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Abstract: As a complex pathophysiological event, myocardial ischemia/reperfusion injury (IRl) can cause heart fail-
ure, which has been associated with pyroptosis, a pro-inflammatory programmed cell death. Small endogenous
non-coding RNAs have been shown to be involved in myocardial IRI. In the present study, we aimed to investigate
whether miR-424 modulated pyroptosis in response to myocardial IRl and determine its underlying regulatory mech-
anism. An in vivo mouse model of cardiac IRl was established, and contractile function was evaluated by echogra-
phy. The serum and heart tissue were harvested 24 h after reperfusion to assess the status of pyroptosis. For the in
vitro study, HOC2 cells (a rat heart cell line) were subjected to 6 h of hypoxia, followed by 18 h of reoxygenation. The
gene expressions at the mRNA level were assessed by real-time PCR, and the expressions at the protein level were
examined by western blotting, immunofluorescence staining, and enzyme-linked immunosorbent assay (ELISA).
Bioinformatic analysis was applied to predict miR-424 targets, which were then confirmed by a luciferase reporter
assay. We found that the expressions of pyroptosis-related proteins, including caspase-1, caspase-11, IL-1f3, and
IL-18, were significantly increased upon myocardial IRI. Similarly, hypoxia/reoxygenation injury (HRI) also induced
pyroptosis in HOC2 cells. Furthermore, our study revealed that the miR-424 expression was substantially increased
in I/R heart tissue and H/R-challenged H9C2 cells. In addition, we found that exogenous expression of miR-424
directly targeted cysteine-rich secretory protein LCCL domain-containing 2 (CRISPLD2) and up-regulated the expres-
sions of caspase-1 and the pro-inflammatory cytokines IL-13 and IL-18. Taken together, our findings provided a new
signaling pathway of miR-424/CRISPLD2 in cardiac pyroptosis under IRl conditions.

Keywords: Myocardial ischemic/reperfusion injury, pyroptosis, miR-424, CRISPLD2

Introduction

The best way to limit infarct size for patients
with acute myocardial infarction is by an early
reperfusion of the occluded coronary artery
using primary percutaneous coronary interven-
tion, which contributes to preserving left ven-
tricular (LV) contraction and preventing the
onset of heart failure. Although reperfusion
can salvage the myocardium, reperfusion itself
paradoxically induces further cardiomyocyte
death, which is generally known as myocardial
ischemia/reperfusion injury (IRI) [1-4]. However,
cardiac IRI triggers pronounced tissue-disrup-
tive and sterile proinflammatory responses,
which compromise outcome. Numerous strate-
gies have been used to ameliorate myocardial

IRI'in animal models [5-8]. However, the trans-
lation of these beneficial effects to the clinical
setting is disappointing. Therefore, it is benefi-
cial to determine the mechanisms underlying
myocardial IRl and identify novel therapeutic
targets that can effectively suppress this ad-
VErse process.

As a class of endogenous, small-sized (~22
nucleotides), non-coding single-stranded RNAs,
microRNAs (miRNAs) can anneal to nearly com-
plementary sequences in the 3’ untranslated
regions (3-UTRs) of target mRNAs to either
facilitate their degradation or repress the
translation process [9]. Much evidence has
shown that miRNAs are involved in a wide vari-
ety of biological processes, including cell prolif-
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eration, differentiation, metastasis, apoptosis,
and immune responses [10-13]. Moreover, they
also function as prognostic markers in the
development and progression of ischemic car-
diac disease by targeting pertinent genes
[14-20].

As a pro-inflammatory programmed cell death
[24], pyroptosis has the biochemical and mor-
phologic characteristics of necrosis and apop-
tosis. However, pyroptosis, unlike apoptosis or
necrosis [22], results in the release of cyto-
kines that activate pro-inflammatory immune
cell mediators [23-26]. Caspase-1 is activated
during pyroptosis by a large supramolecular
complex known as the pyroptosome, and it
subsequently processes the inactive precur-
sors of inflammatory cytokines interleukin (IL)-
1B and IL-18 into their active forms to trigger
or aggravate inflammatory responses [27-29].
Therefore, pyroptosis may not only cause cell
death but also play an important role in the
cascade of reactions that lead to damaged
tissues. Several studies have indicated that
pyroptosis contributes to infectious diseases,
nervous system disorders and atherosclerosis
[30-32]. During the development and progres-
sion of IRI, cardiomyocyte death and inflam-
mation may affect the severity and prognosis
of IRI [33-35]. In addition, miRNA-9 has been
reported to inhibit hyperglycemia-induced py-
roptosis in human ventricular cardiomyocytes
by targeting ELAVL1. However, whether pyrop-
tosis is involved in cardiomyocyte death upon
IRI and how pyroptosis is correlated with in-
flammatory cytokines remain largely unex-
plored. Collectively, it is necessary to assess
the underlying mechanism of pyroptosis during
the development of IRl. Moreover, few studies
have focused on the participation of miRNAs
in pyroptosis in ischemic heart disease.

In the present study, we aimed to elucidate the
essential role of miRNAs in regulating ische-
mic heart diseases and the underlying mecha-
nisms. Our data demonstrated that miR-424
promoted cardiomyocyte pyroptosis by directly
targeting cysteine-rich secretory protein LCCL
domain-containing 2 (CRISPLD2), a GC and
developmentally regulated gene encoding a
secreted mesenchymal protein in lung and
other organs [36, 37]. Based on our findings,
we verified that miR-424 played a crucial role
in the pathogenesis of cardiomyocyte pyropto-
sis, suggesting that miR-424 could be used as
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a potential therapeutic target in the treatment
of ischemic heart diseases.

Material and methods
Animals

Male C57BL/6 mice (6-7 weeks of age; 20-30 g
of weight) were obtained from the Slac La-
boratory Animal Center (Shanghai Slac La-
boratory Animal Co., Ltd., China). The experi-
mental protocols were approved by the In-
stitutional Animal Care and Use Committee of
the Second Military Medical University.

Cardiac IRI

Animals were anesthetized with inhaled isoflu-
rane using an endotracheal tube, and positive-
pressure ventilation was carried out with a
constant-volume ventilator operating on the
Starling principle (HSE MiniVent, Harvard Ap-
paratus GmbH). After the thoracic cavity was
opened by left thoracotomy, an 8-O prolene
suture was passed under the left anterior
descending (LAD) coronary artery at the inferior
edge of the left atrium and tied to produce an
occlusion. Body temperature was maintained
at 37°C using a heating pad, and the tempera-
ture was monitored using a rectal thermo-
meter. After 60 min of ischemia, the ligature
was released to reperfuse the LAD coronary
artery. Reperfusion was confirmed by the visi-
ble restoration of color in the ischemic myo-
cardium and inversion of the T wave on the
electrocardiogram. The chest was closed with
continuous 6-0 prolene sutures. The endotra-
cheal tube was removed until spontaneous
respiration was resumed. A sham operation
including all procedures was carried out as a
control, except for the ligation of LAD coronary
artery.

Echocardiography

Echocardiography was performed by Vevo2100
(VisualSonics, Ontario, Canada) as previously
described. Parameters were measured from
M-mode images acquired from the parasternal
short-axis view at the papillary muscle level,
including the percentages of fractional shor-
tening (FS%) and ejection fraction (EF%), LV
end-diastolic diameter (LVEDD), LV end-systolic
diameter (LVESD), LV end-diastolic volume
(LVEDV) and LV end-systolic volume (LVESV).
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Cell culture and HRI

Rat heart cell line H9C2 was obtained from
American Type Culture Collection (Manassas,
VA, USA). Cells were seeded in 100-mm culture
dishes and maintained in Dulbecco’s modified
Eagle’s medium (ThermoFisher, USA) supple-
mented with 10% fetal bovine serum, 100 U/
mL penicillin, 2 mM glutamine, 100 pg/mL
streptomycin and 1 mM HEPES at 37°C in
humidified air containing 5% CO,. The culture
medium was replaced every other day. For the
H/R group, cells were exposed to hypoxia (5%
COZ, 1% O2 and 94% N,) for 24 h, followed by 12
h of reoxygenation (5% CO,, 21% O, and 74%
N,). To determine the effect of miR-424, cells
were transfected with either miR-424 mimic
or inhibitor (Sigma-Aldrich, MO, USA) using
PureFection reagents (System Biosciences, CA,
USA) at 12 h prior to the H/R treatment.

Measurement of malondialdehyde (MDA) con-
tent and superoxide dismutase (SOD) activity

Oxidative stress in H9C2 cells was assessed by
measuring the MDA content and SOD activity.
The intracellular concentration of MDA was
determined with commercial kits (Beyotime) by
the thiobarbituric acid method, and measure-
ment was performed at a wavelength of 535
nm. The results were reported as pmol per mil-
ligram of extracted protein. The SOD activity in
the kidney was detected using a Total Su-
peroxide Dismutase Assay Kit (Beyotime) and
reported as U/mg protein.

Cell viability assay

At the end of the indicated time, H9C2 cells
were treated with CCK-8 reagent (10 uL/well,
Sigma, USA) for an additional 2 h, and then the
absorbance at a wavelength of 450 nm was
recorded using a microplate absorbance read-
er (Tecan, Safire Il, Switzerland).

Western blotting analysis

Cells were lysed in ice-cold RIPA lysis buffer
(Solarbio, Beijing, China) containing 0.1 mM
PMSF and a protease inhibitor cocktail (Roche)
for 30 min on ice. Samples were subjected
to 12% SDS-PAGE and then transferred onto
nitrocellulose membranes. Blots were probed
with primary antibodies against caspase-1
(Abcam, Cambridge, UK), caspase-11 (Abcam),
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CRISPLD2 (Abcam) and GAPDH (Santa Cruz
Biotechnology). After four washes with PBS
containing 0.1% Tween-20, blots were then
incubated with horseradish peroxidase-conju-
gated secondary antibodies. The immunoreac-
tive bands were detected with Pierce® ECL
Western blotting substrate (Pierce, Rockford,
IL, USA) according to the manufacturer’s in-
structions and exposed on X-ray films (Kodak,
Rochester, NY, USA).

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

Total RNA was extracted from rat kidneys with
TRIzol reagent (Invitrogen, Shanghai, China)
according to the manufacturer’s instructions.
Purified RNA (1 pg) was reversely transcribed
into cDNA by Superscript Il reverse transcrip-
tase (Invitrogen) and random primer oligonucle-
otides (Invitrogen). qRT-PCR was performed on
the 7900 HT Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA), and GAPDH
was selected as a housekeeping gene. Gene-
specific TagMan miRNA assay probes (Applied
Biosystems) were used to analyze the expres-
sions of miRNAs. Briefly, 1 pg total RNA was
reversely transcribed into cDNA using AMV
reverse transcription (Takara, Kyoto, Japan)
and a stem-loop RT primer (Applied Biosystems).
The expression of miRNA in cells and tissues
was normalized to U6 snRNA. All experiments
were performed in triplicate. The relative
expressions of target genes were calculated by
284t method.

ELISA

Blood samples were collected to measure
the serum concentrations of IL-18 and IL-18
using ELISA kits according to the manufactur-
er's instructions (uscn-SEAO64R and uscn-
SEA563Ra, respectively).

Luciferase assay

CRISPLD2 3’-UTRs containing conserved miR-
424 binding sites as well as 3’-UTRs with mutat-
ed sites were synthesized by Sangon Biotech
Co., Ltd. (Shanghai, China) and amplified by
PCR. The PCR fragments were subcloned into
the Xhol and Notl sites downstream from the
luciferase gene in the psi-CHECK2 vector (Pro-
mega Biotech Co., Ltd., Madison, WI, USA). The
3-UTR of luciferase vector (150 ng) was co-
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Figure 1. IRl induces cardiac pyroptosis, inflammation, and miR-424 up-regulation. Hearts from individual mice
were reperfused for 24 h. Control mice underwent a sham surgery (sham group) without IRI. (A) The evaluation of
cardiac function was detected by echocardiography. (B) The parameters of cardiac function, including EF% and FS%,
were significantly decreased (B), and LVEDD, LVESD, LVEDV and LVESV were analyzed. (C) The expressions of IL-13
and IL-18 at the serum and mRNA levels (D) in heart tissues were determined by ELISA and gqRT-PCR, respectively.
(E) Expression of cleaved caspase-1 and caspase-11 at the protein level were determined by western blotting. (F)
The expression of miR-424 at the mRNA level was determined by qRT-PCR. Data are presented as the mean + S.E.M.
n=6. *P<0.05 & **P<0.01 versus sham group.

transfected into H9C2 cells with either miR- and post-hoc Bonferroni analysis were con-
424 mimic or inhibitor using Lipofectamine ducted for multiple comparisons by GraphPad
2000 (ThermoFisher), and 20 ng of Renilla Prism 5.0 (GraphPad Software, Inc., La Jolla,
luciferase reporter was used as an internal CA, USA). P values <0.05 were considered
control. After 48 h, the cells were collected significant.

and lysed. A luciferase activity assay was per-

formed using the Dual-Luciferase Reporter Results

Assay System (Promega Biotech Co., Ltd.)

according to the manufacturer’s instructions. IRI'induces cardiac pyroptosis and inflamma-

tion as well as elevated miR-424 expression
Statistical analysis

A mouse model of cardiac IRl was used to
Continuous variables were presented as the investigate the effects of IRl on cardiac pyrop-
mean + S.E.M. Analysis of variance (ANOVA) tosis and inflammation, and mice were subject-
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Figure 2. HRI induces cell pyroptosis and miR-424 up-regulation in H9C2 cells. After HRI, cell viability (A), MDA
content (B) and SOD activity (C) of H9C2 cells were analyzed. (D) The proportions of apoptotic and necroptotic cells
were analyzed by FACs. (D) The expressions of IL-13 and IL-18 at the protein level in culture medium and at the
mRNA level (E) in HOC2 cells were determined by ELISA and gqRT-PCR, respectively. (F) Expressions of cleaved cas-
pase-1 and caspase-11 at the protein level were determined by western blotting. (G) The expression of miR-424 at
the mRNA level was determined by qRT-PCR. Data are presented as the mean + S.E.M. n=4. *P<0.05 & **P<0.01
versus control group.

ed to either sham surgery or IRl. Echo- after reperfusion. Data showed that EF% and
cardiography (Figure 1A) was performed 24 h FS% were significantly decreased (Figure 1B),
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while LVEDD, LVESD, LVEDV and LVESV were
markedly decreased (Figure 1B). These results
indicated that IRI impaired the cardiac function
in mice. The concentrations of serum IL-13 and
IL-18 were significantly increased in mice with
IRl (Figure 1C). qRT-PCR showed the similar
changes in terms of IL-13 and IL-18 expres-
sions (Figure 1D). Western blotting revealed
that the protein levels of cleaved caspase-1
and caspase-11 were markedly increased after
IRI (Figure 1E). These results suggested that
IRl induced dramatic cardiac pyroptosis and
inflammation. Moreover, the expression of miR-
424 was increased in IRl heart tissues.

IRl induces pyroptosis and up-regulates miR-
424 expression in H9C2 cells

To investigate whether pyroptosis was induced
in a rat heart cell line, HOC2 cells were subject-
ed to H/R treatment. Figure 2A shows that
compared with the control cells, H/R treatment
markedly inhibited the cell proliferation (P<
0.05). Consistently, in H9C2 cells, H/R treat-
ment increased the MDA content (Figure 2B,
P<0.05) but decreased the SOD activity (Fi-
gure 2C, P<0.05). FAC analysis (Figure 2D)
showed that the percentage of apoptotic and
necroptotic cells was remarkably increased
after H/R treatment. Consistent with these
findings, the expressions of IL-1p and IL-18 at
the protein and mRNA levels were significantly
increased in the H/R group (Figure 2E). The
expressions of pyroptosis markers, cleaved
caspase-1 and caspase-11 (Figure 2F), and
miR-424 (Figure 2G), were significantly in-
creased. These results suggested that pyro-
ptosis and miR-424 expression were similarly
induced in HOC2 cells after IRI (HRI).

CRISPLD2 is directly targeted by miR-424 and
down-regulated in I/R hearts and H/R-chal-
lenged HIOC2 cells

We further investigated the possible targets of
miR-424 in I/R cardiac tissues. We fund that
CRISPLD2 was significantly down-regulated in
IRl heart tissues and H/R-challenged H9C2
cells as determined by western blotting (Figure
3A). We next performed a series of functional
studies to determine the link between miR-424
and CRISPLD2. Computational analysis pre-
dicted a conserved binding site for miR-424 in
the 3'-UTR of the CRISPLD2 gene (Figure 3B).
To verify whether miR-424 directly targeted
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CRISPLD2, luciferase report constructs carry-
ing the wild-type or mutant CRISPLD2 3’-UTR
were prepared (Figure 3C). Co-transfection of
miR-424 and the wild-type luciferase reporter
vector into H9C2 cells caused a sharp decrea-
se in luciferase activity compared with the
transfection of luciferase vector alone (Figure
3D). Interesting, an antisense inhibitor oligonu-
cleotide (miR-424 inhibitor) restored such miR-
424 mimic-induced depression of luciferase
activity (Figure 3D). However, miR-424 failed
to affect the luciferase activity elicited by the
construct containing the CRISPLD2 3’-UTR with
the mutant miR-424 binding site (Figure 3D).
Figure 3E and 3F exhibit that transfection of
miR-424 into H9C2 cells remarkably reduced
the CRISPLD2 expression at the mRNA and
protein levels. Conversely, CRISPLD2 was sig-
nificantly up-regulated when miR-424 inhibitor
was transfected into H9C2 cells upon H/R
treatment, indicating that CRISPLD2 was a
direct target of miR-424. Over-expression of
miR-424 was consistently observed in H/R-
challenged HK2 cells compared with the con-
trol group (Figure 3E). We therefore suggested
that miR-424 was involved in IRl by directly tar-
geting CRISPLD2.

miR-424 regulates HOC2 cell pyroptosis via
targeting CRISPLD2

We explored the possible mechanisms underly-
ing miR-424-induced pyroptosis of H9C2 cells.
Figure 4A illustrates that transient expression
of miR-424 inhibitor dramatically preserved
the CRISPLD2 expression at the protein and
mRNA levels in H/R-challenged H9C2 cells,
while its expression was down-regulated by
CRISPLD2 specific siRNA transfection (Figure
4A). Moreover, miR-424 inhibitor promoted the
cell viability (Figure 4B) and SOD activity (Figure
4D), and decreased the MDA content (Figure
4C) in H/R-challenged H9C2 cells. However,
neither miR-424 inhibitor nor CRISPLD2 specif-
ic siRNA affected H/R-induced apoptosis and
necroptosis (Figure 4E). On the other hand,
H/R induced the expressions of pro-inflamma-
tory factors IL-13 and IL-18 at the protein (Fi-
gure 4F) and mRNA (Figure 4G) levels, while
such effect was abolished upon transfection
with miR-424 inhibitor. The protein levels of
cleaved caspase-1 and caspase-11 were simi-
lar (Figure 4H). These data indicated that kno-
ckdown of miR-424 attenuated H/R-induced

Int J Clin Exp Pathol 2018;11(7):3222-3235
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Figure 3. miR-424 directly targets CRISPLD2 in IRI hearts and H/R-challenged H9C2 cells. A. The expression of
FoxO3a at the protein level in IRl heart tissues and H9C2 cells subjected to HRI was determined using western
blotting. B. Alignment of the miR-424 sequence with that of the 3’-UTR of CRISPLD2. C. CRISPLD2 3’-UTR construct
mutated at the predicted miR-424 binding site. D. Luciferase reporter activities of chimeric vectors carrying the lu-
ciferase gene and a fragment of the CRISPLD2 3’-UTR containing the miR-424 binding sites in the control, miR-424
mimic, and miR-424 inhibitor groups. E. The expression of miR-424 and CRISPLD2 at the protein level in the control,
H/R, H/R + miR-424 mimic, and H/R + miR-424 inhibitor groups. F. The expression of CRISPLD2 at the protein level
in the control, H/R, H/R + miR-424 mimic, and H/R + miR-424 inhibitor groups. Data are presented as the mean +
S.E.M. n=4; *P<0.05 versus control group; *P<0.05 versus H/R group.
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Figure 4. miR-424 regulates H9C2 cell pyroptosis by targeting CRISPLD2. (A) The expression of CRISPLD2 at the
protein and mRNA levels in control, H/R, H/R + miR-424 inhibitor, and H/R + miR-424 inhibitor + CRISPLD2 groups.
After HRI, cell viability (B), MDA content (C) and SOD activity (D) of HO9C2 cells were analyzed. (E) The proportions of
apoptotic and necroptotic cells were analyzed by FACs. (F) The expressions of IL-1p and IL-18 at the protein level in
culture medium and at the mRNA level (G) in H9C2 cells were determined by ELISA and gRT-PCR, respectively. (H)
Expression of cleaved caspase-1 and caspase-11 at the protein level were determined by western blotting. Data are
presented as the mean + S.E.M. n=4; *P<0.05 versus control group; “P<0.05 versus H/R group.
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Figure 5. miR-424 regulates pyroptosis in IRl heart tissues via targeting CRISPLD2. (A) The expression of CRISPLD2
at the protein and mRNA levels in the control, I/R, I/R + miR-424 inhibitor, and I/R + miR-424 inhibitor + AAVO-
siCRISPLD2 groups. (B) The evaluation of cardiac function was detected by echocardiography. The parameters of
cardiac function, including EF%, FS%, LVEDD, LVESD, LVEDV and LVESV, were analyzed. (C) Expression of IL-13 and
IL-18 at the serum and mRNA levels (D) in heart tissues were determined by ELISA and qRT-PCR, respectively. (E)
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Expressions of cleaved caspase-1 and caspase-11 at the protein level were determined by western blotting. Data
are presented as the mean + S.E.M. n=5; *P<0.05 versus sham group; *P<0.05 versus I/R group.

pyroptosis and inflammation in HICE cells
through targeting CRISPLD2.

miR-424 regulates pyroptosis in IRl heart tis-
sues via targeting CRISPLD2

To further exploit the pro-pyroptotic roles of
miR-424 and CRISPLD2 in IRl heart tissues, we
first evaluated the effects of miR-424 inhibitor
on the expression of CRISPLD2 in IRI heart tis-
sues. Similar with the in vitro analysis, caudal
vein injection of miR-424 inhibitor dramatically
preserved the expression of CRISPLD2 at the
protein and mRNA levels in IRl heart tissues,
which was next down-regulated by pre-trans-
fection of recombinant adeno associated virus
type 9 encoding a CRISPLD2 specific siRNA
(AAV9-siCRISPLD2) (Figure 5A). Echocardiogra-
phy evaluation revealed that miR-424 inhibitor
significantly attenuated the impaired cardiac
function, indicated by the parameters of EF%,
FS%, LVEDD, LVEDS, LVEDV and LVESV (Figure
5B). As expected, down-regulation of CRISPLD2
was abolished by the cardiac protective effect
of miR-424 inhibitor. Moreover, the expressions
of pro-inflammatory factors IL-13 and IL-18
detected by ELISA and qPCR were aggravated
after down-regulation of CRISPLD2 compared
with IRl hearts (Figure 5D). Similarly, the levels
of cleaved caspase-1 and caspase-11 were
aggravated after CRISPLD2 down-regulation.
These results suggested that miR-424 pro-
moted the pyroptosis of cardiomyocytes in IRI
hearts by down-regulating CRISPLD2.

Discussion

IRI-induced death of cardiomyocytes is the
main cause of the development and progres-
sion of ischemic heart disease [7]. Previous
studies have shown that apoptosis and necro-
sis are the major pathways that lead to cardio-
myocyte death after IRI. Pyroptosis is a unique
type of programmed cell death distinct from
apoptosis and necrosis [23-26]. In the present
study, we unraveled a novel role of miR-424 in
IRI. We showed that miR-424 was up-regulated
in IRl heart tissues and H/R-injured H9C2
cells, leading to directly repressed expression
of CRISPLD2. Moreover, such up-regulation of
miR-424 subsequently increased the expres-
sions of inflammatory molecules and promoted
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pyroptosis in vitro and in vivo. Knockdown of
miR-424 by its antisense inhibitor markedly
attenuated the effects of miR-424 (Figure 6).

mMiRNAs have emerged as important mediators
of translational control and as regulators of
a wide range of biological processes [17-21].
Up-regulation of miRNAs is a common observa-
tion that occurs in various diseases, and aber-
rantly expressed miRNAs often participate in
the pathogenesis of specific diseases, includ-
ing ischemic heart diseases. The most reported
protective microRNAs in myocardial I/R in-
clude miRNA-126, miRNA-133, miRNA-144,
MiRNA-145, miRNA-199, miRNA-210, miRNA-
214, miRNA-494, miRNA-451 and miRNA-499
[38-40]; while microRNAs with opposite effects
in myocardial I/R include miRNA-1, miRNA-15,
mMiRNA-92a, miRNA-320 and miR-424 [39,
41-43]. Moreover, some miRNAs show a dual
role in the pathomechanism of myocardial IR,
such as miRNA-21, miRNA-24 and miRNA-29. It
has been previously reported that the miR-424
is a key up-regulator of hypoxia inducible factor-
1a (HIF-1x), the primary hypoxia-driven signal-
ing pathway of the ischemic heart disease.
Therefore, it is conceivable that an increase in
miR-424 underlies HIF-1a up-regulation, which
is a phenomenon observed in most forms of
ischemic heart disease [44]. A previous study
has revealed that hypoxia induces PAECs to
up-regulate and secrete miR-424, which are at
least partially transported in EXOs and can be
taken up by cardiomyocytes, resulting in down-
regulation of SMURF1 and contributing to RVH
and heart failure at last [43]. However, there
is no direct evidence indicating a role of miR-
424 in cardiomyocyte pyroptosis in the setting
of IRI. In the present study, we identified that
miR-424 promoted pyroptosis in HOC2 cells (a
rat heart cell line) subjected to HRi and in heart
tissues from IRI mice.

CRISPLD2 is a GC- and developmentally regu-
lated gene encoding a secreted mesenchymal
protein in the lung and other organs [36, 37,
45-47]. Previous studies have reported that
CRISPLD2 serves as an endogenous anti-
inflammatory gene in lung fibroblasts, and it
can also curtail proinflammatory signaling by
lung epithelial cells through mesenchymal-epi-
thelial interactions [45]. In this study, we vali-
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Figure 6. Schematic diagram of the proposed miR-424-induced pyropto-
sis signaling pathways. miR-424 was significantly up-regulated under IRI

lation of caspase-1, IL-13 and

IL-18 in H9C2 cells, which was
Extracellular accompanied by decreased
cell viability and SOD activity
as well as increased MDA con-
tent. Collectively, pyroptosis
and inflammatory responses
were closely associated with
the development and progres-
sion of IRl in cardiomyocytes.
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In conclusion, our results pro-
vided the first evidence that
IRI-triggered cardiac pyropto-
sis was promoted with miR-
424 by direct targeting CRIS-
PLD2. These findings illustrat-
ed a previously unknown path-
way miR-424-CRISPLD2 that
regulates cardiac pyroptosis.
However, it was undeniable
that the effects of miR-424

conditions and played a regulatory role in pyroptosis by down-regulating on ischemic heart disease

CRISPLD2, leading to up-regulation of caspase-1 and the pro-inflammatory

cytokines, IL-13 and IL-18.

dated that CRISPLD2 was a direct target of
miR-424. More importantly, knockdown of miR-
424 attenuated the inflammatory cell death of
HOC2 cells, which was aggravated by CRIS-
PLD2 down-regulation. These results sug-
gested that CRISPLD2 played a critical anti-
pyroptotic role in IRI cardiomyocytes, and over-
expression of CRISPLD2 could be a strategy
for the prevention of cardiac pyroptosis.

Pyroptosis is a recently identified type of
programmed cell death. Caspase-1-dependent
pyroptosis has been first reported in mouse
macrophages infected with the Gram-negative
bacteria Shigella flexneri [23-26, 48]. As a pro-
tease, caspase-1 has a basic function in pro-
cessing the inactive precursors of IL-1B into
mature inflammatory cytokines, thus it is call-
ed IL-1B-converting enzyme [49, 50]. Activation
of caspase-1 induces pore formation on the
cell membrane, leading to the generation and
release of abundant inflammatory factors that
subsequently contribute to pyroptosis. Our in
vivo study showed that pyroptosis was charac-
terized by increased expression of caspase-1,
IL-1B and IL-18 after IRI. The altered levels of
caspase-1, IL-1B3 and IL-18 in heart tissues were
correlated with cardiac functional changes. Our
in vitro study revealed that HRI caused up-regu-
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might be mediated by a vari-
ety of mechanisms in addition
to the miR-424-CRISPLD2 pa-
thway, and further investigation is required to
uncover any other potential mechanisms. The
salient findings from the present study indicat-
ed an essential role of miR-424 in IRI, greatly
contributing to our understanding of the role of
pyroptosis in ischemic heart disease.
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