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ABSTRACT
Myocardial ischemia/hypoxia-reperfusion injury mediates the progression of multiple cardiovas-
cular diseases. It has been reported that knockdown of adaptor protein containing a PH domain, 
PTB domain and leucine zipper motif 1 (APPL1) is a significant factor for the progression of 
myocardial injury. However, the role of APPL1 in myocardial ischemia remains unclear. Hence, the 
aim of the present study was to investigate the specific mechanism underlying the role of APPL1 
in myocardial ischemia.

In our study, the mRNA level of APPL1 was detected by quantitative real-time PCR (RT-qPCR). 
The expressions of APPL1, Apoptotic protease activating factor-1 (APAF-1), cleaved caspase9 and 
other inflammation- and apoptosis-related proteins were determined by western blotting. The 
secretion of inflammatory cytokines and lactate dehydrogenase (LDH) levels were measured by 
commercial assay kits. The H9C2 cell viability was analyzed by cell counting kit-8 (CCK-8) assay. 
The apoptosis rate of H9C2 cells was analyzed by TUNEL assay. The interaction between APPL1 
and APAF-1/caspase9 was determined by Immunoprecipitation (IP).

Our findings demonstrated that APPL1 was low expressed in myocardial ischemia tissues and 
cells. APPL1 knockdown suppressed the viability of myocardial ischemia cells and aggravated 
hypoxia/reperfusion-induced LDH hypersecretion, inflammation and apoptosis. In addition, the 
overexpression of APPL1 induced inactivation of APAF-1/Caspase9 signaling pathway. 
Significantly, APAF1 inhibitor reversed the effect of APPL1 knockdown on viability, LDH secretion, 
inflammation and apoptosis.

We conclude that APPL1 inhibits myocardial ischemia/hypoxia-reperfusion injury via inactiva-
tion of APAF-1/Caspase9 signaling pathway. Hence, APPL1 may be a novel and effective target for 
the treatment of myocardial ischemia.
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Introduction

Myocardial ischemia is a severe pathological con-
dition that mediates the progression of multiple 
cardiovascular diseases, including myocardial 
infarction, stroke, and peripheral vascular disease 
[1]. An early intervention to restore blood flow to 
the ischemic myocardium is a common strategy to 
salvage cardiomyocytes and limit infarct size [2,3]. 
However, after interruption of myocardial blood 
supply and oxygen supply in a short time, the 
reperfusion often results in paradoxical cardio-
myocyte death and dysfunction, a phenomenon 
termed myocardial ischemia/hypoxia-reperfusion 
injury [4–6]. Myocardial ischemia/hypoxia- 
reperfusion injury usually causes massive myocar-
dial cell apoptosis, which leads to myocardial 
infarct size s [7–11]. The cell death induced by 
myocardial ischemia/hypoxia-reperfusion injury 
involves intricate pathological mechanisms that 
do not render the detailed mechanism of myocar-
dial ischemia/hypoxia-reperfusion injury fully 
illuminated.

Adaptor protein containing a PH domain, PTB 
domain and leucine zipper motif 1 (APPL1) is an 
important intracellular binding partner for 
Adiponectin Receptor (AdipoR) contributing to 
the pathogenesis of acute injury or fibrosis 
[12,13]. Previous study has reported that APPL1 
upregulation attenuated late kidney fibrosis 
induced by ischemia reperfusion [14]. Moreover, 
adiponectin alleviated hypoxia/ischemia-induced 
neuronal apoptosis and brain atrophy through 
the activation of AdipoR1/APPL1 signaling path-
way [15]. Of note, it has been reported that APPL1 
knockdown partly abolished the protective effect 
of adiponectin on cardiomyocytes apoptosis 
induced by hypoxia/reoxygenation [16]. However, 
there are few studies on the role of APPL1 in 
myocardial ischemia. APAF-1 with a molecular 
weight of 130kD is involved in the intrinsic or 
mitochondrial pathway of apoptosis and, recruit-
ing and activating procaspase9 to form apoptotic 
complex [17,18], the inhibition of which could 
ameliorate the I/R-induced injury. APPL1 is pre-
dicted to binding to caspase9 /APAF-1 by String 
database [19,20]. We predicted that the role of 
APPL1 in myocardial injury induced by ischemia- 
reperfusion could be related to caspase9 /APAF-1. 

Hence, the aim of the present study was to inves-
tigate the specific mechanism underlying the role 
of APPL1 in myocardial injury caused by ische-
mia/reperfusion and clarified whether caspase9 / 
APAF-1 is involved in the mechanism of APPL1 in 
myocardial ischemia/reperfusion model in vivo/ 
vitro.

Materials and methods

An animal model of ischemia-reperfusion injury

Eight-week-old C57BL/6 mice (male, weight: 20– 
25 g, age: 6 weeks) were anesthetized by injection 
of sodium pentobarbital (60 mg/kg, i.p.) followed 
by tracheal intubation aided by a rodent ventilator. 
The mice were randomly divided into two groups: 
control (n = 6) and I/R (n = 6). By a standard 
surgical approach, ischemia-reperfusion injury 
(IR) was induced by 30 min of ischemia followed 
by 6 h of reperfusion injury [21]. Sham surgical 
procedures were performed on the control group. 
The mice were quickly decapitated, the brain tissue 
was removed and placed on ice, and the cerebel-
lum and brainstem were removed to detect the 
corresponding indexes. The study was approved 
from the Ethics Committee of Hainan General 
Hospital.

Cell culture and transfection

To establish a cellular hypoxia/reperfusion model 
(H/R), serum/glucose-free DMEM was used. 
H9C2 cells (rat embryonic-heart derived cell 
lines) in H/R group, obtained from the American 
Type Culture Collection, were cultured in anaero-
bic conditions (94% N2, 5% CO2, and 1% O2) and 
maintained at 37°C for 4 h [22]. The cells were 
then transferred to the normoxic incubator for 4 h 
to undergo reoxygenation. Cells under normoxic 
conditions served as a control.

Small interfering (si)-APPL1 (siRNA_APPL1-1: 
5ʹ-CCGAAAGGCUCCAUACCUUTT-3ʹ; 
5-TTGGCUUUCCGACCUAUGGAA-3. 
siRNA_APPL1-2, 5ʹ- 
GGAUUUAUGAUGCACAGAATT-3ʹ, 5ʹ- 
TTCCUAAAUACUACGUGUCUU-3ʹ. siRNA-NC: 
5ʹ-UUCUCCGAACGUGUCACGUTT-3ʹ, 5ʹ- 
TTAAGAGGCUUGCACAGUGCA-3ʹ), the 
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scramble siRNA plasmids overexpressing APPL1 
(Ov-APPL1, 1 µg/ml) and its control (empty plas-
mids, Ov-NC, 1 µg/ml) were obtained from 
Shanghai GenePharma Co., Ltd. (Shanghai, China). 
The si-APPL1 (50 nM) and si-NC (50 nM) were 
transfected into H9C2 cells using Lipofectamine 
2000 (Invitrogen, Carlsbad, CA) according to the 
manufacturer’s instructions. After 24 h, the cells 
were subjected to H/R treatment.

Quantitative real-time PCR

The total RNA was extracted from heart tissues or 
H9C2 cells with Trizol reagent (Invitrogen, 
Carlsbad, CA, USA). After authentication of 
RNA quality and quantity, total RNA was reversely 
transcribed into complementary DNA using 
a Transcription kit (Titan One Tube RT-PCR, 
Roche) according to manufacturer’s protocols. 
A SYBR green qPCR assay kit (TaKaRa, Japan) 
was employed to amplify the expression level of 
APPL1 with GAPDH as the internal references. 
The PCR conditions consisted of predegeneration 
for 5 min at 95°C, and cycles of 40 at 95°C for 10s 
and at 60°C for 30s. The 2�ΔΔCt method [23] was 
adopted to calculate the relative mRNA levels of 
APPL1. The primers used are as following: APPL1 
Forward: 5ʹ- GCCACCAACAGCTCGAACCAG- 
3ʹ, Reverse: 5ʹ- TGTACGCCTGCCTCCTTGACC- 
3ʹ. GAPDH Forward: 5ʹ- 
AGGTCGGTGTGAACGGATTTG −3ʹ, Reverse: 
5ʹ- GGGGTCGTTGATGGCAACA-3ʹ.

Western blotting

The heart tissues and H9C2 cells of each group were 
lysed with RIPA lysis buffer (Beyotime, Shanghai, 
China) to extract the total protein. Then, 25 µg 
protein samples were fractionated by 10% SDS- 
PAGE and transferred onto PVDF membranes. 
Thereafter, the membranes were blocked, incubated 
at 4°C overnight with primary antibodies, and cor-
responding HRP-labeled secondary antibody at 
room temperature for 2 h. Primary antibodies, 
including anti-APPL1 antibody (1:1000), anti-NF 
-κb p65 antibody (1:1000) and anti-Cox2 antibody 
(1:1000), anti-Bcl-2 antibody (1:1000), anti-Bax 
antibody (1:1000), anti-Cleaved PARP antibody 
(1:500), anti-APAF1 antibody (1:1000), anti- 

Cleaved caspase9 antibody (1:1000), anti-Caspase9 
antibody (1:1000), were obtained from Cell 
Signaling Technology. Chemiluminescent 
(Immobilon ECL Ultra Western HRP) was used to 
develop color (Sigma-Aldrich) models. The protein 
bands were visualized using an automatic gel ima-
ging analyzer. The intensity of the bands was quan-
tified using Image Lab software and normalized to 
GAPDH expression.

Hematoxylin-Eosin (HE) staining

The heart tissues were fixed with 4% neutral paraf-
ormaldehyde, washed with running water for 5 min 
after 48 h, dehydrated with gradient alcohol, and 
sliced into 3–4 sections (5 μm thick) using the par-
affin slicing machine. Subsequently, the tissue sec-
tions were baked at 70°C for 60 min, followed by 
deparaffinization, hydration, HE staining, and sealed 
with neutral balsam. After HE staining, a light micro-
scope was employed for histological observation.

CCK-8 assay

H9C2 cells were plated into 96-well plates at 
a density of 5.0 × 103/well. After 24 h of incuba-
tion, 10 μL of cell counting kit-8 (CCK-8) reagent 
was added to each well and cultured at 37°C for 
1 h. The absorbance of each sample was measured 
at 450 nm using a Microplate Reader (Bio-Rad, 
Hercules, CA, USA). This experiment was 
repeated at least three independent times.

Detection of LDH, TNF-α, IL-1β and IL-6

Transfected H9C2 cells were collected for detect-
ing activities of lactate dehydrogenase (LDH) fol-
lowing the manufacturer’s instructions of LDH 
cytotoxicity assay kit (Beyotime, Shanghai, 
China). Additionally, the concentrations of inflam-
matory cytokines including TNF-α, IL-1β and IL-6 
in supermatants of cells were determined by spe-
cific ELISA kits (Invitrogen, Carlsbad, CA, USA).

TUNEL assay

To assess apoptosis rate of H9C2 cells, 4% paraf-
ormaldehyde was used to fix the cells. PBS con-
taining 0.3% Triton X-100 was added to H9C2 
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cells. Finally, TUNEL solution (50 µl) was added 
for staining, and nuclear cells labeled positively 
were considered as apoptotic cells. The positive 
cells were detected by a fluorescence microscope 
(Nikon, Japan) at least five random separate fields. 
The percentage of apoptosis cells was calculated 
and analyzed.

Immunoprecipitation assay (IP)

In order to further explore the mechanism of 
accelerating the inflammatory injury and apoptosis 
of cardiomyocytes after APPL1 silencing, it was 
predicted that APPL1 could combine with cas-
pase9 /APAF-1 through String database (https:// 
www.string-db.org/). Next, IP assay was used to 
explore their association. Cells were collected and 
lysed with IP lysis buffer containing protease inhi-
bitor. After centrifugation at 12,000 × g at 4°C, 
anti-APAF1 or Caspase9 antibody (1 µg) was 
added into the supernatant on a rotating platform 
overnight at 4°C. Subsequently, 50 µl of 
SureBeads™ protein G magnetic beads 
(no. 1,614,023; Bio-Rad Laboratories, Inc., 
Hercules, CA, USA) were added into the above 
mixture at 4°C with gentle rotation for 4 h. The 
pellets were dissolved in 60 µl 1x electrophoresis 
sample buffer and boiled at 95°C for 5 min. 
Samples (30 µl) were analyzed by western blotting 
as aforementioned.

Statistical analysis

All values are presented as the mean ± SEM and 
analyzed using GraphPad Prism® 5.0 (GraphPad 
Software, Inc., La Jolla, CA). One-way ANOVA 
followed by turkey’s post hoc test was performed 
to determine the differences in the means among 
multiple groups. P < 0.05 was considered statisti-
cally significant.

Results

APPL1 was low expressed in myocardial ischemia 
tissues and cells

To explore the role of APPL1 in myocardial ische-
mia/hypoxia-reperfusion injury, the APPL1 
expression was measured by RT-qPCR and wes-
tern blotting. As shown in Figure 1a&B, the 
mRNA and protein expression of APPL1 was sig-
nificantly decreased in myocardial tissues in mice 
with I/R treatment compared to controls. 
Meanwhile, the histological changes were observed 
by HE staining. The results revealed that there 
were no abnormalities in control group, and the 
myocardial fibers were arranged orderly without 
enlarged necrotic gap. In I/R group, there were 
myocardial necrosis with an obviously enlarged 
gap (Figure 1c). Next, we wonder to know the 
role of APPL1 and uncover its mechanism in H/ 
R-caused injury in H9c2 cells. Consistent with the 

Figure 1. APPL1 expression level is low in myocardial ischemia tissues of mice. (Control: n = 6, H/R: n = 6) (a) The mRNA level of 
APPL1 in myocardial tissues was measured by Quantitative real-time PCR. (b) The APPL1 protein in myocardial tissues was 
determined by western blotting. (c) The pathological changes of myocardial tissues were observed by hematoxylin-Eosin (HE) 
staining. Error bars represent the mean ± SEM from three independent experiments. ***P < 0.001.
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observation in myocardial ischemia tissues, the 
results from RT-qPCR and western blotting 
showed that hypoxia-reperfusion treatment caused 
a reduction in APPL1 expression in H9C2 cells 
when compared with control group (Figure 2 
A & B). These results demonstrated that APPL1 
was low expressed in myocardial ischemia tissues 
and cells.

APPL1 knockdown suppressed the viability of 
myocardial ischemia cells and aggravated 
LDH secretion

To investigate the role of APPL1 in H9C2 cells 
under H/R exposure, the APPL1 knockdown was 
achieved by transfection of siRNA-APPL1. In 
Figure 3a&B, the APPL1 expression in siRNA- 
APPL1-1 group tended to be less than that in 

Figure 2. APPL1 was low expressed in H9C2 cells under H/R exposure (a) The mRNA level of APPL1 in myocardial ischemia cells was 
measured by Quantitative real-time PCR. (b) The APPL1 expression in myocardial ischemia cells was determined by western blotting. 
Error bars represent the mean ± SEM from three independent experiments. **P < 0.01, ***P < 0.001.

Figure 3. APPL1 knockdown suppressed the viability of H9C2 cells under H/R exposure, and aggravated LDH secretion. (a) The mRNA 
level of APPL1 in H9C2 cells was measured by Quantitative real-time PCR. (b) The APPL1 expression in H9C2 cells was determined by 
western blotting. (c) The H9C2 cell viability was detected by CCK8 assay. (d) The LDH level was analyzed by commercial assay kit. 
Error bars represent the mean ± SEM from three independent experiments. **P < 0.01, ***P < 0.001.

BIOENGINEERED 4389



siRNA-APPL1-2 group. Hence, siRNA-APPL1-1 
was selected for subsequent experiments. At the 
same time, the H9C2 cell viability was detected by 
CCK-8 assay As shown in Figure 3c, APPL1 
knockdown suppressed viability of H9C2 cells 
with H/R treatment. Moreover, APPL1 knock-
down induced hypersecretion of LDH in H9C2 
cells with H/R treatment (Figure 3d). These results 
suggested that APPL1 knockdown suppressed via-
bility of myocardial ischemia cells and aggravated 
LDH secretion.

APPL1 knockdown aggravated hypoxia/ 
reperfusion-induced inflammation and 
apoptosis

To further investigate the role of APPL1 in H9C2 
cells challenged with H/R,, the effect of APPL1 
knockdown on inflammation and cell apoptosis 
was analyzed. The inflammatory cytokines including 
TNF-α, IL-1β and IL-6 were measured with ELISA 
kits. As shown in Figure 4a, APPL1 knockdown 
significantly increased the concentration of TNF-α, 
IL-1β and IL-6 in H9C2 cells with H/R treatment, as 

well as in inflammation-related proteins including 
NF-κb p65 and Cox2 (Figure 4b). Furthermore, 
TUNEL assay was performed to determine the cell 
apoptosis rate. As shown in Figure 5a&B, APPL1 
knockdown led to higher apoptosis rate of H9C2 
cells with H/R treatment. Additionally, western blot-
ting results presented that Bcl-2 expression (anti- 
apoptosis protein) was decreased, while Bax (pro- 
apoptosis protein) and Cleaved PARP expressions 
were increased in H9C2 cells from H/R+ siRNA- 
APPL1 compared to H/R group (Figure 5c). Thus, 
we concluded that APPL1 knockdown aggravated 
H/R-induced inflammation and apoptosis.

The effect of APPL1 on APAF-1/Caspase9 
signaling pathway

To investigate the detailed mechanism underlying 
the role of APPL1 in H9C2 cells subjected to H/R 
treatment, the interaction in APPL1 and caspase9/ 
APAF-1 were predicted using String database. The 
western blotting results demonstrated that APPL1 
knockdown enhanced the expressions of APAF-1 
and Cleaved caspase9 in H9C2 cells with H/R 

Figure 4. APPL1 knockdown aggravated hypoxia/reperfusion-induced inflammation in H9C2 cells. (a) The production of inflamma-
tory cytokines including TNF-α, IL-1β and IL-6 was quantified with corresponding ELISA kit. (b) The expression levels of NF-κb p65 
and Cox2 were determined by western blotting. Error bars represent the mean ± SEM from three independent experiments. 
**P < 0.01, ***P < 0.001.
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treatment (Figure 6a). Next, the immunoprecipi-
tates of caspase9 were detected with antibody to 
caspase9 or APAF-1. APAF-1 is co- 
immunoprecipitated with caspase9 from H9C2 
cells under H/R treatment with or without siRNA- 
APPL1 transfection. Furthermore, APPL1 silen-
cing significantly increased the protein levels of 
APAF-1 and caspase9 in (Figure 6b). IP results 
suggested that APPL1silencing can promote the 
interaction of caspase9 and APAF-1 (Figure 6b). 
In Figure 6c&D, the results from Western Blotting 
and RT-PCR proved the high transfection effi-
ciency of OV-APPL1. APPL1 overexpression 
markedly induced the inactivation of APAF-1/ 
Caspase9 signaling pathway, while the treatment 
of recombinant cytochrome C (Cytoc) abolished 
the inhibitive effect of APPL1 overexpression on 
APAF-1 and Cleaved caspase9 expression 
(Figure 6e). These results implied that APAF-1/ 
Caspase9 signaling pathway is mediated by the 
role of APPL1 in myocardial ischemia.

APAF1 inhibitor reversed the effect of APPL1 
knockdown on the cell viability, LDH secretion, 
inflammation and apoptosis

To confirm whether APAF-1/Caspase9 signal-
ing pathway mediated the role of APPL1 in H9C2 
cells exposed to H/R,, APAF1 inhibitor (ZYZ-488) 
was used in further study. As shown in Figure 7a, 
the H9C2 cell viability was elevated by APAF1 
inhibitor treatment. Meanwhile, APAF1 inhibitor 
remarkably depressed the LDH secretion in H9C2 
cells transfected with siRNA-APPL1 (Figure 7b). 
Furthermore, ZYZ-488 treatment inhibited the 
expression of inflammation-related proteins (NF- 
κB p65, Cox2) and apoptosis-related proteins (Bcl- 
2, Bax, cleaved PARP) in H9C2 cells from H/R 
+ siRNA-APPL1+ APAF1 inhibition group, com-
pared to H/R+ siRNA-APPL1 group 
(Figure 8a&B). These results indicated that 
APAF1 inhibitor reversed the effect of APPL1 
knockdown on viability, LDH secretion, inflam-
mation and apoptosis.

Discussion

Myocardial ischemia-reperfusion (I/R) injury is 
a major stimulative factor for the morbidity and 
mortality related to coronary artery diseases [24]. 

Figure 5. APPL1 knockdown aggravated hypoxia/reperfusion-induced apoptosis in H9C2 cells. (a-b) The H9C2 cell apoptosis was 
analyzed by TUNEL assay and quantification. (c) The expression levels of Bcl-2, Bax, cleaved PARP were determined by western 
blotting. Error bars represent the mean ± SEM from three independent experiments. **P < 0.01, ***P < 0.001.
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Emerging evidence has implied that APPL1 was 
involved in the pathology of renal ischemia and 
brain ischemia [14,15]. However, it is unclear 
whether APPL1 could contribute to the onset and 
development of myocardial ischemia. Hence, the 
present study aimed to explore the role of APPL1 
in myocardial ischemia.

In our study, the APPL1 expression was signifi-
cantly reduced in cellular H/R model and the 

myocardial tissue of I/R injury mice model, sug-
gesting APPL1 was closely related to pathogenesis 
of myocardial ischemia. Lactate dehydrogenase 
(LDH) level was remarkably increased at the end 
of ischemia and continued to be at aberrantly high 
levels throughout reperfusion progression [25]. 
LDH has also emerged as a reliable predictor to 
estimate the toxic potential at the cellular level 
[26]. APPL1 knockdown significantly suppressed 

Figure 6. The effect of APPL1 on APAF-1/Caspase9 signaling pathway in H9C2 cells with H/R stimulation. (a) The expression levels of 
APAF-1, Cleaved caspase9/caspase9 were determined by western blotting. (b) The interaction between APPL1 and APAF-1/Caspase9 
was verified by immunoprecipitation (IP). Caspase9 was immunoprecipitated (IP) from H9C2 cells exposed to H/R stimulation with or 
without siRNA-APPL1 transfection, and the immunoprecipitates or supernatant (Input) were immunoblotted for Caspase9 and APAF- 
1. (c) The mRNA level of APPL1 in H9C2 cells was measured by Quantitative real-time PCR. (d) The APPL1 expression in H9C2 cells 
was determined by western blotting. (e) The expression levels of APAF-1, Cleaved caspase9/caspase9 were determined by western 
blotting. Error bars represent the mean ± SEM from three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001.
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H9C2 cell viability and aggravated LDH secretion, 
suggesting that APPL1 may protect myocardial 
cells against H/R treatment-induced cell injury. 
To further confirm the role of APPL1 in myocar-
dial ischemia, the inflammation and apoptosis 
were evaluated by further assays. NF-κB is impli-
cated in the expression of many downstream 

proinflammatory genes, such as Cox-2, TNF-α, 
IL-1β, and IL-6, which are involved in the inflam-
mation response in myocardial infarction and 
myocardial ischemia/reperfusion [27,28]. The 
study found that the protein levels of Cox-2, NF- 
κB p65, TNF-α, IL-1β and IL-6, were significantly 
increased after H/R induction and further 

Figure 7. APAF1 inhibitor reversed the effect of APPL1 knockdown on viability and LDH secretion in H9C2 cells under H/R exposure. 
(a) The H9C2 cell viability was detected by CCK8 assay. (b) The LDH level was analyzed by commercial assay kit. Error bars represent 
the mean ± SEM from three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001.

Figure 8. APAF1 inhibitor reversed the effect of APPL1 knockdown on inflammation and apoptosis in H9C2 cells under H/R 
challenge. (a) The expression levels of NF-κb p65 and Cox2 were determined by western blotting. (b) The expression levels of 
Bcl-2, Bax, cleaved PARP were quantified by western blotting. Error bars represent the mean ± SEM from three independent 
experiments. **P < 0.01, ***P < 0.001.
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increased by APPL1 silencing. Furthermore, their 
levels were able to be reversed by the addition of 
APAF-1 inhibitor, which implied that APPL1 and 
caspase9/APAF-1 affected inflammation induced 
by H/R possibly related to NF-κB pathway. 
Inflammatory response induced by I/R stimulation 
is one of the most important elements in myocar-
dial I/R injury, which plays a crucial role in the 
regulation of myocyte autophagy and apoptosis 
[29–31]. Cardiomyocyte apoptosis is an important 
remodeling event contributing to heart failure 
[16]. The ensuing finding that APPL1 knockdown 
led to higher cell apoptosis rates and increased the 
protein levels of pro-apoptotic-proteins, Bax and 
cleaved PARP, and reduced anti-apoptosis protein 
Bcl-2 protein levels that participated in the apop-
tosis induced by myocardial ischemia/reperfusion 
[32,33]. It was reported that the inhibition of 
PARP activity could keep ischemia–reperfusion 
injury in bay [34]. Thus, the results prompted the 
recognition that APPL1 can protect myocardial 
cells against H/R treatment-induced inflammatory 
response and cell apoptosis.

To investigate the detailed mechanism under-
lying the role of APPL1 in myocardial ischemia, 
the interaction between APPL1 and caspase9/ 
APAF-1 was predicted and demonstrated by our 
findings. Furthermore, APPL1 exerted negatively 
regulative effect on the expressions of APAF1 and 
cleaved caspase9, which implied that APAF-1/ 
Caspase9 signaling pathway may mediate the role 
of APPL1 in myocardial ischemia. It has been 
reported that APAF-1 was involved in the protec-
tive effect of caspase recruitment domain- 
containing protein 9 on cardiomyocytes from 
apoptosis following myocardial I/R injury in vivo 
and in vitro [19]. The APAF-1 inhibitor attenuated 
cardiomyocyte apoptosis via disturbing procas-
pase-9 recruitment by APAF-1 [15]. Moreover, 
APAF-1-interacting protein plays cardioprotective 
roles in myocardial infarction [35]. Subsequently, 
APAF1 inhibitor ZYZ-488 was used to further 
validate whether APAF-1/Caspase9 signaling path-
way mediated the cardioprotective role of APPL1 
in I/R injury. The following results indicated that 
APAF1 inhibitor markedly enhanced cell viability 
and inhibited LDH secretion, inflammation and 
cell apoptosis. Collectively, these data provided 
evidence that APPL1 inhibits myocardial I/R 

injury via inactivation of APAF-1/Caspase9 signal-
ing pathway.

Conclusion

Taken together, APPL1 knockdown suppressed the 
viability of myocardial ischemia cells and aggravated 
hypoxia/reperfusion-induced LDH hypersecretion, 
inflammation and apoptosis, which was, to our 
interest, abrogated by APAF1 inhibitor. Thus, 
APPL1 inhibits myocardial I/R injury via inactiva-
tion of APAF-1/Caspase9 signaling pathway. Hence, 
APPL1 may be presented as a novel and effective 
target for the treatment of myocardial ischemia.

Highlights

(1) APPL1 was involved in myocardial injury 
induced by hypoxia/reperfusion.

(2) The inflammation and apoptosis caused by 
hypoxia/reperfusion could be regulated 
through APPL1 via APAF-1/Caspase9 sig-
naling pathway.

(3) APPL1 affected the binding of APAF-1 and 
Caspase9.
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