injury in vivo. LPS and ATP have been commonly used
to induce inflammatory responses and pyroptosis in cells
[13—15], and this study thereby established oxygen—glucose
deprivation (OGD) and lipopolysaccharide (LPS) models
in primary cardiomyocytes to identify the role of miR-
142-3p in apoptosis and pyroptosis. More importantly, this
study manifested the interactions between miR-142-3p and
ATXNI1L, providing an insight for treating CME-induced
myocardial injury.
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Materials and methods
A CME rat model

Healthy Sprague—Dawley (SD) rats (200~250 g) provided
by SPF (Beijing) Biotechnology Co. were anesthetized
with 50 mg/kg ketamine and 10 mg/kg xylazine by intra-
peritoneal injection. Then, the animals were subjected to
tracheotomy after skin antisepsis and ventilated with an
animal ventilator with a respiratory rate of 60~70/min
and a tidal volume of 50 ml. The thoracotomy was per-
formed to expose the heart, and the fat pad was separated
to isolate the ascending aorta. A total of 0.1 ml microem-
bolization spheres (3 x 10*/ml, approximate 3000 micro-
spheres) were suctioned and mixed before being infused
into the left ventricle at the cardiac apex, and the aortic
root was ligated for 15 s. The sternum was closed after the
recovery of heart rate and respiration, and the ventilator
was removed following the recovery of autonomous res-
piration. All experiments were ratified by Guilin Medical
University and conducted per the guidance for the care and
use of laboratory animals issued by the National Institutes
of Health. All efforts had been made to minimize pain in
animals.

The rats were randomly divided into sham, CME,
CME + AAV-miR-NC, CME + AAV-miR-142-3p or
CME + ATXNIL KO groups (n = 10 per group). Rats
in the CME group were treated as described above. The
sham-operated rats were administrated with an equal dose
of normal saline. In the CME + AAV-miR-NC group or
CME + AAV-miR-142-3p group, rats were intravenously
injected in tails with AAV-miR-NC or AAV-miR-142-3p
(1 x 10" vector genomes; Hanbio Biotechnology, Shang-
hai, China) four weeks before the establishment of the
CME rat model. Rats in the CME + ATXNI1L KO group
were intravenously injected with ATXNI1L knockout
adenovirus vectors in tails four weeks before the estab-
lishment of the CME rat model.

Evaluation of cardiac functions by echocardiography

An ultrasonic cardiograph (Philips sonos 7500) equipped
with a 10-MHz transducer was used to detect left ventricular
ejection fraction (LVEF), left ventricular end diastolic diam-
eter (LVEDA), left ventricular fraction shortening (LVFS),
and cardiac output (CO) at 0, 3, 6, 12, and 24 h after mode-
ling. After anesthesia, echocardiography with the modalities
of two-dimensional and M-mode imaging was conducted
from parasternal long-axis view and apical four chamber and
two chamber views to assess end-diastolic volume (EDV)
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and end-systolic volume (ESV) of left ventricle as well as
LVEDd and left ventricular end systolic diameter (LVEDs).
LVEF and FS were calculated as follows: LVEF (%) = (EDV
—ESV)/EDV x 100; FS (%) = (LVEDd — LVEDs)/ LVEDd
x 100. All values were obtained by averaging the meas-
urements from three cardiac cycles. All echocardiographic
detections were performed by experienced specialist doctors
who were blind to the grouping of this study. After the last
time of the echocardiography, the rats were anesthetized and
euthanized, and immediately, blood samples were collected
and the heart was obtained for following experiments.

Quantification of white blood cells in blood samples

The number of white blood cells in the blood samples was
evaluated by a Beckman Coulter LH 750 hematology ana-
lyzer (Beckman Coulter, Miami, FL, USA).

ELISA

ELISA kits (R&D, USA) were used to evaluate cardiac tro-
ponin I (¢cTnl) and IL-1p levels in rat serum and IL-1f and
IL-18 contents in the supernatant of cardiomyocytes.

Hematoxylin-eosin staining

The heart was isolated and sectioned parallel to the atrioven-
tricular groove into 7 to 9 pieces (5 to 8 mm thick). Five pieces
of the ventricular anterior wall (50~100 mg) were frozen in lig-
uid nitrogen and retained in a refrigerator at — 80 °C to detect
gene and protein expression levels. The rest of the myocardial
tissues were used to prepare paraffin sections and the sections
were fixed by 4% paraformaldehyde for 12 h prior to paraf-
fin embedding. The tissues were further sliced along the left
ventricular long-axis into 4-pum-thick sections. After that, the
sections were dewaxed with alcohol into distilled water and
subjected to hematoxylin staining for 9 min. Then, the sections
were differentiated by 0.7% hydrochloric acid alcohol for 15 s
and washed three times with flowing water. The sections were
immersed in distilled water for 15 s until the nuclei turned
blue and washed by flowing water. Alcoholic eosin staining
was performed for 1 min before the sections were washed by
tap water. After dehydration in absolute alcohol and sealing by
neutral balsam, the sections were viewed under a microscope
to assess the morphology of the myocardial tissues.

Masson staining

The paraffin sections of the myocardial tissues were dewaxed
before Weigert’s iron hematoxylin staining for 5 min. Then,
the sections were differentiated in hydrochloric acid alcohol,
followed by washing in running water. After that, the sections
were treated by acid fuchsin for 5 min before further treatment

with phosphomolybdic acid hydrate for 3 min, counterstaining
with toluidine blue for 5 min, and glacial acetic acid treat-
ment for 1 min. The sections were conventionally dehydrated,
transparent and sealed for observation under a microscope.

TUNEL staining

The paraffin sections of the myocardial tissues from the
myocardial infarction border zone were washed with xylene
for 5 min and rinsed successively in 100%, 95%, 90%, 80%,
and 70% alcohol for 3 min each, followed by washing twice
in PBS. The myocardial tissues were cultured with protein-
ase K for 30 min and permeabilized at 21-37 °C for 8 min.
Cardiomyocytes were fixed with methyl aldehyde for 15 min
and centrifuged at 4 °C and 1500 rpm for 5 min, after which
the cells were washed twice with PBS. The supernatant was
abandoned, and the cell pellet was fixed with 70% ice-cold
alcohol for 15 min and centrifuged at 4 °C and 1500 rpm
for 5 min. After washing twice in PBS, the supernatant was
discarded, and the cells were incubated with 2 pl TdT and 48
pl biotin-labeled or Cy3 fluorescence probe-labeled dUTP
(Beyotime, Shanghai, China) in a dark and wet box for 1
h. After washing three times with PBS, the sections were
sealed with anti-fade mounting medium and observed under
a fluorescence or an optical microscope. The nuclei were
dyed by DAPI. TUNEL-positive cells (%) = the number of
brown or red cells/the number of total cells X 100%.

Observation of myocardial ultrastructure
by transmission electron microscope

The ventricular myocardium was collected from the left ven-
tricular free wall by a double-edged blade (the tissues of each
group were collected from the myocardial infarction border
zone) and then sliced into 1-mm? pieces. Then, the pieces
were fixed with glutaraldehyde phosphate buffer at 4 °C for
24 h and subjected to dehydration, embedding, and staining.
Afterwards, the tissues were prepared into 50- to 70-nm-thick
sections before the observation of the myocardial ultrastruc-
ture by a transmission electron microscope (TEM).

Immunohistochemistry

The prepared sections were immersed in EDTA buffer (pH
= 9.0) for antigen retrieval and heated in a boiling water
bath for 10 min. After natural cooling, the sections were
rinsed three times with PBS and incubated with 3% hydro-
gen peroxide solution for 10 min to inhibit the generation
of endogenous peroxidases. The sections were blocked
with serum for 30 min and incubated with 50 pl blocking
solution-configured primary antibodies against caspase-1
(ab74279, 1:50, Abcam, CA, USA) and IL-1p (ab2105,
1:100, Abcam, CA, USA) at 4 °C overnight. After rinsing
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three times in PBS, the sections were incubated with sec-
ondary antibody at room temperature for 0.5 h, after which
the sections were rinsed three times with PBS and devel-
oped in DAB. After being stained with hematoxylin for 3
min and differentiated with 1% hydrochloric acid alcohol
for 1~3 s, the sections were washed with flowing water and
treated with 0.6% ammonium hydroxide. The sections were
subjected to dehydration in gradient alcohol, permeabiliza-
tion by xylene, and sealing by neutral balsam. An optical
microscope was used to observe and analyze the expression
of caspase-1 and IL-1p in the rat myocardial tissues.

Primary rat cardiomyocytes

Primary cardiomyocytes were isolated from neonatal SD
rats within 24 h of their birth. The neonatal rats were anes-
thetized and sacrificed by cervical dislocation. After the
chest was sterilized, the hearts were isolated and placed in
PBS to remove atrial tissues. The retained ventricular tis-
sues were cut into 1-mm? pieces and preserved in a dried
vial containing penicillin and then disassociated using a
water bath with collagenase and 0.08% neutral proteinase
(Roche, Penzberg, Upper Bavaria, Germany) at 37 °C for
5 min, after which the cell supernatant was removed. The
cell suspension was filtered twice (for 3~5 min each) to
avoid biggish fragments of tissues. The digestion was ter-
minated by addition of 5 ml DMEM (Thermo, Waltham,
MA, USA) containing 10% fetal bovine serum (FBS). The
isolated cardiomyocytes were centrifuged at 1500 rpm for
5 min and the supernatant was discarded. After that, the
isolated cardiomyocytes were resuspended in 10% FBS-
supplemented DMEM and centrifuged at 1500 rpm for 5
min, and the supernatant was then removed, after which the
aforesaid procedures were repeated once. The cells were
pre-incubated for 2 h and purified by differential adhesion
method to remove fibroblasts and endothelial cells. Non-
adherent cells were collected and seeded in 6-well plates
containing 10% FBS-supplemented DMEM. Thereafter, the
cells were incubated at 37 °C with 5% CO, and the medium
was replaced after 24 h, during which the cell growth was
assessed to avoid contamination. After that, the medium
was replaced in 1~2 days according to the cell growth. For
3~4 days, if spontaneously beating cells were observed,
the cells could be digested and seeded into culture plates
for later use. The morphology of the cardiomyocytes was
visualized under an inverted microscope.

Detection of the purity of cardiomyocytes
The purity of cardiomyocytes was detected by immunofluo-
rescence. After cell culture for 48 h, the slides of cardio-

myocytes were washed slightly with PBS, fixed with ice-
cold 75% alcohol for 15 min, and washed three times with
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PBS, followed by incubation with 0.3% Triton X-100 for
30 min. The cardiomyocytes were washed three times with
PBS and sealed with goat serum at room temperature for 60
min. Afterwards, the cardiomyocytes were incubated with
rabbit anti-rat cTnl polyclonal antibody (ab155047, 1:200,
Abcam, Cambridge, MA, USA) or PBS (as the negative
control) at 4 °C overnight and supplemented with Alexa
Fluor 488-conjugated goat anti-rabbit IgG (ab150077,
1:100, Abcam) for 1-h incubation after being washed three
times with PBS. DAPI was used to stain the nuclei for 10
min before washing three times with PBS. After sealing
with anti-fade mounting medium, the purity of the cardio-
myocytes was evaluated by an inverted microscope.

Cell transfection and grouping

Primary cardiomyocytes were incubated in vitro and randomly
grouped into Blank, OGD, LPS (inflammation model), OGD
+ ATXNIL KO, LPS + ATXN1L KO, OGD + miR-142-3p,
LPS + miR-142-3p, OGD + ATXNIL-OV + miR-142-3p,
LPS + ATXNI1L-OV + miR-142-3p, OGD + ATXN1L-OV,
LPS + ATXNIL-OV, OGD + ATXNIL-OV + histone dea-
cetylase (HDAC3)-in, LPS + ATXNI1L-OV + HDAC3-in,
OGD + NOL3-0V, LPS + NOL3-0V, OGD + ATXNI1L-OV
+ NOL3-0V, and LPS + ATXN1L-OV + NOL3-OV groups.

Blank group was used as blank control. Cardiomyocytes
in the OGD group were cultured in low glucose medium
under a hypoxic condition (2% O,, 5% CO,, and 93% N,) for
12 h and then maintained in normal medium and normoxic
atmosphere (5% O,, 20% CO,, and 75% N,) for 12 h. Car-
diomyocytes in the LPS group were treated with LPS (1 pg/
ml) for 4 h and ATP (5 mM) for 30 min. Cells in the OGD
+ ATXNIL KO, LPS + ATXNIL KO, OGD + ATXNI1L-
OV, and LPS + ATXNI1L-OV groups were transfected with
ATXNIL knockout plasmid (ATXN1L KO) or ATXNIL
overexpression plasmid (ATXNIL OV) (Shanghai GeneP-
harma Co., Ltd., Shanghai, China) and then treated with
OGD or LPS plus ATP. Cells in the OGD + miR-142-3p
and LPS + miR-142-3p groups were transfected with miR-
142-3p mimic (Shanghai GenePharma Co., Ltd., Shanghai,
China) before OGD or LPS plus ATP treatment. Cells in
the OGD + NOL3-OV and LPS + NOL3-OV groups were
transfected with NOL3 overexpression plasmid (NOL3-OV)
(Shanghai GenePharma Co., Ltd., Shanghai, China) prior
to OGD or LPS plus ATP treatment. The transfections were
performed using Lipofectamine 2000 (Thermo Fisher Sci-
entific, MA, USA) in line with the manufacturer’s protocols.

Dual luciferase reporter assay
The potential binding site between miR-142-3p and ATXNI1L

was predicted by DIANA and Starbase. The mutant-type
and wild-type sequences of the binding site were designed
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and then inserted into luciferase reporter vectors (pGL3-
Promoter). Accordingly, the vectors were separately named
as MT-ATXNI1L and WT-ATXNI1L. Then, the MT-ATXN1L
or WT-ATXNI1L was transfected with miR-142-3p mimic or
miR-142-3p inhibitor into cardiomyocytes. After 48 h, Firefly
and Renilla luciferase activities were examined by dual lucif-
erase reporter assay kit (Promega, Madison, USA). Renilla
luciferase activity was reviewed as the internal control, and
relative activity was defined as the ratio between Renilla lucif-
erase activity and Firefly luciferase activity.

RNA binding protein immunoprecipitation

The binding between miR-142-3p and ATXN1L was deter-
mined using an RNA binding protein immunoprecipitation
(RIP) kit (Merck Millipore, Billerica, MA, USA). In short,
the cells were lysed with an equal volume of lysis buffer on ice
for 5 min and centrifuged at 14,000 rpm and 4 °C for 10 min to
collect the supernatant. A part of the cell lysate was used as an
input, and the other part was co-immunoprecipitated with anti-
AGO?2 antibody (ab186733, 1:30; Abcam, CA, USA). Next,
50-pL magnetic beads were resuspended in RIP Wash Buffer
(100 pL), and mixed with 5 pg antibody to obtain the mag-
netic bead-antibody complex. The magnetic bead-antibody
complex was resuspended in RIP Wash Buffer (900 pL), and
incubated with the cell lysate (100 pL) at 4 °C overnight. The
eluted sample and input were detached by proteinase K, from
which the RNA was extracted. The expression of miR-142-3
and ATXNIL was examined by reverse transcription
quantitative polymerase chain reaction (RT-qPCR). IgG
(ab205718, Abcam, CA, USA) was regarded as the nega-
tive control.

Flow cytometry

The cardiomyocytes were washed twice with PBS before
trypsinization and centrifuged at 1000 rpm and room tem-
perature for 5 min, after which the supernatant was removed.
Following re-suspension with PBS, the cells were centrifuged
at 1000 rpm and room temperature for 5 min, and the super-
natant was removed. Ice-cold 1 X binding buffer (490 pl) at a
density of 10°~10%m] was applied to resuspend the cells, and
5 pl Annexin V-FITC and 5 pl PI were added and cultured
with the cardiomyocytes on ice in the dark for 10 min before
detection of cardiomyocyte apoptosis by flow cytometry.

Localization of HDAC3 by immunofluoresence

The density of the cardiomyocytes was adjusted to 1 x 10%
ml before the preparation of cell slides. ATXNI1L overex-
pression lentiviral vector was transfected into the cardio-
myocyte. When the confluence reached 60~80%, the cells
were washed three times with PBS for 5 min each and fixed

by 4% paraformaldehyde for 15 min, followed by washing
with PBS. Then, the cardiomyocytes were permeabilized
with 1% Triton X-100 dissolved by PBS for 2 min and then
rinsed three times with PBS for 5 min each, after which
the cells were sealed with 5% serum for 1 h and washed
with PBS. Next, the cardiomyocytes were incubated with
primary antibody against HDAC3 (39498, 1:100, Cell sign-
aling technology, MA, USA) at 4 °C overnight and Alexa
Fluor 647-1abeled secondary antibody (1:100) in the dark for
2 h. The nuclei were stained by DAPI (1:150), and the cells
were visualized under a fluorescent microscope.

Co-immunoprecipitation

The supernatant of cardiomyocytes (400 pl) was incubated
with ATXNIL antibody or IgG antibody (the negative con-
trol) at 4 °C overnight, and incubated with Protein G/A
beads at 4 °C for 3~5 h on a rotator. After the incubation,
the mixture was centrifuged at 4 °C and 1000 g for 5 min
to collect the bead-antibody-protein complexes. The com-
plexes were washed three times with washing buffer (50 mM
Tris—-HCL/pH 7.4, 100 Mm NaCL, 5 mM CaCL,, 5 mM
MgCL,, 0.1% Nonidet P-40) before resuspension with 1 X
SDS-PAGE loading buffer. The prepared protein samples
were heated in a metal bath at 100 °C for 5 min and sepa-
rated by 10% SDS-PAGE. Next, the protein was blotted onto
PVDF membranes, and the membranes were incubated with
primary antibodies for ATXNIL (ab241958, 1:100, Abcam,
CA, USA), HDAC3 (39498, 1:1000, Abcam, CA, USA), and
histone 3 (H3, ab1791, 1:1000, Abcam, CA, USA) and then
goat anti-rabbit IgG (1:5000, Beijing ComWin Biotech Co.,
Ltd., Beijing, China) before western blot analysis.

Chromatin immunoprecipitation

The binding of ATXN1L and HDAC3 with NOL3 promoter
was verified using a chromatin immunoprecipitation (ChIP)
kit (Millipore, Billerica, MA, USA). The crosslink between
DNA and protein was fixed for 30 min using formalde-
hyde, after which the DNA was isolated and sonicated into
200-1000 bp fragments. The fragment was incubated with
ATXNIL, HDAC3, or IgG antibody. The DNA fragment
pulled down was evaluated using qPCR.

RT-qPCR

After corresponding treatment, the cardiomyocytes were
dissolved in 1 ml Trizol (Thermo Fisher Scientific, MA,
USA), and total RNA was isolated in line with the based
on the user manual. Total RNA was quantified and reverse
transcribed. PCR reaction was conducted based on the pro-
tocols of fluorescent quantitative PCR kit (Takara, Dalian,
China) on the fluorescent quantitative PCR instrument
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ABI7500 (Applied Biosystems, Inc., Foster City, San
Francisco, CA, USA). The PCR reaction was initiated
with pre-denaturation at 95 °C for 10 min, followed by
40 cycles of denaturation at 95 °C for 10 s, annealing at
60 °C for 20 min, and extension at 72 °C for 34 s. RT-
gPCR analysis quantified the expression of miR-142-3p,
ATXNIL, and NOL3. All primer sequences (Table 1)
were synthesized by GENEWIZ, Inc. GAPDH and U6
were separately used to normalize mRNA and miRNA
expression levels. Data analysis was performed using
2~244C method [16], and the formula presented as AACt

= [Ct(largel gene)_Ct(internal gene)]experimental group_[Ct(largel gene)”

Ct(internal gene)]control group*

Western blot

The cardiomyocytes were washed three times in ice-cold
PBS before being lysed. After being placed on ice for 30
min, the lysate was centrifuged at 4 °C and 12,000 rpm
for 10 min. The supernatant was aliquoted into centrifuge
tubes (0.5 mL) and preserved at — 20 °C or quantified
by a BCA kit (Beyotime, Shanghai, China). The protein
was denatured with 6 X SDS loading buffer at 100 °C and
separated using SDS-PAGE. Ice-cold (4 °C) transfer buffer
was applied for membrane transfer for 1.5 h, and then the
membranes were sealed with TBST-configured 5% non-fat
milk powder for 1 h. TBST-configured primary antibod-
ies for NOL3 (ab126238, 1:1000), caspase-3 (ab13847,
1:500), cleaved-caspase-3 (ab2302, 1:500), GSDMD-
N (ab215203, 1:1000), caspase-1 (ab179515, 1:1000),
acetyl-histone 3 (ac-H3, ab4729, 1:1000) (Abcam,
CA, USA), p-actin (49708, 1:1000), caspase-8 (47908,
1:1000), cleaved-caspase-8 (8592S, 1:1000), NLRP3
(131588, 1:1000), and ASC (67824 T, 1:1000) (Cell Sign-
aling Technology, Boston, USA) were incubated with the
membranes at 4 °C overnight. After washing with TBST,

Table 1 Primer sequences of genes

Name of primer Sequences (5°-3”)

ATXNIL-F GGAAGCTGCTTGACCTGACT
ATXNIL-R AAGCCAGAGAAGCAGCAGAG
NOL3-F TCAGAGAGGCCAGTGTAGGG
NOL3-R CCAGAGTCAGCCTGCAATGT
miR-142-3p-F CTGGGTGTAGTGTTTCCTACTT
miR-142-3p-R TGGTGTCGTGGAGTCG
GAPDH-F GCATCTTCTTGTGCAGTGCC
GAPDH-R GATGGTGATGGGTTTCCCGT
U6-F CTCGCTTCGGCAGCACA

U6-R AACGCTTCACGAATTTGCGT

R, reverse; F, forward
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the membranes were incubated with goat anti-rabbit IgG
or goat anti-mouse IgG (1:5000, Beijing ComWin Bio-
tech Co., Ltd., Beijing, China) at room temperature for 2
h and washed with TBST before color development and
detection.

Statistical analysis

The data analysis was conducted using SPSS 18.0 (IBM
Corp., Armonk, NY, USA) and GraphPad Prism 6.0 (Graph-
Pad Software Inc.). All data were displayed as mean + stand-
ard deviation. 7T-test was applied for comparison between
two groups, and one-way analysis of variance was applied
to assess the differences among multiple groups. Linear rela-
tionship between two variables was produced by Pearson
correlation coefficient. A P value less than 0.5 was consid-
ered statistically significant.

Results

miR-142-3p overexpression alleviates CME-induced
myocardial injury

To disclose the action mechanism of miR-142-3p in CME-
induced myocardial injury, a CME rat model was estab-
lished. Based on the results of echocardiography, hema-
toxylin—eosin (H&E) staining, and Masson staining, the
CME-induced rats had decreased LVEF, LVES, and CO,
in addition to increased LVEDd, than sham-operated rats;
CME-induced rats had disordered myofiber, indistinct
cellular structure, a fraction of swollen cells, and more
microinfarction foci; relative to the sham-operated rats,
the CME-induced rats had elevated serum cTnl expression
and decreased miR-142-3p expression (Fig. 1A-I). These
findings indicated the successful establishment of the CME
rat model and that miR-142-3p expressed at a low level in
the model rats. Moreover, cardiomyocyte apoptosis was
enhanced in the model rats, concomitant with disordered
myocardial fiber structure, raptured cardiomyocytes, and
increased caspase-1 and IL-1f levels in myocardial tissues,
compared with the sham-operated rats (Fig. 1J-P). In addi-
tion, the number of white blood cells and IL-1f expression
in the blood of the model rats elevated significantly than
those in the sham-operated rats (Fig. 1Q—R). The above-
mentioned results suggested CME-induced cardiomyocyte
apoptosis and pyroptosis in rats.

To probe the impact of miR-142-3p on CME-induced
myocardial injury, the rats were intravenously injected
with miR-142-3p overexpression adenovirus vectors or the
negative control in tails before modeling, after which RT-
gPCR was performed to examine miR-142-3p expression.
As expected, miR-142-3p expression was increased in CME
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Fig. 1 miR-142-3p represses myocardial injury induced by CME.
miR-142-3p expression in myocardial tissues was assessed by RT-
qPCR (A); Echocardiography results for LVEF (B), CO (C), LVEDd
(D), and LVFS (E); H&E staining measured the pathologies of rat
myocardial tissues (F); Masson staining showed microinfarction foci
and myocardial injury in myocardial tissues (G); Quantitative analy-
sis for microinfarction size (H); Serum cTnl content was determined
by ELISA (I); Apoptosis of cardiomyocytes in myocardial tissues as
measured by TUNEL (J, K); Western blot analysis evaluated the lev-

+ AAV-miR-142-3p group relative to CME + AAV-miR-
NC group (Fig. 1A). Echocardiography results revealed that
CME + AAV-miR-142-3p group had substantial increases
in LVEF, LVFS, and CO and a decrease in LVEDd than
those in CME + AAV-miR-NC group (Fig. 1B-E). Com-
pared with CME + AAV-miR-NC group, CME + AAV-
miR-142-3p group showed alleviated myocardial injury, less
microinfarction foci, and decreased cTnl content, apoptosis
rate, cleaved caspase-3/8, and caspase-1 and IL-1p levels
(Fig. 1F-P). Moreover, the number of white blood cells and
IL-1p expression were declined in the rat blood of the CME
+ AAV-miR-142-3p group than those in CME + AAV-miR-
NC group (Fig. 1Q-R). Taken together, CME could elicit
cardiomyocyte apoptosis and pyroptosis in rats, which was
suppressed by miR-142-3p overexpression.
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els of cleaved caspase-3/8 (L); Ultrastructure of myocardial tissues by
TEM (M); Contents of caspase-1 (N) and IL-1p (O) in myocardial
tissues were detected by immunohistochemistry (P). The number of
white blood cells (Q) and IL-1p level in rat blood (R) were assessed.
N = 10. *P < 0.05, **P < 0.01, ***P < 0.001. CME, coronary
microembolization; LVEF, left ventricular ejection fraction; LVEDd,
left ventricular end diastolic diameter, LVFS, left ventricular frac-
tion shortening; CO, cardiac output; H&E, hematoxylin—eosin; TEM,
transmission electron microscope

ATXN1L is a direct target of miR-142-3p

To determine the mechanism of miR-142-3p in CME-
induced myocardial injury, we screened 10 potential tar-
get genes of both miR-142-3p and miR-136-5p, including
ankyrin repeat domain 11 (ANKRDI11), purine rich element
binding protein B (PURB), C5orf24, zinc finger protein 827
(ZNF827), ten-eleven translocation 3 (TET3), rich interac-
tive domain 5B (ARID5B), ATXN1L, basic nucleoprotein 2
(BNC2), hedgehog interaction protein (HHIP), and ZBTB20
using miRBase, TargetScan, StarBase, and miRanda. TET3,
ARIDS5B, ATXNI1L, BNC2, and HHIP were screened out
owing to their regulatory effect on gene expression. Among
these five genes, ARID5B had been reported in a previous
research, and miR-142-3p failed to target human HHIP,
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while TET3 and BNC2 were downregulated in myocardial
ischemia models. Therefore, ATXN1L was chosen for sub-
sequent experiments.

As shown by RT-gPCR and western blot, the mRNA and pro-
tein expression levels of ATXNIL were strengthened in CME
group relative to sham group, and ATXNI1L expression was
suppressed in CME + AAV-miR-142-3p group than in CME +
AAV-miR-NC group (Fig. 2A, B). Moreover, Pearson correla-
tion coefficient revealed that miR-142-3p expression was nega-
tively correlated with ATXN1L in the CME rat model (Fig. 2C).

Rat primary cardiomyocytes were isolated. After cell
cultures for 48 h, most of the isolated cells were adherent
and in round, fusiform or triangle shape, with spontaneous
pulsation and obvious three-dimensionality (Fig. 2D). After
cell culture for three days, immunofluorescence revealed that
over 97% of the cardiomyocytes expressed cTnl (Fig. 2E).
Next, we established an OGD model and an inflammation
model in cardiomyocytes. In OGD and LPS groups, miR-
142-3p expression was inhibited (Fig. 2F), and the mRNA
and protein levels of ATXNI1L were increased (Fig. 2G-H),
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Fig.2 miR-142-3p targets ATXNIL. RT-gPCR and western blot
examined the mRNA (A) and protein (B) expression levels of
ATXNIL, N = 10; Linear correlation between miR-142-3p and
ATXNIL was assessed by Pearson (C), N = 10; Morphology of pri-
mary rat cardiomyocytes after cell culture for 48 h (D), N = 3; c¢Tnl
content in cardiomyocytes as measured by immunofluorescence (E), N
= 3; In OGD- and LPS-treated cardiomyocytes, miR-142-3p (F) was
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compared to blank group. Dual luciferase reporter assay and
RIP test showed that miR-142-3p could bind to the 3'UTR
region of ATXNIL (Fig. 2I-J). These results indicated the
negative correlation between miR-142-3p and ATXNI1L and
that ATXNI1L was a target gene of miR-142-3p.

ATXN1L knockout exhibits an ameliorative effect
on CME-induced myocardial injury

Our previous results demonstrated that ATXNI1L expressed
at a high level in the myocardial tissues of CME-induced
rats, and therefore the study focused on the effects of
ATXNIL in CME-induced myocardial injury. ATXNIL
was knocked out in the rats using adenovirus vectors before
the CME rat model was established. As shown by RT-qPCR
and western blot, the mRNA and protein levels of ATXN1L
were significantly suppressed in the rat myocardial tissues
of CME + ATXNIL KO group than those in CME group
(Fig. 3A, B).

Echocardiography revealed increases in LVEF, LVFS, and
CO and a decrease in LVEDd in CME + ATXN1L KO group
relative to CME group (Fig. 3C-F). As shown by H&E and
Masson staining, in model rats, myofiber arranged disor-
deredly, and a fraction of cells were swollen, concurrent with
uneven staining in the cytoplasm, strengthened local eosino-
philic red staining, and microinfarction foci; while CME +
ATXNIL KO group showed attenuated myocardial injury
and less microinfarction foci (Fig. 3G, H). In addition, the
size of microinfarction foci was markedly reduced in CME +
ATXNI1L KO group (Fig. 3I). Moreover, CME + ATXNI1L
KO group showed decreased cTnl content, declined car-
diomyocyte apoptosis rate, less ruptured cells, and reduced
caspase-1 and IL-1p levels (Fig. 3J-P). The detection of
NLRP3 inflammasome by western blot revealed downregu-
lated NLRP3, ASC, cleaved caspase-1, and GSDMD-N
expression levels in CME + ATXNI1L KO group than those
in CME group (Fig. 3Q). In addition, the number of white
blood cells and IL-1p expression were reduced than those
in the CME group (Fig. 3R-S). These results confirmed that
ATXNIL knockout significantly repressed cardiomyocyte
apoptosis and pyroptosis in CME-induced rats.

ATXN1L exacerbates CME-induced cardiomyocyte
apoptosis and pyroptosis

We next examined the effect of ATXN1L on cardiomyocyte
apoptosis and pyroptosis in vitro. RT-qPCR and western
blot displayed higher ATXN1L expression in ATXNI1L-
OV group and lower ATXNI1L expression in ATXN1L-KO
group, compared with blank group (Fig. 4A-B).

In ATXN1L-OV group, the apoptosis rate of cardiomyo-
cytes and the number of TUNEL positive cells were elevated
and the levels of cleaved caspase-3/8 were enhanced than

those in blank group; the apoptosis rate and the number of
TUNEL positive cells were declined and cleaved caspase-3/8
were downregulated in OGD + ATXNIL KO and LPS +
ATXNIL KO groups relative to OGD and LPS groups
(Fig. 4C-H). These results demonstrated the inhibition of
ATXNI1L knockout on cardiomyocyte apoptosis.
Compared with blank group, IL-1p and IL-18 expression
levels in the supernatant of cardiomyocytes were increased
and the expression of NLRP3, ASC, cleaved-caspase-1, and
GSDMD-N was elevated in ATXN1L-OV group (Fig. 41-K).
The expression of IL-1p and IL-18 was weakened and
NLRP3, ASC, cleaved-caspase-1, and GSDMD-N expressed
at a low level in OGD + ATXNIL KO group than those
in OGD group; the expression of these pyroptosis-related
proteins was downregulated in LPS + ATXNI1L KO group
than those in LPS group (Fig. 41). These results indicated the
promotive effect of ATXN1L on cardiomyocyte pyroptosis.
Overall, ATXNI1L facilitated cardiomyocyte apoptosis and
pyroptosis, and ATXNI1L knockout could impede apoptosis
and pyroptosis induced by OGD and LPS in cardiomyocytes.

miR-142-3p implicates in cardiomyocyte apoptosis
and pyroptosis through ATXN1L

The present study then intended to identify whether miR-
142-3p could regulate cardiomyocyte apoptosis and pyrop-
tosis through ATXNI1L, we performed RT-qPCR analysis
and found that miR-142-3p expression was elevated after
miR-142-3p mimic transfection (Fig. 5A).

In OGD + miR-142-3p and LPS + miR-142-3p groups,
the apoptosis rate and the number of TUNEL positive
cells were reduced, compared with OGD group and LPS
group (Fig. 5B-E). Importantly, ATXN1L overexpression
reversed the inhibitory effect of miR-142-3p overexpression
on the apoptosis rate and the number of TUNEL positive
cells in OGD + miR-142-3p + ATXNI1L-OV and LPS +
miR-142-3p + ATXNI1L-OV groups when compared with
OGD + miR-142-3p group and LPS + miR-142-3p group
(Fig. 5SB-E). Meanwhile, decreases in cleaved caspase-3/8
were found in OGD + miR-142-3p and LPS + miR-142-3p
groups compared with OGD group and LPS group; in OGD
+ miR-142-3p + ATXNI1L-OV and LPS + miR-142-3p +
ATXNI1L-OV groups, cleaved caspase-3/8 expression levels
were increased when compared with OGD + miR-142-3p
group and LPS + miR-142-3p group (Fig. 5F, G). These
results demonstrated that ATXN 1L overexpression counter-
acted the anti-apoptotic effect of miR-142-3p overexpression
in cardiomyocytes.

In OGD + miR-142-3p and LPS + miR-142-3p groups,
IL-1p and IL-18 in cardiomyocytes were downregulated
than those in OGD and LPS groups; the contents of IL-1f
and IL-18 both in OGD + miR-142-3p + ATXNIL-OV
and LPS + miR-142-3p + ATXNIL-OV groups were
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Fig.3 ATXNIL knockout alleviated CME-induced myocardial
injury. The mRNA (A) and protein (B) levels of ATXNI1L in myo-
cardial tissues were detected by RT-qPCR and western blot; LVEF
(C), CO (D), LVEDd (E); LVES (F) were assessed by echocardi-
ography; H&E staining (G) and Masson (H) staining examined the
pathologies of myocardial tissues; Infarction size of the myocardial
tissue was calculated (I); Serum cTnl expression was measured by
ELISA (J); Detection of cardiomyocyte apoptosis in myocardial tis-
sues by TUNEL (K); Western blot validated the expression of cleaved
caspase-3/8 (L); TEM determined the ultrastructure of myocardial

promoted compared with OGD + miR-142-3p group and
LPS + miR-142-3p group (Fig. 5SH). Western blot of the
pyroptosis-related protein levels demonstrated that the con-
tents of NLRP3, ASC, caspase-1, and GSDMD-N were
suppressed in OGD + miR-142-3p and LPS + miR-142-3p
groups relative to OGD and LPS groups; while simultane-
ous overexpression of miR-142-3p and ATXNI1L enhanced
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tissues (M); Caspase-1 (N) and IL-1p (O) expression levels in myo-
cardial tissues were detected by immunohistochemistry (P); Western
blot evaluated the levels of NLRP3, ASC, cleaved-caspase-1 and
GSDMD-N (Q); The number of white blood cells (R) and IL-1f level
in rat blood (S) were assessed. N = 10. *P < 0.05, **P < 0.01. CME,
coronary microembolization; LVEEF, left ventricular ejection fraction;
LVEDd, left ventricular end diastolic diameter, LVFS, left ventricu-
lar fraction shortening; CO, cardiac output; H&E, hematoxylin—eosin;
TEM, transmission electron microscope

the expression of NLRP3, ASC, cleaved-caspase-1, and
GSDMD-N more than miR-142-3p overexpression alone
in cardiomyocytes treated with LPS or OGD (Fig. 5I-J).
These results confirmed that the inhibition of miR-142-3p on
cardiomyocyte pyroptosis was inhibited by ATXNI1L over-
expression. Taken together, while miR-142-3p overexpres-
sion could inhibit cardiomyocyte apoptosis and pyroptosis
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Fig.4 ATXNIL facilitates cardiomyocyte apoptosis and pyroptosis.
The mRNA (A) and protein (B) expression levels of ATXNIL in car-
diomyocytes were assessed by RT-qPCR and western blot; Apoptosis
of cardiomyocytes was measured by TUNEL (C, D) and flow cytom-

induced by OGD and LPS treatment, ATXN1L overexpres-
sion could counteract the inhibiting effect of miR-142-3p on
cardiomyocyte apoptosis and pyroptosis.

ATXN1L regulates H3 deacetylation and NOL3
expression through HDAC3

A previous study presented that ATXN1L could interact
with HDAC3 and thus epigenetically regulate gene expres-
sion [17]. Also, ATXNI1L could bind to HDAC3 and pro-
mote nuclear translocation of HDAC3 and deacetylation
of histone, thus inhibiting gene expression [18]. UCSC
bioinformatics analysis demonstrated a histone acetylation
peak in NOL3 promoter (Fig. 6A), suggesting the regula-
tion of NOL3 expression by deacetylation and acetylation
of histone 3. In diabetic cardiomyopathy, downregulation
of NOL3 (ARC) facilitates caspase-1/IL-1B/IL-18 signal-
ing and induces cardiomyocyte pyroptosis [19]. Hence, we

etry (E, F); Western blot detected cleaved caspase-3/8 expression (G,
H); Detection of IL-1p and IL-18 levels by ELISA (I); Expression
of NLRP3, ASC, cleaved-caspase-1 and GSDMD-N as detected by
Western blot (J, K). N = 3. *P < 0.05, **P < 0.01, ***P < 0.001

speculated that ATXNIL elicited apoptosis and pyroptosis
in CME-induced myocardial injury by regulating HDAC3
and suppressing NOL3 expression.

First, the detection of NOL3 expression in myocardial tis-
sues showed downregulated expression of NOL3 mRNA and
protein in the CME rats than in sham-operated rats (Fig. 6B,
C). In CME + AAV-miR-142-3p group, HDAC3 expres-
sion was suppressed and NOL3 increasingly expressed, com-
pared with CME + AVV-miR-NC group (Fig. 6D). Con-
sistently, NOL3 expression in cardiomyocytes expressed at
a low level in OGD and LPS groups than in blank group
(Fig. 6E, F). Primary cardiomyocytes were transfected with
ATXNIL overexpression. Compared with blank group,
NOL3 expressed modestly in ATXN1L-OV group and was
upregulated in ATXN1L KO group (Fig. 6G, H), indicating
that ATXNI1L negatively regulated NOL3. Immunofluo-
rescence results presented that overexpression of ATXNIL
accelerated HDACS3 translocation from the cytoplasm to the
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Fig.5 miR-142-3p reduces cardiomyocyte apoptosis and pyroptosis
by ATXNIL. Transfection efficiency of miR-142-3p overexpression
as measured by RT-qPCR (A); cardiomyocyte apoptosis was iden-
tified by TUNEL (B, C) and flow cytometry (D, E); Western blot

nucleus of cardiomyoctes, and nuclear HDAC3 content was
decreased in ATXNI1L KO group (Fig. 6I), implying that
ATXNIL played a role in the deacetylation of histone. The
interaction between ATXN1L and HDAC3 was identified by
co-immunoprecipitation (Co-IP) assay (Fig. 6J). Moreover,
the acetylation of H3 was repressed in ATXN1L-OV group
and elevated in ATXNIL KO group, compared with blank
group (Fig. 6K). ChIP assay demonstrated the enrichment
of NOL3 promoter by ATXNI1L and HDAC3 antibodies
(Fig. 6L). Therefore, we concluded that ATXNIL facili-
tated the nuclear translocation of HDAC3, thus promoting
H3 deacetylation and suppressing NOL3.

NOL3 inhibits the apoptosis and pyroptosis
of cardiomyocytes

Our previous results identified downregulated NOL3 both
in CME-induced myocardial tissues and OGD- and LPS-
treated cardiomyocytes, and then we explored the implica-
tion of NOL3 in cardiomyocyte apoptosis and pyroptosis.
RT-qPCR and western blot results manifested increases in
the mRNA and protein levels of NOL3 in NOL3-OV group
than in blank group (Fig. 7A, B).

Moreover, OGD + NOL3-OV and LPS + NOL3-OV
groups had reduced apoptosis rate and less TUNEL posi-
tive cells compared with OGD and LPS groups (Fig. 7C-F).
Also, the levels of cleaved caspase-3/8 were deficient in
OGD + NOL3-0V group and LPS + NOL3-OV group than
those in OGD group and LPS group (Fig. 7G, H). These
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determined the expression levels of cleaved caspase-3/8 (F, G); IL-1p
and IL-18 expression in cardiomyocytes as measured by ELISA (H);
Alterations of pyroptosis-related proteins were evaluated by western
blot (I, J). N = 3. *P < 0.05, **P < 0.01, ***P < 0.001

finding suggested that overexpression of NOL3 could sup-
press cardiomyocyte apoptosis.

In OGD + NOL3-OV group, the expression of IL-1p,
IL-18 and pyroptosis-related proteins was downregulated
than in OGD group, and the same pattern was found in
LPS + NOL3-OV group relative to LPS group (Fig. 7I-K).
Together, these results confirmed the anti-apoptotic and anti-
pyroptotic effects of NOL3 overexpression in OGD- and
LPS-treated cardiomyocytes.

ATXN1L mediates apoptosis and pyroptosis
through the HDAC3/NOL3 axis

In OGD + ATXNI1L-OV group, the apoptosis rate of car-
diomyocytes and the number of TUNEL positive cells were
increased, compared with OGD group; the apoptosis rate
and the number of TUNEL positive cells were reduced
in both OGD + ATXNI1L-OV + HDAC3-in and OGD +
ATXNI1L-OV + NOL3-0V groups, compared with OGD
+ ATXNI1L-OV group (Fig. 8A-D). Compared with LPS
group, the apoptosis rate and the number of TUNEL posi-
tive cells were elevated in LPS + ATXN1L-OV group; the
apoptosis rate and the number of TUNEL positive cells
were declined in LPS + ATXN1L-OV + HDAC3-in and
LPS + ATXNI1L-OV + NOL3-OV groups than in LPS +
ATXNI1L-OV group (Fig. 8A-D). In OGD + ATXNIL-
OV and LPS + ATXN1L-OV groups, the levels of cleaved
caspase-3/8 were substantially higher than those in OGD
and LPS groups (Fig. 8E, F). Compared with OGD +
ATXNI1L-OV group, OGD + ATXN1L-OV + HDAC3-in
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and OGD + ATXNI1L-OV + NOL3-OV groups had sup-
pressed levels of cleaved caspase-3/8, and similar expres-
sion trends of caspase-3/8 were found in LPS + ATXN1L-
OV + HDAC3-in group and LPS + ATXNIL-OV +
NOL3-OV group (Fig. 8E, F). These results revealed that
HDACS3 inhibition or NOL3 overexpression attenuated the
promoting effect of ATXNI1L on cardiomyocyte apoptosis.

In OGD + ATXNI1L-OV group and LPS + ATXNIL-
OV group, IL-1p, IL-18, and pyroptosis-related proteins
(NLRP3, ASC, cleaved-caspase-1, and GSDMD-N) increas-
ingly expressed, compared with OGD group and LPS group
(Fig. 8G-I). The levels of IL-1f, IL-18, and pyroptosis-
related proteins were inhibited in OGD + ATXNIL-OV
+ HDAC3-in and OGD + ATXNI1L-OV + NOL3-OV
groups than those in OGD + ATXNIL-OV group, and
the same expression patterns of these proteins were shown
in LPS + ATXNI1L-OV + HDAC3-in group and LPS +
ATXNIL-OV + NOL3-0OV group (Fig. 8G-I). The afore-
mentioned results revealed HDAC3 inhibition and NOL3
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the cytoplasm and nucleus were revealed by immunofluorescence
(I); Correlation between ATXNIL and HDAC3 was examined by
Co-IP (J); Acetylated H3 expression was reduced by ATXNI1L over-
expression and was enhanced by ATXNIL knockout (K). The bind-
ing of ATXNIL and HDAC3 with NOL3 promoter was verified by
ChIP (L). N = 3. *P < 0.05, **P < 0.01, ***P < 0.001. H3, his-
tone 3; OGD, oxygen—glucose deprivation; LPS, lipopolysaccharide;
HDACS3, histone deacetylase 3; Co-IP, Co-immunoprecipitation

overexpression restrained cardiomyocyte pyroptosis exacer-
bated by ATXNI1L overexpression. In summary, ATXNIL
regulates cardiomyocyte apoptosis and pyroptosis by the
HDAC1/NOL3 axis.

Discussion

CME is the main cause of no-reflow or slow-flow phenomena
after PCI, leading to cardiomyocyte necrosis and apoptosis,
ventricular remodeling, malignant arrhythmia, and heart
failure [20, 21]. Experimentally induced CME caused by
injection of embolic particles could preferably imitate the
distal occlusion of small coronary arteries in patients who
experience CME from a ruptured coronary atherosclerotic
plaque [22]. Moreover, myocardial ischemia reperfusion
(I/R) injury results in substantial tissue alterations such
as cell death, inflammation, and oxidative stress, and the
mechanism of myocardial I/R injury to coronary circulation
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is of great importance for cardioprotection [23]. Therefore, a
better understanding about CME-induced myocardial injury
may contribute to the preservation of cardiac function and
therapeutic efficacy after heart failure. In this study, we
made efforts to promote the existing understanding of the
mechanism underlying CME-induced myocardial injury.
First, we generated morphological and molecular evidence
of myocardial injury in CME-treated rats and OGD/LPS-
stimulated cardiomyocytes. We then obtained both in vivo
and in vitro evidence that miR-142-3p mediated CME-
induced myocardial injury by targeting ATXN1L. Moreover,
our findings implied that the impediment of ATXNI1L on
myocardial function was involved with the HDAC3/NOL3
axis. These data highlight a novel strategy for improving
cardiac function after CME by inhibiting apoptosis and
pyroptosis in cardiomyocytes.

Dysregulation of miRNAs has been reported to elicit the
aberrant upregulation or downregulation of their target genes
and thus participate in CME pathogenesis [7, 24, 25]. In
the CME rat model, downregulated miR-142-3p expression
in myocardial tissues was observed, suggesting that miR-
142-3p may hold a regulatory function in CME. Forced
expression of miR-142-3p inhibits neonatal rat cardiomyo-
cyte apoptosis by reducing caspase-3 and Bax expression
levels [26, 27]. Consistently, our results manifested that
miR-142-3p overexpression restored cardiac function and
alleviated myocardial injury, supported by the recovery of
coronary flow and the reduction of microinfarction foci after
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by ELISA (I); Levels of pyroptosis-related proteins (NLRP3, ASC,
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J, K). N=3. %P < 0.05, **P < 0.01

CME. Currently, ATXN1L was proven as a target gene of
miR-142-3p and was upregulated in myocardial tissues after
CME. ATXNIL knockout was also demonstrated to attenuate
cardiac function and myocardial infarction induced by CME.

Inhibition of cardiomyocyte apoptosis has been high-
lighted as a potent therapeutic strategy for CME-induced
myocardial injury [28]. Also, pyroptosis is an important con-
tributor for the impairment of cardiac functions [29-31].
Hence, we examined apoptosis- and pyroptosis-related pro-
teins to identify their correlation in CME pathology using
OGD- and LPS-induced cellular models. The present study
suggested that CME treatment induced the expression of
cleaved caspase-3/8, caspase-1, and IL-1f, indicative of
the occurrence of apoptosis and pyroptosis in cardiomyo-
cytes after CME. The formation of NLRP3 inflammasome
which is composed of NLR3, the adaptor protein ASC, and
the cysteine protease caspase-1 results in the activation
of caspase-1 [32]. The activation of caspase-1 is involved
in pyroptosis, which could process and mature IL-1f and
IL-18, but also cleave GSDMD and oligomerize GSDMD-
N domain that mediates the formation of membrane pores,
resulting the release of inflammatory factors, cell swelling,
and pyroptosis [33]. Importantly, miR-142-3p overexpres-
sion or ATXNI1L knockout was verified to inhibit apoptosis
and pyroptosis both in vivo and in vitro by reducing the
expressions of apoptosis- and pyroptosis-related proteins.
Moreover, ATXNI1L overexpression could counteract the
cardioprotective effects of miR-142-3p, which confirmed
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that miR-142-3p affected myocardial injury via ATXNIL.
In addition to cardiomyocytes, immune cells are also signifi-
cant for cardiac remodeling after myocardial infarction by
regulating inflammation and cardiac repair [34]. Inhibition
of immune lineage cells during cardiac lineage development
is required for cardiac reprogramming, but this study men-
tioned few about the role of immune cells in CME-induced
myocardial injury. Our future study would concentrate on
the identified transcriptional regulation, epigenetic modifi-
cation, signaling pathways from the cellular microenviron-
ment, and cell cycling regulation to improve cardiac repro-
gramming efficacy [35].

In heart, DNA methylation and histone modification
regulate cardiomyocyte development [36]. Ischemic or
hypoxia stress alters the mechanisms responsible for
epigenetic modifications, such as inducing the activities
of histone deacetylases (HDACs), a group of enzymes
capable of deacetylating histone proteins [37]. HDAC3
is a major member of HDACSs, whose enzymatic activ-
ity is targeted by small molecule inhibitors for treating
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blot (E, F); IL-1p and IL-18 levels in the supernatant of the cells
as detected by ELISA (G); Western blot displayed the expression of
pyroptosis-related proteins (H, I). N = 3. *P < 0.05, **P < 0.01

a variety of conditions [38]. ATXN1 has been proven
to bind HDAC3, which is required for ATXN1-induced
transcriptional repression [38]. Also, ATXNIL could
bind to HDAC3 and promote the nuclear translocation
of HDAC3 and the deacetylation of histone [18]. In the
current study, ATXNI1L exhibited the promotive effect on
the translocation of HDAC3 from the cytoplasm to the
nucleus of cardiomyocytes. Our bioinformatics analysis
indicated the correlation between NOL3 and H3, and
Co-IP result verified the interaction between ATXNIL/
HDAC3 and H3. ATXNI1L was disclosed to negatively
regulate H3 deacetylation. The anti-apoptotic role of
NOL3 (ARC) has been mentioned in cardiomyocytes [39,
40]. In ischemia/reperfusion (I/R)-induced acute kidney
injury, ARC significantly restrained the expression of
IL-1p and caspase-3 [41]. Consistent observation was
obtained from the present study that NOL3 overexpression
showed a suppressive effect on cardiomyocyte apoptosis
and pyroptosis by inhibiting the expression of caspase-3/8,
IL-1B, IL-18, NLRP3, ASC, caspase-1, and GSDMD-N. In
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cardiomyocytes, the enhancement of ATXN1L on apopto-
sis and pyroptosis was mitigated by HDAC3 inhibition or
NOL3 upregulation, which suggested that ATXN1L played
its role through the HDAC3/NOLS3 axis.

In conclusion, the current study showed that miR-142-3p
was markedly decreased in response to CME-induced myocar-
dial injury. Overexpression of miR-142-3p alleviated apopto-
sis and pyroptosis in OGD- and LPS-treated cardiomyocytes.
ATXNIL was a downstream target of miR-142-3p and par-
ticipated in the pathogenesis of myocardial injury after CME.
Our findings revealed that miR-142-3p might play a promising
role in ameliorating myocardial injury after CME.
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