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INTRODUCTION 
 

Sepsis epitomizes a complex condition of multi-organ 

failure precipitated by infection, manifesting with 

alarming frequency and a concomitant high mortality 

globally [1, 2]. A frequent sequela of sepsis is 

myocardial compromise, hallmarked by impairment of 

cardiac contractility and compliance [3]. Approximately 

half of those afflicted by sepsis exhibit myocardial 
distress, facing a prognostic outlook considerably 

grimmer than their counterparts without cardiac 

implications [4]. 

The pathological landscape of sepsis-induced 

myocardial compromise is multifaceted [5]. Of the 

myriad contributors, oxidative stress is increasingly 

recognized as a pivotal driver of both the emergence 

and progression of cardiac injury in sepsis [6]. Sepsis 

inflicts substantial mitochondrial harm within cardiac 

cells, culminating in the prolific generation of reactive 

oxygen species and a surge in oxidative strain [7]. The 

deleterious effects of oxidative stress extend beyond 
the diminishment of cardiomyocyte contractility; they 

decisively cripple the myocardium’s aptitude for 

efficacious blood circulation. In its most devastating 
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ABSTRACT 
 

Objective: To investigate the effect and mechanism of SHP2 on myocardial injury induced by sepsis. 
Methods: The cardiac function of mice was examined by echocardiography, the myocardial pathological 
changes of mice were detected by HE staining, the ultrastructural changes of mice myocardial cells were 
examined by transmission electron microscopy, and the expression of p-SHP2, p-Src, p-ERK1/2, oxidative stress 
related proteins and apoptosis related proteins of mice myocardial cells were detected by Western blot. 
Moreover, apoptosis of cardiomyocytes was detected by TUNEL staining.  
Results: The cardiac function of model group mice was better than that of PHPS1 group, but poorer than that of 
sham group. The pathological changes and ultrastructural changes of myocardium of mice in model group were 
better than those in PHPS1 group, and no changes was found in sham group. The expression of p-SHP2 protein 
in model group mice was higher than that in PHPS1 group and sham group, but the expression of p-Src, p-
ERK1/2, oxidative stress related protein and apoptosis related protein were lower than that in PHPS1 group 
while higher than that in sham group. The addition of PHPS1 inhibited the expression of p-SHP2 and increased 
the expression of p-Src, oxidative stress- related proteins and apoptosis-related proteins. However, the gap in 
the expression levels of oxidative stress- related proteins and apoptosis-related proteins narrowed with the 
addition of NAC. 
Conclusions: SHP2 can ameliorate myocardial injury induced by sepsis by inhibiting oxidative stress-mediated 
cardiomyocyte apoptosis through Src/ERK pathway. 
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form, oxidative stress orchestrates the apoptotic demise 

of cardiomyocytes [8–10]. 

 

SHP2, a ubiquitously expressed non-receptor protein 

tyrosine phosphatase, encoded by the PTPN11 locus, is 

integral to intracellular signaling circuits and the 

regulation of cellular vitality, proliferation, and motility 

[11, 12]. Empirical evidence suggests that the retention 

of SHP2 activity harbors therapeutic promise in the 

context of sepsis, while its activation has been shown to 

stifle ROS generation [13, 14]. Research illuminates 

how cytokine-evoked ROS generation during sepsis 

leads to SHP2 inactivation, thus exacerbating endo-

thelial inflammatory responses [13]. Furthermore, 

overexpression of Src homology-2 domain-containing 

protein tyrosine phosphatase 2 has been noted in 

macrophages and pulmonary tissue amid sepsis, 

activating the SHP2-associated MAPK pathway through 

lipopolysaccharide stimulation. Ablation of the SHP2 

gene subverts the lipopolysaccharide-provoked inflam-

mation and phosphorylation of regulatory elements 

within the macrophage NF-κB axis, thereby mitigating 

acute pulmonary damage. Evidence also posits that 

SHP2 inhibition ameliorates acute renal injury 

prompted by the Hem/CLP bidirectional assault model, 

potentially through its anti-inflammatory efficacy in 

tempering Erk1/2 and STAT3 pathway activation [14–

17]. Nevertheless, the mechanisms underpinning 

SHP2’s involvement in sepsis-induced myocardial 

injury remain shrouded in obscurity. Against this 

backdrop, we used in vivo and in vitro experiments in 

this study to explore the effect and mechanism of SHP2 

on myocardial injury in sepsis, and provide new 

therapeutic ideas and targets for myocardial injury in 

sepsis. 

 

RESULTS 
 

Mouse ultrasound electrocardiogram results 

 

The results of echocardiography showed that compared 

with the sham group, the LVEF, LVFS and E/A of the 

mice in the model group and PHPS1 group were 

significantly decreased, while the LVEF, LVFS and 

E/A of the mice in the PHPS1 group were significantly 

decreased compared with the model group (Figure 1). 

The results showed that SHP2 could significantly 

improve cardiac dysfunction caused by myocardial 

injury in sepsis. 

 

Results of HE staining in mice myocardium 

 

The results of HE staining showed that the myocardial 

cells of the sham group were arranged orderly, and no 

pathological damage such as necrosis, hyperemia and 

edema was found. In the model group, the arrangement 

of myocardial cells was disordered, with rupture of 

sarcolemmal membrane and enlargement of nucleus, 

accompanied by slight necrosis, interstitial hyperemia, 

edema and infiltration of inflammatory cells. Compared 

with the model group, the arrangement of cardio-

myocytes in the PHPS1 group was disordered, and the 

conditions of nuclear necrosis, interstitial hyperemia and 

inflammatory cell infiltration were significantly worse

 

 
 

Figure 1. Ultrasound electrocardiogram examination results of mice in each group. (A) Left ventricular echocardiography of mice; 
(B) Statistical results of LVEF, LVFS, E/A ratios of left ventricle in mice, data was presented as X±S. Comparisons between sham group and 
model group, **p<0.01; Comparisons between sham group and PHPS1 group, **p<0.01; Comparisons between model group and PHPS1 
group, **p<0.01. 
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(Figure 2), turning out that SHP2 can ameliorate 

myocardial pathology caused by myocardial injury 

caused by sepsis. 

 

Results of transmission electron microscopy of 

mouse cardiomyocytes 

 

The results of transmission electron microscope indicated 

that the myocardial fibers of mice in sham group were 

arranged in order, the mitochondrial cristae was tight, the 

mitochondrial double membrane was not damaged, 

without dissolution, vacuole and other phenomena, the 

autophagy phenomenon was weak, and the number of 

lysosomes was less; In model group, the myocardial fibers 

were broken, the sarcomere was arranged disorderly, 

some mitochondria were swollen and broken, vacuolated, 

the ridge structure was disordered, and the number of 

autophagy bodies and lysosomes increased. In the PHPS1 

group, severe myocardial fiber rupture was severe, 

sarcomere arrangement disorder was aggregated, a large 

number of mitochondria swelling and rupture was present, 

vacuolation, ridge structure was disorder, autophagy body 

and lysosome increased significantly (Figure 3). It 

indicated that SHP2 could mitigate the ultrastructural 

changes of myocardial cells induced by sepsis. 

 

Results of the detection of p-SHP2, p-Src and p-ERK 

proteins in mice cardiomyocytes 

 

The western blot results showed that the relative protein 

expressions of p-Src and p-ERK1/2 in the sham 

operation group were significantly lower than those in 

the model group and PHPS1 group, while the relative 

protein expressions of p-Src and p-ERK1/2 in the 

PHPS1 group were significantly higher than those in the 

model group. Compared with the sham operation group, 

the relative protein expression of p-SHP2 in the model 

group was significantly increased, and the relative 

protein expression of p-SHP2 in the PHPS1 group was 

significantly decreased (Figure 4). These results showed 

that SHP2 could suppress the protein activity of Src and 

ERK in myocardial injury induced by sepsis. 

 

Results of oxidative stress related proteins in mouse 

cardiomyocytes 

 

The results of western blot showed that the relative 

protein expressions of P22, P47 and gp91 in the model 

group and PHPS1 group were significantly increased 

compared with the sham group. Compared with the 

model group, the relative protein expressions of P22, 

P47 and gp91 in the PHPS1 group were significantly 

increased (Figure 5), which indicated that SHP2 could 

improve the production of oxidative stress in sepsis 

induced myocardial injury. 

 

Results of the apoptosis-related proteins and the 

apoptosis of cells 

 

Western blotting results showed that the relative 

protein expressions of Bax, sheared caspase-3 and 

sheared caspase-12 in the model group and PHPS1 

group were significantly increased compared with the 

sham group. Compared with the model group, the 

relative protein expressions of Bax, cleaved-caspase-3 

and cleaved-caspase- 12 in the PHPS1 group were 

significantly increased. The results of TUNEL assay 

showed that the number of apoptotic cells in the model 

 

 
 

Figure 2. HE staining results of myocardium in mice of each group. 
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Figure 3. Transmission electron microscopic examination of myocardial cells in each group. 

 

 
 

Figure 4. Western blot results of p-SHP2, p-Src and p-ERK protein in myocardial cells of mice in each group. (A) Western blot 

results of p-SHP2, p-Src and p-ERK1/2 in mouse cardiomyocytes in each group; (B) Statistical diagram of the expression levels of p-SHP2, p-Src 
and p-ERK1/2 proteins in mouse cardiomyocytes in each group, and the data was shown as X±S. Comparisons between sham group and 
model group, **p<0.01; Comparisons between sham group and PHPS1 group, **p<0.05; Comparisons between model group and PHPS1 
group, **p<0.01. 
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group and PHPS1 group was significantly higher than 

that in the sham group. Compared with the model 

group, the number of apoptotic cells in the PHPS1 

group was significantly increased (Figure 6). The results 

manifested that SHP2 inhibited cardiomyocyte 

apoptosis in septic myocardial injury. 

 

In vitro experimental results 
 

Western blot results showed that the expression of p-

SHP2 protein in Group c was lower than that in Group 

b, but the expression level of p-Src, P22, P47, Bax and 

Caspase-3 protein in Group c was higher than that in 

Group b. The expression of p-SHP2 protein in Group d 

was higher than that in Group e, but the expression of  

p-Src protein was lower than that in Group c. The 

differences between the relative protein expressions of 

P22, P47, Bax, and cleaved-caspase-3 were all 

narrowed between groups d and e after the addition of 

the antioxidant NAC (Figure 7). These results 

suggested that SHP2 inhibited the apoptosis of 

cardiomyocytes induced by oxidative stress in septic 

myocardial injury by inhibiting Src/ERK pathway 

(Figure 8). 

 

DISCUSSION 
 

Myocardial damage, as a significant complication  

of sepsis, substantially elevates patient mortality [18]. 

The precise mechanism underlying sepsis-induced 

myocardial damage remains inadequately understood 

[19]. Current approaches to treating myocardial injury 

in sepsis involve the use of vasopressors, dobutamine, 

levosimendan, ivabradine, and mechanical support [20]. 

However, these therapies have not proven to be optimal 

in clinical practice primarily due to the incomplete 

elucidation of the molecular mechanisms underlying 

myocardial injury in sepsis [21, 22]. Nonetheless, there 

is a prevailing belief that oxidative stress plays a role in 

the pathological process of sepsis-induced myocardial 

injury, and its inhibition is considered beneficial for 

ameliorating the condition [23]. 

 

SHP2 is a widely expressed cytoplasmic tyrosine 

phosphatase featuring two SH2 domains and a catalytic 

protein tyrosine phosphatase (PTP) domain [24].  

It exerts a pivotal role in growth factor and cytokine 

signaling, as well as extracellular matrix receptor-

mediated cellular proliferation, differentiation, migration, 

and survival [25]. Furthermore, PHPS1 serves as a 

potent cell-permeable inhibitor with specific inhibitory 

effects on SHP2 [26]. In this investigation, intervention 

in three groups of mice revealed that the left ventricular 

ejection fraction (LVEF), left ventricular fractional 

shortening (LVFS), and E/A ratios of mice in the model 

group were higher than PHPS1 group, indicative of 

SHP2 significantly ameliorating cardiac dysfunction 

resulting from septic myocardial injury. Meanwhile, 

compared to the sham group administered normal saline, 

the myocardial cells in the model group exhibited 

disordered arrangement, ruptured sarcolemma, enlarged 

nuclei, accompanied by necrosis, interstitial congestion 

and edema, inflammatory cell infiltration, as well as 

mitochondrial destruction and appearance of autophagic 

bodies. The situation in the PHPS1 group was even more 

severe. The presence of autophagosomes in the findings 

was attributed to the fact that ROS not only directly 

triggers apoptosis but also induces apoptosis by 

instigating autophagy [27]. These outcomes further 

corroborate the significant inhibitory effect of SHP2 on 

the myocardial pathological and ultrastructural changes 

induced by sepsis. 

 

 
 

Figure 5. Western blot results of oxidative stress related proteins in myocardial cells of mice in each group. (A) Western blot 

results of P22, P47 and gp91 in mouse cardiomyocytes in each group; (B) Statistical plots of P22, P47 and gp91 expression levels in mice 
cardiomyocytes in each group, and the data was shown as X±S. Comparisons between sham group and model group, **p<0.01; Comparisons 
between sham group and PHPS1 group, **p<0.01; Comparisons between model group and PHPS1 group, **p<0.01. 
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Figure 6. Results of the expression of apoptosis-related proteins in mouse cardiomyocytes and the cell apoptosis condition. 
(A) Western blot results of Bax, cleaved-Caspase-3 and cleaved-Caspase-12 in mouse cardiomyocytes in each group; (B) Statistical plot of Bax, 
cleaved-Caspase-3 and cleaved-Caspase-12 expression levels in mouse cardiomyocytes in each group; (C) Plot of TUNEL assay results;  
(D) Apoptotic cell count statistics, data was shown as X±S. Comparisons between sham group and model group, **p<0.01; Comparisons 
between sham group and PHPS1 group, **p<0.01; Comparisons between model group and PHPS1 group, **p<0.01. 

 

 
 

Figure 7. In vitro experiment results. (A) Western blot results plots of p-SHP2, p-Src, P22, P47, Bax, and cleaved-Caspase-3; (B) Statistical 

plots of p-SHP2, p-Src, P22, P47, Bax, and cleaved-Caspase-3 expression levels, the data was shown as X±S. Comparisons between LPS group 
and LPS+PHPS1 group, **p<0.01; Comparisons between LPS+NAC group and LPS+PHPS1+NAC group, **p<0.01, *p<0.05, nsp>0.05. 
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SHP2 has different physiological effects on different 

cells [28]. It has been found that it can inhibit the 

activity of Src protein by inhibiting the phosphorylation 

of Csk protein [29]. The activated Src protein plays an 

important role in promoting the activation of ERK [30]. 

In this study, by detecting p-SHP2, p-Src and p-ERK1/2 

proteins in cardiomyocytes of mice in each group, we 

found that the expression of p-Src and p-ERK protein 

were lower than that in PHPS1 group. This result 

verified that SHP2 can inhibit the protein activity of Src 

and ERK. 

 

ERK regulates NADPH oxidase-mediated Ros 

production [31]. P22, P47 and gp91, as components of 

NAPDH oxidase, play an important role in the process 

of generating Ros [32]. In this study, the expression of 

P22, P47 and gp91 proteins in mouse cardiomyocytes 

was detected, and the expression of related proteins in 

model group was significantly lower than that in PHPS1 

group, indicating that the mechanism of SHP2 

improving myocardial injury in sepsis was to inhibit the 

expression of NADPH oxidase by inhibiting Src/ERK 

pathway, that is, to inhibit oxidative stress by inhibiting 

Src/ERK pathway. 

 

Bax, Caspase-3, and Caspase-12 are all proteins 

involved in the process of apoptosis (programmed cell 

death). Bax is a member of the Bcl-2 family, a family of 

proteins that regulate apoptosis. The main function of 

BAX is to promote changes in the permeability of the 

outer mitochondrial membrane, thereby releasing pro-

apoptotic factors such as cytochrome C within the cell 

and guiding the cell into the apoptotic pathway. 

Caspase-3 is a cysteine-specific cysteine protease that is 

a key executive enzyme in the apoptotic pathway. Once 

activated, caspase-3 can trigger the breakdown of a series 

 

 
 

Figure 8. Schematic diagram of myocardial injury induced 
by SHP2 in sepsis. 

of proteins within the cell, leading to the rupture of cell 

membranes and the degradation of nucleic acids, 

ultimately promoting apoptosis. Caspase-12 is primarily 

involved in apoptosis induced by the endoplasmic 

reticulum stress pathway. Endoplasmic reticulum stress 

is a cellular stress response to abnormal endoplasmic 

reticulum and is usually activated when the endoplasmic 

reticulum is damaged. Activated caspase-12 can directly 

activate caspase-9 and caspase-3, thereby mediating 

apoptosis [33]. In this study, the expression of Bax, 

Caspase-3 and Caspase-12 protein in model group was 

significantly lower than that in the PHPS1 group. At the 

same time, the statistics of the number of apoptotic cells 

also confirmed that the number of apoptotic cardio-

myocytes in model group was lower than that in PHPS1 

group. Both of the results indicated that SHP2 inhibited 

the apoptosis of cardiomyocytes in myocardial injury 

caused by sepsis. 

 

In the subsequent in vitro investigations, it was discerned 

that the expression of p-SHP2 protein diminished, while 

the expression of p-Src protein, proteins related to 

oxidative stress, and proteins related to apoptosis 

exhibited a notable increase subsequent to the 

introduction of PHPS1 to primary cardiomyocytes of 

neonatal mice. The expression of p-SHP2 protein, p-Src 

protein, proteins related to oxidative stress, and proteins 

related to apoptosis were suppressed following the 

administration of NAC, and the variance in the expres-

sion level of apoptosis-related proteins in cardiomyocytes 

exposed to the SHP2 inhibitor versus those treated with 

LPS was attenuated. NAC, recognized as the most 

extensively utilized antioxidant in experimental cell and 

animal biology, as well as clinical research, manifests a 

notable inhibitory influence on oxidative stress [34]. This 

outcome further corroborated the aforementioned 

experimental findings in the present study. 

 

In summary, SHP2 alleviates sepsis-induced myocardial 

injury by impeding oxidative stress-mediated cardio-

myocyte apoptosis through the Src/ERK pathway. 

SHP2 stands as a potential target for the clinical 

management of myocardial injury in sepsis. 

 

MATERIALS AND METHODS 
 

Groups and treatments 

 
Mice groups and mice model 

Eighteen 6-weeks-old SPF grade male C57BL/6J mice 

(C57BL/6JNifdc, Beijing Vital River Laboratory Animal 

Technology Co., Ltd., China) were reared adaptively for 

one week, during which all the mice had free access to 
food and water. One week later, the mice were randomly 

divided into sham group, model group and PHPS1 group, 

and each group consisted of 6 mice. The model of 
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myocardial injury induced by sepsis was established by 

intraperitoneal injection of LPS (20mg/kg) in the model 

group and the PHPS1 group. The mice in the sham group 

were given intraperitoneal injection of normal saline 

(20mg/kg). The mice in PHPS1 group were intra-

peritoneally injected with LPS and PHPS1(3 mg/kg) at 

the same time. The animal experiments in this study have 

been approved by the Medical Ethics Committee of 

Hebei General Hospital. Ethics Lot Number: 202376. 

 

Cells treatments and groups 

Five suckling C57BL/6 mice (J006), 1- 3 days old, were 

purchased from Nanjing Junke Bioengineering Co., Ltd. 

(China) After anesthesia, the suckling mice were 

disinfected with 75% ethanol. Under sterile conditions, 

the thoracic cavity of the mice was exposed with sterile 

ophthalmic scissors, and the hearts of the suckling mice 

were taken out and washed with PBS. The atrium and 

surrounding tissue vessels of suckling mice were 

stripped and washed again. The myocardial tissues were 

cut into tissue fragments of about 1mm3 with 

ophthalmic scissors, and were lysed with lysis solution 

containing trypsin and type II collagenase. After lysis, 

the supernatant was centrifuged and obtained. Natural 

precipitation, discard the supernatant, add about 5ml of 

digestive solution, digest at 37° C for 20min (shake a 

few times every 2min), blow with a pipette for 1min, 

suck out the incomplete heart fragments into another 

centrifuge tube, add 2ml of cold culture medium to 

terminate digestion, 1000 rpm for 5min, discard the 

supernatant, add 2ml of D-Hanks solution to the 

precipitate, 1500 rpm for 10min, discard the supernatant, 

add 2ml of culture medium to the precipitate, and make 

a cell suspension by pipette. Then, the cells were 

cultured in DMEM medium (3-2010, Jiangsu CHI 

Scientific Biological Technology Co., Ltd.) containing 

10% fetal bovine serum and 1% penicillin at 37° C with 

5% CO2, and LPS, PHPS1((HY-112368, MedChem-

Express, USA) and NAC (50303ES05, Yeasen 

Biotechnology (Shanghai, China) Co., Ltd.) were added 

into the medium respectively when the cell fusion 

reached 80%. Therefore, the cells were then divided into 

five groups: Group a (without LPS, PHPS1 or NAC), 

Group b (with LPS only), Group c (with LPS and 

PHPS1), Group d (with LPS and NAC) and Group e 

(with LPS, PHPS1 and NAC). 

 

Methods 

 
Echocardiogram detection 

The mice in each group were anesthetized with 50 mg/kg 

sodium pentobarbital, and the mice were observed after 

being given sodium pentobarbital, and the mice were 

kept until the mice were breathing steadily, their 

voluntary activities were reduced, their muscle tone was 

weakened, and the muscles were relaxed. Cardiac 

ultrasound was examined with MX250 ultrasound probe 

under the Vevo3100 high-resolution small animal 

ultrasound imaging system, and the probe was placed in 

the short axis papillary muscle section of the left heart of 

the mouse to obtain M-mode echocardiography, the probe 

should not over compress the chest wall of the mouse, so 

as not to cause respiratory and cardiac arrest, and the ratio 

of the left ventricular ejection fraction (LVEF), left 

ventricular shortening fraction (LVFS) and E/A ratio were 

used to evaluate the changes in cardiac function in mice. 

 

HE staining 

After the mouse heart tissue was fixed in 

paraformaldehyde fixative solution for 48 hours, the 

sliced heart tissue was placed in an embedding box and 

placed in 4% paraformaldehyde fixative solution, and 

then dehydrated and transparent and sectioned. The 

thickness of the slice is 3-4 um. Place the slide rack 

containing tissue slides in a 60° C oven for 45 min, 

deparaffinize 2 times, 15 min each time, then pass 

through absolute ethanol for 10 seconds, 95% ethanol 

for 10 seconds, 80% ethanol for 10 seconds, and then 

wash the slides thoroughly with clean water for 1 time; 

Then the tissue was soaked in hematoxylin for 2 

minutes, rinsed with tap water, differentiated with 

ethanol hydrochloride for 5 seconds, and returned to 

blue for 1 min; Then use eosin treatment for half a 

minute, rinse with tap water; Then dehydrate and use 

xylene transparently. The dehydrated transparent 

finished slides are placed in a fume hood to dry and 

neutral gum mounted, and the myocardial structure is 

observed under a microscope and photographed. 

 

Transmission electron microscope 

Hearts were taken from mice, washed with PBS, placed 

on an ice box, aspirated with a disposable dropper, and 

fixed with 2.5% glutaraldehyde solution. With 0.1 mol· 

L-1 phosphate buffer, transfer the samples to 4° C and 

fix with 1% osmium acid for 3 h. With 0.1 mol· L-1 

phosphate buffer, samples were dehydrated with 

gradient ethanol: 30% ethanol for 15 min, 50% ethanol 

for 15 min, 70 ethanol uranyl acetate overnight, 80% 

ethanol for 15 min, 90% ethanol: 90% acetone (1:1) for 

15 min (all steps were performed at 4° C), then treated 

with 100% acetone for 15 min × 3 h (room temperature), 

pure acetone + embedding solution (1:1) for 2 h (room 

temperature), pure embedding solution in a 37° C oven 

for 3 h. The samples were then embedded in the 

embedding solution in a 37° C oven for 12 h and in a 

pure embedding solution oven at 60° C for 48 h. Semi-

thin sections with a thickness of 1 μm were stained with 

sky blue and viewed under a light microscope to 

determine the location of the retina and the structure of 
the 10 layers. Ultrathin sections with a thickness of 80 

nm were fished out, placed on a copper mesh of the 

supporting film, stained with lead citrate for 15 min, 
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washed 3 times with distilled water, dried naturally, and 

observed by transmission electron microscopy. 

 

Western blot 

The cells were lysed with RIPA lysate (P0013K, Jiangsu 

Beyotime Biotechnology Co., Ltd., China). SDS-PAGE 

was used to analyze the protein, and after electrophoresis, 

the protein was transferred to PVDF membrane. Place the 

PVDF membrane into a TBST container packed with 5% 

skim milk and wash the membrane on a shaker for 10 

min, pour out the TBST after 10 min, then add new 

TBST, wash the membrane again on the shaker for 10 

min, pour out the TBST after 10 min, add clean TBST, 

and wash the membrane 3 times again on the shaker, then 

p-SHP2 antibody(ab62322, Abcam), p-Src antibody 

(ab40660, Abcam), p-ERK1/2 antibody (ab229912, 

Abcam), P22 antibody (ab75941, Abcam), P47 antibody 

(ab308256, Abcam), gp91 antibody (ab310337, Abcam), 

Bax antibody (ab32503, Abcam), Caspase-3 antibody 

(ab32351, Abcam), Caspase-12 antibody (ab62484, 

Abcam) and DAPDH antibody (ab8245, Abcam) were 

diluted in 1:1000 with TBST solution. After the washing 

is completed, the PVDF membrane is transferred to the 

HRP secondary antibody and incubated on a shaker for  

2 hours at room temperature and in the dark. After the 2-

hour secondary antibody incubation, wash the membrane 

again for 10 minutes each time, and develop color after 

the three times. Soak the membrane for 20 seconds using 

ECL chromogenic solution and develop color using a 

chemiluminescence imaging system, and the WB band of 

the protein of interest can be seen. Protein expression was 

measured by the gray value of the protein band. 

 

TUNEL staining 

The heart tissue was deparaffinized with xylene, 

dehydrated with gradient ethanol, and 0.1% Triton X-

100 was prepared with 0.1% sodium citrate, and then 50 

μl was added dropwise to each section, and then rinsed 

with PBS 3 times for 5 min each time after 8 min at 

room temperature. Enzyme solution and label solution 

were prepared 1:9 on ice to make TUNEL reaction. 

Wipe the specimen around it clean and add 50 μl of 

TUNEL reaction dropwise. Incubate at 37° C with 

moisture and protection from light for 1 h, and then 

rinse the specimens with PBS for 3 times for 5 min each 

time. Add DAPI dropwise until the tissue is completely 

covered, and counterstain in the dark for 3 min. Rinse 

the specimen 3 times with PBS for 5 min each. The 

slices are removed and fluorescent quencher dropwise is 

added to seal the slices. Observe the staining effect 

under a microscope and take photos. 

 

Statistical analysis 

 

All experiments in this study were repeated three times, 

and the data were statistically analyzed using SPSS 23.0 

software. The measurement data was represented by 

(X±S). The differences between two groups of data were 

tested by t-tests, and the differences among multiple 

groups were compared using one-way ANOVA. P<0.05 

was considered statistically significant. 
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