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Abstract

Background: This study aimed to evaluate the protective effect and mechanisms of remote
limb ischaemic postconditioning (RIPostC) against myocardial ischaemia/reperfusion (IR)
injury. Methods: Male mice underwent 45 min of coronary artery occlusion followed by 2
h of reperfusion. RIPostC was achieved by three cycles of 5 min of ischaemia and 5 min of
reperfusion in the left hind limb at the start of the reperfusion period. After 2 h of cardiac
reperfusion, myocardial infarct size, cardiac enzyme release, apoptosis and oxidative stress
were assessed. Protein expression and phosphorylation were measured by Western blotting.
Results: RIPostC significantly decreased cardiacIR injury, as reflected by reduced infarct size and
cellular apoptosis (22.9 £ 3.3% vs 40.9 + 6.2% and 13.4% + 3.1% vs 26.2% + 3.1%, respectively,
both P < 0.01) as well as plasma creatine kinase-MB (CK-MB) and lactate dehydrogenase
(LDH) release (21.97 + 4.08 vs 35.86 + 2.91 ng/ml and 6.17 + 0.58 vs 8.37 + 0.89 U/ml,
respectively, both P < 0.01) compared with the IR group. RIPostC significantly increased the
phosphorylation of myocardial STAT3, Akt and eNOS (P < 0.01). In addition, RIPostC elevated
the nuclear translocation of Nrf2 and the expression of HO-1 and reduced myocardial oxidative
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stress (P < 0.05). Interestingly, pretreatment with the JAK/STAT3 inhibitor AG490 blocked the
cardioprotective effect of RIPostC accompanied by decreased phosphorylation of myocardial
STAT3, Akt and eNOS (P < 0.05), decreased nuclear translocation of Nrf2 and expression
of HO-1, as well as increased oxidative stress (P < 0.05). Conclusion: RIPostC attenuates
apoptosis and protects against myocardial IR injury, possibly through the activation of JAK/
STAT3-mediated Nrf2-antioxidant signalling.

© 2017 The Author(s)
Published by S. Karger AG, Basel

Introduction

Myocardial ischaemia/reperfusion (IR) injury is the major risk during the operative
and perioperative period for patients undergoing coronary artery bypass grafting (CABG)
surgery. In spite of clinical improvements in myocardial protection and perioperative care,
mortality is still substantial within 30 days after CABG surgery, averaging 3% to 6%, and the
rate of myocardial infarction remains high, up to 17.8% [1]. Therefore, myocardial IR injury
in patients with CABG is a significant challenge faced by modern cardiac practices; effective
measures to attenuate myocardial IR injury may therefore improve patients’ postoperative
survival.

Ischaemic preconditioning and postconditioning have been widely applied to generate
cardioprotection against myocardial IR injury [2-5]. However, the applicability of ischaemic
preconditioning is limited by the unpredictable nature of ischaemic events during the
operative period. Zhao et al. reported that local ischaemic postconditioning induced by
repeated occlusion/release cycles in the left anterior descending coronary artery could
reduce infarct size and preserve endothelial function in a myocardial IR model [6]. However,
the local ischaemic postconditioning strategy involves repetitive trauma to the artery that
may contribute to restenosis, which limits its clinical application in organs that have suffered
life-threatening ischaemia. Compared with local ischaemic postconditioning, remote limb
ischaemic postconditioning (RIPostC) by repeated occlusion/release cycles in the lateral
femoral artery is an effective, feasible and non-invasive method to exert cardioprotection to
prevent IR insult [4, 7, 8]. The cardioprotection induced by ischaemic pre-, post- and remote
conditioning has shown promising results, reducing infarct size and improving clinical
outcomes in patients with ischaemic heart disease. However, there have been some clinical
trials showing that ischaemic pre-, post- and remote conditioning have no effect on patients
with acute myocardial infarction, given that patients receiving cardiac surgery almost always
have comorbidities such as diabetes, ageing, and obesity that comprise the beneficial effects
of cardioprotective interventions (e.g., remote ischaemic postconditioning). It is not yet time
to give up on cardioprotection through conditioning interventions; efforts should be made
to further explore the underlying mechanism of these cardioprotective interventions [9,
10]. According to recent studies, the mechanism of RIPostC cardioprotection may involve
autophagy [11] and transient receptor potential vanilloid 1 activation [12] in animal models.
However, in patients undergoing CABG surgery, Gedik et al. reported that protection through
remote ischaemic preconditioning did not appear to be associated with enhanced autophagy
in left ventricular myocardium at early reperfusion [13]. Nevertheless, the underlying
molecular mechanisms of cardioprotection induced by RIPostC remain poorly understood.

Recent studies have shown that the cardioprotective benefit of ischaemic
postconditioningislostin signal transducer and activator of transcription 3 (STAT3)-deficient
mice, which suggests that Janus Kinase (JAK)/STAT3 activation is essential for ischaemic
postconditioning [14-16]. STAT3 is important for cardiomyocyte function via modulation
of mitochondrial and transcriptional responses, and, beyond that role, it also modulates the
cardiac microenvironment and communicates with cardiac fibroblasts [17]. In addition, the
latest study from our group has demonstrated that phosphorylation of STAT3 can activate Akt
and that both play critical roles in the activation of endothelial nitric oxide synthase (eNOS)
and the subsequent attenuation of myocardial IR injury [18]. Opening of the mitochondrial
permeability transition pore (mPTP), which is negatively regulated by the above mentioned
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proteins, leading to abolition of mitochondrial functions, is a major mechanism of myocyte
apoptosis and necrosis by IR [19, 20]. Although many data have suggested that JAK/STAT3
plays a critical role in the cardioprotective effect of ischaemic conditioning [21], the roles of
that pathway in cardioprotection induced by RIPostC remain unknown.

Excessive oxidative stress is considered one of the leading causes of myocardial
dysfunction in IR injury [22]. Under physiological conditions, nuclear factor erythroid
2-related factor 2 (Nrf2) localizes in the cytoplasm and binds to its inhibitor Kelch-like ECH-
associated protein 1 (KEEP1) [23]. Upon exposure of cells to oxidative stress or electrophilic
compounds, Nrf2 is activated and translocates into the nucleus, where it binds to antioxidant
response elements to promote a series of antioxidant genes, including heme oxygenase (HO-
1) and superoxide dismutase (SOD) [24]. Therefore, Nrf2 is a key component of cellular
redox homeostasis in the attenuation of oxidative stress-associated pathological processes
and plays an important role in cardiovascular diseases [25].

Therefore, the purpose of our study was to test the hypothesis that RIPostC protects
against myocardial IR injury mainly through the activation of JAK/STAT3-mediated Nrf2-
antioxidant signalling in mice.

Materials and Methods

Animal care

Male C57BL/6 mice were purchased from Wuhan University (Wuhan, China) and utilized at 7-8 weeks
of age. The animal protocol was approved by the Animal Care and Use Committee of Tongji Medical College
of Huazhong University of Science and Technology.

Animal protocol

Mice were anaesthetized with pentobarbital sodium (70 mg/kg, intraperitoneal injection), and
anaesthesia was maintained via supplemental doses of pentobarbital sodium (30 mg/kg) as needed.
Tracheotomy was performed, and mice were mechanically ventilated. We induced experimental ischaemia
by temporarily exteriorizing the heart via a left thoracic incision and tying an 8-0 silk suture in a slipknot
around the left anterior descending coronary artery (LCA). Mice were subjected to 45 min of transitory
ligation followed by 2 h of reperfusion.

During the reperfusion period, RIPostC was induced by 3 cycles of 5 min of left femoral artery occlusion
with a microvascular clamp under an operating microscope, as previously described [26], and 5 min of
reperfusion.

Mice were randomly divided into the following five groups (Fig. 1): 1) Sham, in which the ligature was
placed under the LCA without occlusion; 2) IR, in which mice were subjected to 45 min of coronary artery
occlusion followed by 2 h of reperfusion; 3) RIPostC, in which mice received a left hind limb intervention
with 3 cycles of 5 min of reperfusion followed by 5 min of ischaemia immediately at the onset of the
coronary reperfusion period; 4) RIPostC+AG490, in which mice received the JAK/STAT3 inhibitor AG490
(20 mg/kgi.p., dissolved in 5% dimethyl sulfoxide (DMSO), Sigma-Aldrich, Germany) 10 min before the start
of reperfusion and underwent a left hind

limb intervention with 3 cycles of 5 min of

reperfusion followed by 5 min ofischaemia sham [ 45 min [ 120 min |
at the onset of coronary reperfusion; and

5) RIPostC+DMSO, in which mice received IR 120 min reperfusion |
the same volume of DMSO 10 min before il

the start of reperfusion and underwent a RIPostC 120 min reperfusion |
left hind limb intervention with 3 cycles AGfQHEh

of 5 min of reperfusion followed by 5 R|p°5tc+AG4go 120 min reperfusion |
min of ischaemia at the onset of coronary °”5°I‘IED

reperfusion. RIPostc+DMSO 120 min reperfusion I

Fig. 1. Experimental groups and protocol.
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Determination of risk and infarct sizes

At the end of perfusion, the LCA was reoccluded at the same site, and 0.3 ml of 2% Evans blue dye was
injected into the abdominal vein to identify the area at risk (AAR), which would remain unstained in contrast
to the blue, non-ischaemic part of the myocardium. The heart was then frozen at -20°C for 20 min and cut
transversely into four 1-mm-thick sections. After being incubated in 2% 2, 3, 5-triphenyltetrazolium chloride
(TTC, Sigma-Aldrich, Germany) solution for 20 min at 37°C, the slices were fixed in 4% paraformaldehyde
solution overnight to identify viable myocardium, which stained red while the necrotic (infarcted) tissue
remained pale. The AAR is expressed as a percentage of the total weight, and the infarct size (IS) is expressed
as a percentage of the weight of the AAR. The extent of the area of necrosis was quantified by computerized
planimetry (Image] 1.4).

Measurement of plasma creatine kinase-MB (CK-MB) and lactate dehydrogenase (LDH) levels

After 2 h of reperfusion, blood samples were collected for measurement of CK-MB by an enzyme
immunoassay using a commercial kit (USCN Life Science Inc., China) and LDH by a colourimetric method
using a commercially available assay kit (Jiancheng Bioengineering Institute, China), according to the
manufacturer’s instructions.

Detection of Myocardial Apoptosis

Myocardial apoptosis was assessed through a TUNEL assay. Samples of paraformaldehyde-fixed
myocardial tissue embedded in paraffin were measured with an in situ cell detection kit (Roche Diagnostics,
Germany) to identify the apoptotic cells according to the manufacturer’s protocol, using a fluorescence
microscope. TUNEL-positive cells were counted under a high-power field (magnification, x 400). A total of
three fields per heart were analysed, and the mean *+ SD was determined.

Measurement of malondialdehyde (MDA) and superoxide dismutase (SOD) levels

After reperfusion, blood samples were collected for measurement of MDA by the thiobarbituric acid
method using an assay kit (Jiancheng Bioengineering Institute, China) and of SOD by the hydroxylamine
method using an assay kit (Jiancheng Bioengineering Institute, China).

Detection of superoxide generation

Superoxide generation was assessed by fluorescent-labelled dihydroethidium (Keygen Biotech Co.,
China) staining. Dihydroethidium is cell permeable and reacts with superoxide to form ethidium, which, in
turn, intercalates with DNA and produces nuclear fluorescence. The procedure was conducted in accordance
with the assay kit protocol.

Western blot analysis

Cytoplasmic and nuclear proteins were extracted from heart tissue using a Protein Extraction Kit
(Keygen Biotech CO., China) containing protease inhibitor and phosphatase inhibitor cocktails (Sigma
Aldrich, Germany), according to the manufacturer’s protocols. Protein concentration was measured by the
bicinchoninic acid method (Sigma Aldrich, Germany). Before the immunoblotting, aliquots of lysate were
mixed with 5x loading buffer containing 2-mercaptoethanol and maintained at 100°C for 10 min. Equal
amounts of protein (50 pg) were loaded and electrophoresed on 10% SDS-polyacrylamide gels and were
subsequently transferred to PVDF membranes. The membranes were blocked for 1 h at room temperature
with TBST containing 5% (w/v) non-fat milk. Membrane strips were then incubated at 4°C overnight with
primary antibodies at the following dilutions: phospho-Akt (Ser473), Akt and cleaved caspase 3 (Cell
Signaling Technology, USA) at 1:1000; phospho-STAT3 (Tyr705), STAT3, phospho-eNOS (Ser1177), eNOS
and Nrf2 (Abcam, UK) at 1:500; and HO-1 (ABclonal, China) at 1:1000. Following extensive washing, primary
antibody binding was detected with a secondary antibody (Cell Signaling Technology, USA) at 1:5000.
Protein bands were detected by a standard ECL method, and images were measured by a densitometer with
analysis software (Image] 1.4).

Statistical analysis
All values are reported as the mean * SD. Data analysis was performed with a personal computer
statistical software package (GraphPad Prism, San Diego, CA). One-way or two-way ANOVA was used to
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determine significant differences within
groups and between groups, respectively,
followed by the Newman-Keuls method
for multiple comparisons of group means.
Differences were considered statistically
significant when their P values were < 0.05.

Results

Haemodynamic parameters

The mean arterial blood
pressure (MAP) and heart rate
were recorded throughout the
experimental protocols in all groups.
Haemodynamic data are shown in
Table 1. There was no significant
difference in heart rate across groups,
either at baseline or throughout the
experiments (P > 0.05). The MAP of
all groups except the Sham group
was significantly decreased during
myocardial ischaemia and reperfusion
compared with the corresponding
baseline measurements (P < 0.01).
However, the MAP was remarkably
elevated in the RIPostC and
RIPostC+DMSO  groups compared
with the IR group during the 2 h of
reperfusion (P < 0.05). Interestingly,
AG490 but not DMSO blocked the effect
of RIPostC in elevating MAP during the
2 h of reperfusion (P < 0.05).

Infarct size and area at risk

As shown in Fig. 2, the AAR
did not differ significantly among
the five experimental groups (P >
0.05). RIPostC significantly reduced
the infarct size caused by IR injury
(RIPostC group, 22.9% * 3.3%, vs IR
group, 40.9% * 6.2%; P < 0.01). The
infarct size-limiting effect of RIPostC
was nearly abolished by AG490

Table 1. Hemodynamic parameters. All values are expressed
as mean * SD. n = 5 for per group. Heart rate (HR) and
mean arterial pressure (MAP) were measured at baseline
and during ischemia/reperfusion. ™ P < 0.01 VS their
corresponding Baseline; * P < 0.05 VS their corresponding
IR groups; ¢ P < 0.05 VS their corresponding RIPostC groups

Parameters Sham IR RIPostC RIPostC+AG490  RIPostC+DMSO
Heart rate (beats/min)
Baseline 3624 369+£15 37916 3669 3624
Ischemia 15 min 369+9 372+18 38022 369%9 361+£12
Reperfusion 2 h 369+13 37013 376+12 367+16 364 +8
Mean arterial blood pressure (mmHg)
Baseline 849 816 83+5 783 834
Ischemia 15 min 809 60 £4*  62+6% 626" 61+ 6%
Reperfusion 2 h 855 57 £ 5% 66+ 4¥F# 57 & 4¥F & 67 £ 6% #
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Fig. 2. Myocardial ischemia reperfusion injury expressed
as percentage infarct size. (A) Representative images of
nonischemic zones (blue) and infracted tissue (white)
within the AAR (absence of blue dye). (B) In all groups,
AAR did not differ significantly. (C) The infarct size was
reduced in RIPostC group. Presented values are mean *
SD. n=7 per group. © P<0.01 compared with IR group; *
P<0.01 compared with RIPostC group.

(RIPostC+AG490 group, 38.8 + 3.7%, vs RIPostC group, 22.9% + 3.3%; P <0.01). DMSO did not
affect the cardioprotective effect of RIPostC in reducing infarct size in mice (RIPostC+DMSO
group, 22.7% * 3.9%, vs RIPostC group, 22.9% * 3.3%; P > 0.05).

Cardiac enzyme release

Leakage of CK-MB isoenzyme and LDH from the myocardial tissues to the blood is
an indicator of acute myocardial infarction. As shown in Fig. 3, the release of CK-MB and
LDH was greatly increased after myocardial IR injury in mice (IR vs Sham group, P < 0.01).
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Fig. 3. Myocardial ischemia reperfusion injury ex- A
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in RIPostC group. Presented values are mean * SD. Z 0.
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The RIPostC group had a significantly lesser E . ** *k
release of CK-MB and LDH than the IR group 2
(P < 0.01). AG490 abolished the effect of é -
RIPostC in decreasing plasma CK-MB and LDH
secretion in mice (RIPostC+AG490 vs RIPostC .
group, P < 0.01; RIPostC+AG490 vs IR group, & N
P > 0.05). There was no significant difference M & &
in CK-MB or LDH release between the RIPostC & &

and RIPostC+DMSO groups (P > 0.05).

Analysis of apoptotic cells and cleaved caspase 3

Apoptosisis characterized by chromatin condensation and fragmentation, cell shrinkage,
and plasma membrane budding with release of apoptotic bodies that are phagocytized
[27]. As shown in Fig. 4 A and B, quantification of TUNEL-positive myocyte nuclei revealed
that the IR group contained significantly more apoptotic cells than the RIPostC group or
the RIPostC+DMSO group (IR group, 26.2% * 3.1%, vs RIPostC group, 13.4% =+ 3.1%, or
RIPostC+DMSO group, 13.3% * 3.0%, respectively; P < 0.01). However, the anti-apoptotic
effect of RIPostC was almost completely abolished by AG490 (RIPostC+AG490 vs RIPostC
group, P < 0.05; RIPostC+AG490 vs IR group, P > 0.05).

Cleaved (active) caspase 3 is known to play a central role in cellular apoptosis. As shown
in Fig. 4 C and D, both the RIPostC and RIPostC+DMSO groups produced remarkably less
cleaved caspase 3 than the IR group (P < 0.01), while pretreatment with AG490 significantly
abrogated the effect of RIPostC (P < 0.01).

Analysis of STAT3, Akt and eNOS phosphorylation

As shown in Fig. 5, the phosphorylation of STAT3, Akt and eNOS was significantly
increased after myocardial IR insult compared with the Sham group (P < 0.01). In addition,
RIPostC further increased the phosphorylation of STAT3, Akt and eNOS compared with the
levelsinthe IR group (P <0.01). However, AG490 remarkably suppressed the phosphorylation
of STAT3, Akt and eNOS induced by RIPostC (P < 0.05).

Analysis of oxidative stress

As shown in Fig. 6 A, the immunofluorescence images revealed that myocardial
superoxide anion generation (number of dihydroethidium-labelled nuclei) was significantly
increased in the IR group compared with the Sham group (P < 0.01). RIPostC markedly
decreased superoxide anion generation in mice, and the effect of RIPostC was blocked by
AG490. The level of the lipid oxidation marker MDA in the IR group was higher than that
in the Sham group, and the level was remarkably decreased by RIPostC (Fig. 6 B, P < 0.01).
After pretreatment with AG490, the level of MDA in the RIPostC+AG490 group was elevated
compared with the RIPostC group (P < 0.01). In addition, as shown in Fig. 6 C, the antioxidant
enzyme SOD was partly consumed in all groups after IR and restored by RIPostC. However,
the effect of RIPostC in restoring SOD was abolished by AG490 (RIPostC+AG490 vs RIPostC
group, P < 0.05).
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Fig. 4. Myocardial apoptosis TUNEL
detected by TUNEL staining .
and the protein expression
of cleaved caspase 3 (CC3).
(A) TUNEL staining. TUNEL
staining (green) indicates
apoptotic cells, DAPI coun-
terstaining (blue) indicates
total nuclei (magnification,
x400). (B) Bar diagram
showing quantitative data of
TUNEL. (C) The protein ex-
pression of CC3 was detect-
ed by western blot. (D) Bar
graph showing the quantifi-
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Analysis of Nrf2 and HO-1

As shown in Fig. 6 D, the nuclear translocation of Nrf2 was significantly induced by
IR insult in mice and further increased by RIPostC (Sham vs IR, P < 0.01; RIPostC vs IR,
P < 0.05). However, the nuclear translocation of Nrf2 was significantly blunted by AG490
(RIPostC+AG490 vs RIPostC, P < 0.05). As shown in Fig. 6 E, RIPostC significantly increased
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sented values are mean * SD. n=5 per group. " P<0.05 compared with IR group; “ P<0.01 compared with IR
group; *P<0.05 compared with RIPostC group; #** P<0.01 compared with RIPostC group.

myocardial HO-1 expression in mice, and the effect of RIPostC was markedly inhibited by
AG490 (P < 0.05).

Discussion

There were several novel findings in our current study. First, we demonstrated that
RIPostC attenuated apoptosis and protected against myocardial IR injury in mice. Second, the
cardioprotective effects induced by RIPostC were associated with increased phosphorylation
of myocardial STAT3, Akt, and eNOS. Third, RIPostC increased the nuclear translocation of
Nrf2 and the expression of HO-1, protecting against oxidative stress induced by myocardial
IR injury. More interestingly, the JAK/STAT3 inhibitor AG490 remarkably blocked the
cardioprotective effect of RIPostC due to the inhibition of myocardial STAT3, Akt and eNOS
phosphorylation as well as antioxidant elements.

Myocardial IR injury is a major cause of morbidity and mortality after cardiac operations
and myocardial infarctions. RIPostC is an experimental intervention that has the potential to
contribute to myocardial protection following ischaemic insult [11, 28]. Studies have shown
that the infarct size plays an important role in the onset and extent of irreversible cellular
injury [29, 30]. In our study, we found that RIPostC attenuated the myocardial infarct size
after 45 min of ischaemia and 2 h of reperfusion in mice, which suggested that RIPostC
significantly decreased the myocardial injury after IR insult. CK-MB release of more than five
to eight times the upper limit of the reference range is associated with an increased risk of
death [31]. In the RIPostC group, CK-MB and LDH release were powerfully reduced, which
indicated that the risk of myocardial death might be decreased. Cleaved caspase 3, which is
the activated fragment of caspase 3, can cleave the downstream death substrates and amplify
the upstream death cascade, which causes apoptosis of cells [32]. In our study, Western blot
analysis showed that the RIPostC group had a lower level of cleaved caspase 3 than the IR
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group and that RIPostC could inhibit the activation of pro-apoptotic substrates. In addition,
a TUNEL assay showed that the RIPostC group had significantly fewer apoptotic cells than
the IR group. These results demonstrated that RIPostC significantly increased the number of
surviving cardiomyocytes and decreased myocardial apoptosis in the ischaemic penumbra
following myocardial IR insult. It is important to note that although cardiomyocytes are the
predominant cell type in the heart, TUNEL staining is not cardiomyocyte specific; thus, other
cell types such as endothelial cells may have been stained in our TUNEL study, and we could
not rule out the possibility that RIPostC may also effective in attenuating cell apoptosis in
types of cells other than cardiomyocytes. Nevertheless, our results suggested that RIPostC
provided powerful cardioprotection against IR injury in mice.

STAT3isanimportantregulator of cardiac functionand plays keyrolesin cardioprotection
through activation of cellular survival pathways [33]. STAT3 is activated by numerous ligand
receptors, such as the IL-6-glycoprotein (gp) 130 receptor system [34], the leptin receptor
[35], the EPO receptor [36], and the Angll type 1 receptor [37]. The IL-6-gp130 receptor
system, which activates phosphorylation of STAT3 at tyrosine 705 (Tyr705) and serine 727
(Ser727), is currently considered the major regulator of STAT3. Phosphorylation of STAT3
at Tyr705 is mediated by JAK at the intracytoplasmic domain of the gp130 receptor [38].
Importantly, the JAK-STAT3 pathway has been shown to be essential to the cardioprotection
induced by ischaemic postconditioning [39]. In agreement with our previous study [18], we
found that the expression of p-STAT3 Tyr705 was increased following myocardial IR injury.
Furthermore, the RIPostC group showed more pronounced increase in p-STAT3 Tyr705
expression than the IR group, and that elevation may contribute to the decreased number
of apoptotic cardiomyocytes and the attenuation of myocardial infarct size. Although the
downstream protective targets activated by STAT3 have not been systematically investigated,
some research has reported that phosphorylation of STAT3 can activate downstream
protective substrates, including Akt, eNOS, and GSK3f3 [18, 40]. STAT3, Akt and eNOS have
been shown to inhibit opening of the mPTP during reperfusion [41-43], which can maintain
mitochondrial membrane integrity and inhibit the activation of the mitochondrial apoptosis
pathway. In our study, we indeed observed that RIPostC increased Akt and eNOS Ser1177
phosphorylation and that pretreatment with the JAK/STAT3 inhibitor AG490 attenuated the
phosphorylation of STAT3 as well as the phosphorylation of Akt and eNOS. Therefore, these
results suggest that a JAK/STAT3-mediated Akt and eNOS signalling pathway may play a
compelling role in the cardioprotection induced by RIPostC.

Nrf2 is a master redox regulator of the antioxidant defence system, including HO-1,
quinone oxidoreductase-1 (NQO1), and SOD. Nrf2-antioxidant signalling plays a significant
role in protecting cells against oxidative stress [44]. In our study, RIPostC promoted
the translocation of Nrf2 into the nucleus. Studies have shown that RIPostC in one limb
alleviated reperfusion injury after focal cerebral ischaemia through ROS-mediated inhibition
of endogenous §-PKC activation and the related signalling cascade in an in vivo rat model of
focal cerebral ischaemia [45]. Hence, we speculated that RIPostC could stimulate small-scale
production of ROS to activate the Nrf2 pathway. However, the antioxidative effect of Nrf2,
which is a transcription factor, depends on its downstream antioxidants, such as HO-1 and
SOD. The antioxidants HO-1 and SOD play an important role in cardiovascular protection [46,
47]. In the present study, RIPostC markedly elevated the expression of HO-1 and SOD and
subsequently reduced oxidative stress after myocardial IR. Interestingly, the STAT3 inhibitor
AG490 blocked the nuclear translocation of Nrf2 and the expression of HO-1. These results
demonstrated that RIPostC-induced myocardial STAT3 activation could regulate the nuclear
translocation of Nrf2 to promote a series of antioxidant genes. Indeed, studies using the
NRF2-ome website have indicated the possibility of a connection between Nrf2 and the JAK/
STAT pathway through STAT1 and STAT3 [48]. Moreover, many studies have demonstrated
that the PI3K/Akt signalling pathway can regulate the nuclear translocation of Nrf2 [49, 50].
Therefore, these investigations suggest that RIPostC increases the nuclear translocation of
Nrf2 and the expression of HO-1 against excessive oxidative stress after myocardial IR injury
and that this response is mediated by the STAT3/Akt/eNOS signalling pathway.
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This study has some limitations. First, we have found that RIPostC can protect against
myocardial IR injury in the acute stage, but it is still unknown whether RIPostC can
provide cardioprotective effects in the chronic stage and improve heart function. Second,
although cardiomyocytes are the predominant cell type in the heart, TUNEL staining is not
cardiomyocyte specific. Thus, other cell types such as endothelial cells may have been stained
in our TUNEL study, and we could not rule out the possibility that RIPostC may also be effective
in attenuating cell apoptosis in types of cells other than cardiomyocytes. Nevertheless, these
results suggested that RIPostC provided powerful cardioprotection against IR injury in mice.
Further research is needed for a better understanding of the specific mechanism by which
RIPostC acts on the STAT3/Nrf2 /HO-1 pathway.

Conclusion

RIPostC attenuated apoptosis and protected against myocardial IR injury, possibly
through the activation of JAK/STAT3-mediated Nrf2-antioxidant signalling pathway in mice.
Our results provided insight into the effects of mechanisms of RIPostC, which may lead to the
development of effective therapeutic regimens to combat myocardial IR insult.
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