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Abstract. Acute myocardial infarction (AMI) is one of the 
most common and life‑threatening cardiovascular diseases. 
However, the ability to diagnose AMI within 3 h is currently 
lacking. The present study aimed to identify the differentially 
expressed proteins of AMI within 3 h and to investigate novel 
biomarkers using isobaric tags for relative and absolute quan-
titation (ITRAQ) technology. A total of 30 beagle dogs were 
used for establishing the MI models successfully by injecting 
thrombin powder and a polyethylene microsphere suspension. 
Serum samples were collected prior to (0 h) and following MI 
(1, 2 and 3 h). ITRAQ‑coupled liquid chromatography‑mass 
spectrometry (LC‑MS) technology was used to identify the 
differentially expressed proteins. The bioinformatics analysis 
selected several key proteins in the initiation of MI. Further 
analysis was performed using STRING software. Finally, 
western blot analysis was used to evaluate the results obtained 
from ITRAQ. In total, 28 proteins were upregulated and 23 
were downregulated in the 1 h/0 h group, 28 proteins were 
upregulated and 26 were downregulated in the 2 h/0 h group, 
and 24 proteins were upregulated and 19 were downregulated 
in the 3 h/0 h group. The Gene Ontology (GO) annotation 
and functional enrichment analysis identified 19 key proteins. 
Protein‑protein interactions (PPIs) were investigated using the 
STRING database. GO enrichment analysis revealed that a 
number of key proteins, including ATP synthase F1 subunit β 

(ATP5B), cytochrome c oxidase subunit 2 and cytochrome c, 
were components of the electron transport chain and were 
involved in energy metabolism. The western blot analysis 
demonstrated that the expression of ATP5B decreased signifi-
cantly at all three time points (P<0.01), which was consistent 
with the ITRAQ results, whereas the expression of fibrinogen γ 
chain increased at 2 and 3 h (P<0.01) and the expression of 
integrator complex subunit 4 increased at all three time points 
(P<0.01), which differed from the ITRAQ results. According 
to the proteomics of the beagle dog MI model, ATP5B may 
serve as the potential biomarkers of AMI. Mitochondrial 
dysfunction and disruption of the electron transport chain may 
be critical indicators of early MI within 3 h. These finding may 
provide a novel direction for the diagnosis of AMI.

Introduction

At present, acute myocardial infarction (AMI) is one of the most 
life‑threatening diseases worldwide (1). Therefore, the prompt 
diagnosis of AMI is critical for rescuing cardiomyocytes and 
improving patient survival. However, several deficiencies in 
the diagnosis of MI remain. In the early‑stage of AMI, most 
patients do not present with typical signs, and 50% of the 
patients do not present with specific electrocardiogram (ECG) 
changes (2). Currently, the most rapid and effective estima-
tion of MI is the detection of biochemical markers. Cardiac 
troponin I (cTnI) and creatine kinase isoenzyme (CK‑MB) are 
the most widely used biomarkers in the clinic. Although the 
sensitivity and specificity of these indices are acceptable, the 
value in the diagnosis of AMI within 3 h remains limited (3‑5). 
Therefore, the identification of biomarkers that can reflect the 
specificity of early MI within 3 h is under intensive focus.

The isobaric tags for relative and absolute quantitation 
(ITRAQ) method is an efficient technique that examines the 
biomarkers of various diseases developed by AB SCIEX (6). 
The technology uses four or eight isotopic reagents labeled 
at the terminal end of the polypeptide chain or side chain 
of lysine  (7). According to the analysis of high‑resolution 
mass spectrometry, ITRAQ can compare eight samples 
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simultaneously. Although it has disadvantages, including 
interference by coeluting peptides with close m/z, it is accurate 
in quantitative analysis, possesses a low error rate, has high 
efficiency and has a wide range of applications, among 
other advantages (8). In recent years, the technique has been 
commonly used in high‑throughput screening technology in 
quantitative proteomics.

In the present study, ITRAQ technology combined with 
mass spectrometry was used to investigate the MI model 
in beagle dogs. The whole workflow of the study is shown 
in Fig. 1. The serum protein expression was assessed prior to 
MI model establishment (0 h), and after 1, 2 and 3 h. The differ-
entially expressed proteins (DEPs) were annotated, and the 
protein‑protein interaction (PPI) network was analyzed bioin-
formatically. Western blot analysis was used to evaluate the 
results obtained from ITRAQ, which may provide an in‑depth 
understanding of the pathophysiological process of MI, thereby 
proposing a novel direction for the diagnosis of early MI.

Materials and methods

Beagle dogs and MI model. A total of 30 healthy beagle dogs 
(9 months old, male:female ratio, 1:1) weighing 10‑12 kg were 
purchased from Shanghai Xingang Laboratory, Animal Farm 
(Shanghai, China). Ethics approval was obtained prior to the 
start of the study. All animal procedures were performed in 
accordance with the Animal Care Committee of Zhejiang 
Hospital (Hangzhou, China). Beagle dogs were housed in an 
environment of 16‑28˚C, relative humidity of 45‑60% with 
a 12‑h light/dark cycle, fed rice every 12 h (2% body weight 
each time) and were given free access to water. All dogs were 
fasted for 12 h and water‑deprived for 4 h prior to surgery. For 
anesthesia, 3% pentobarbital sodium (30 mg/kg) was injected 
via the left venae tibiales anteriores. When the dogs were 
asleep, touching the eyelashes and the cornea without reac-
tion confirmed that the anesthesia was successful. The right 
femoral arteries of the beagles were punctured for coronary 
angiography (Fig. 2A). First, the balloons were inserted to the 
second diagonal branches, and then expanded every 30 sec 
for ischemic preconditioning  (Fig.  2B). Subsequently, the 
balloons were withdrawn and microcatheters were inserted 
to the second diagonal branches. An equivalent of 2 ml of 
polyethylene microsphere suspension was rapidly injected into 
the target vessel via microcatheters, followed by the injection 
of 2 ml thrombin powder formulation. After 5‑10 min, the 
coronary angiography was repeated to confirm the interrup-
tion of blood flow. Finally, the microcatheters were withdrawn 
from the target vessel and the surgery ended. The heart vessel 
angiograms were collected at 2, 3 and 6 h, and 3 days after 
MI (Fig. 2C‑F). In cases in which a dog died, they were imme-
diately dissected to determine the cause of death. Following 
the injection of 3% pentobarbital sodium (30 mg/kg) through 
the left venae tibiales anteriores for anesthesia, all surviving 
dogs were administered with 10% KCL (80 mg/kg) solution 
through the left venae tibiales anteriores for sacrifice. The 
disappearance of blood pressure and cardiac arrest were used 
for the confirmation of animal death.

Serum protein sample preparation. A 20‑ml volume of peripheral 
venous blood was withdrawn into coagulation‑promoting 

vacuum tubes (Zhejiang Hospital) prior to MI model 
establishment (0 h) and at 1, 2 and 3 h thereafter. The tubes 
were then rested for 30 min, following which serum was 
obtained by centrifugation (15,00 g, 10 min, 4˚C). The serum 
protein solutions were concentrated by 10 kDa Vivaspin =500 
(Sartorius AG, Göttingen, Germany). The protein concentration 
was measured using the BCA Assay kit (Sigma; Merck KGaA, 
Darmstadt, Germany). The compressed serum samples were 
stored at ‑80˚C until further analysis (9).

ITRAQ sample preparation. The ITRAQ reagent‑8plex 
multiplex kit was purchased from AB SCIEX (Washington, 
DC, USA). An equivalent of 30 µl (100 mM) protein sample 
was mixed with dithiothreitol, and was denatured in a boiling 
water bath for 5 min and cooled to room temperature. The 
clarified supernatants were then transferred to 30 kDa ultrafil-
tration units. The filters were rinsed three times with 8 M urea 
followed by incubation with iodoacetamide for 30 min at room 
temperature. Subsequently, three additional washes with 8 M 
urea and three washes with dissolution buffer (AB SCIEX) 
were performed.

All samples were digested with 40 µl trypsin (4 µg trypsin 
in 40 µl dissolution buffer) at 37˚C overnight. Subsequently, 
the peptides were desalted with the C18 Cartridge (cat. 
no. 66872‑U; Sigma; Merck KGaA), lyophilized, and resolu-
bilized in 40 µl dissolution buffer (10). The acquired peptides 
were then labeled with the ITRAQ reagents as follows: 0 h 
group was labeled with ITRAQ 113, 1 h group was labeled 
with ITRAQ 114, 2 h group was labeled with ITRAQ 115, and 
3 h group was labeled with ITRAQ 116. All peptides were 
mixed for the subsequent step.

Strong cation exchange (SCX) separation. The peptide mixture 
was diluted with the SCX buffer A [10  mM KH2PO4 in 
25% acetonitrile (ACN), pH 3.0]. Fractionation was performed 
using the AKTA Purifier 100 (GE Healthcare Life Sciences, 
Little Chalfont, UK) equipped with a polysulfoethyl column 
(4.6x100 mm, 5 µm, 200 A, PolyLC, Inc., Columbia, MD, USA). 
The flow rate was 1 ml/min. The gradient of the liquid phase 
was as follows: 0‑22 min linear binary gradient of SCX buffer B 
(10 mM KH2PO4 and 500 mM KCL in 25% ACN, pH 3.0), 
0‑8%; 22‑47 min the linear binary gradient of SCX buffer B, 
8‑52%; 47‑50 min of linear binary gradient of SCX buffer B, 
52‑100%; 50‑58 min of linear binary gradient of SCX buffer B 
at 100%; 58‑60 min of linear binary gradient of SCX buffer B 
reset to 0%. The fractions were combined into 20 groups.

Liquid chromatography‑mass spectrometry (LC‑MS) analysis. 
All sample fractions were examined by high‑performance 
liquid chromatography using an Easy nLC system (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). C18‑A2 
EASY‑columns (10  cm, ID75  µm,  3 µm; Thermo Fisher 
Scientific, Inc.) were used to separate the peptides. First, 
all fractions were concentrated using a vacuum centrifuge 
concentrator (Eppendorf Concentrator Plus, Eppendorf, 
Hamburg, Germany) and solubilized buffer A (0.1% formic 
acid in water). The desalted samples were loaded onto a 
nanoViper C18 column (100 µm x 2 cm, 3 µm, 100 A) by 
autosamplers (both Thermo Fisher Scientific, Inc.) and 
fractionated in an EASY‑column at a flow rate of 300 nl/min.
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Figure 1. Entire workflow of proteomics using ITRAQ combined LC‑MS technology. Serum protein pre‑MI (0 h) was regarded as the control group, the 
obtained differential expressed proteins were subjected to further bioinformatics analysis. Selected proteins were verified by western blot analysis. MI, myo-
cardial infarction; SCE, strong cation exchange; LC‑MS, liquid chromatography‑mass spectrometry; GO, Gene Ontology; ITRAQ, isobaric tags for relative 
and absolute quantitation; DEP, differentially expressed protein.

Figure 2. Coronary angiography images of beagle dogs. (A) Left coronary angiography prior to intervention occlusion surgery (0 h), the red arrows refer to the 
LAD. (B) Ischemia preconditioning by balloon dilation. (C) Left coronary angiography 2 h post‑LAD embolism. (D) Left coronary angiography 3 h post‑LAD 
embolism (E) Left coronary angiography 6 h post‑LAD embolism, the second diagonal branch reappeared. (F) Left coronary angiography 3 days post‑LAD 
embolism, the blood‑flow of the LAD had returned to normal. LAD, left anterior descending artery.
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The mobile phases consisted of 0.1% formic acid in water 
(A) and 0.1% formic acid, 84% ACN in water (B) operated 
at 300 nl/min constant flow with a gradient profile over the 
course of 60 min, as follows (min:%B): 0:5, 50:35, 55:100, and 
60:100.

Subsequently, the fractions were analyzed by Q‑Exactive 
(Thermo Fisher Scientific, Inc.), and the key parameters of the 
first‑class MS were as follows: Cation scanning; scan range, 
300‑1,800 m/z; resolution, 70,000 at 200 m/z; AGC target, 
3e6; first class maximum IT, 10 msec; one scan range; dynamic 
exclusion, 40.0 sec.

The mass‑charge ratio of the polypeptide and polypeptide 
fragments was as follows: Mode: MS2 scan; MS2 activation 
type: HCD; isolation window: 2 m/z.

The key parameters of MS/MS were as follows: Resolution, 
17,500 at 200 m/z; one microscan; second class MS resolution, 
60 msec; normalized collision energy, 30 eV.

Analysis of DEPs. The original data form was prepared in 
RAW. Mascot 2.2 (Matrix Science, Ltd., London, UK) and 
Proteome Discoverer 1.4 software (Thermo Fisher Scientific, 
Inc.) were used for peptide and protein identification, and 
RAW files were converted to Mascot Generic Format (MGF) 
files with preselected iTRAQ reporter ions. The MGF files 
were searched against the Uniprot_Canislupusfamiliaris_ 
29014_ 20160822.fasta database (http//:www.uniprot.org) and 
the parameters were as follows: Enzyme, trypsin; maximum 
missed cleavages, two; fixed modifications, carbamidomethyl 
(C‑terminal), ITRAQ 8 plex (N‑term), ITRAQ 8 plex (K); 
variable modification, oxidation (M), ITRAQ 8 plex (Y); 
peptide mass tolerance, ±20 ppm; fragment mass tolerance, 
0.1 Da; database pattern, decoy; peptide false discovery rate 
(FDR), ≤0.01.

Only proteins identified with confidence interval values 
>95%, P<0.05 and expression ratio >1.2 or  <0.83 were 
considered as DEPs.

Bioinformatics analysis. Functional annotation and enrichment 
analysis were performed using Gene Ontology (GO) software 
online (http://www.geneontology.org). The significance of GO 
terms was evaluated according to Fisher's exact test, and the 
common GO terms satisfied P<0.05 in the three comparison 
groups. All proteins in these common GO terms were defined 
as critical and subjected to further analysis. A Venn diagram 
was produced using Microsoft Office Excel 2007 (Microsoft 
Corporation, Redmond, WA, USA). A heatmap was produced 
using Heatmap Illustrator 1.0.3.3 (http://hemi.biocuckoo.org/). 
The PPI network including the key proteins was constructed 
using the online STRING database (http://string‑db.org/). GO 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
enrichment analyses were also performed using STRING 
software, with those categories with FDR<0.05 listed.

Western blot analysis. In order to verify the ITRAQ results, 
three DEPs, fibrinogen γ chain (FGG), ATP synthase 
F1 subunit  β (ATP5B) and integrator complex subunit  4 
(INTS4), were selected for further analysis by western blot-
ting. Equivalent quantities of serum protein sample (3 µl) 
were initially electrophoresed on 5% stacking SDS‑PAGE for 
40 min under 60 V, then electrophoresed on 10% separating 

SDS‑PAGE for 80 min under 80 V (cat. no. 161‑0156; Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA) and transferred onto 
polyvinylidene fluoride membranes for 80 min under 80 V 
(cat. no. IPVH00010; EMD Millipore, Billerica, MA, USA). 
Subsequently, the membranes were blocked in 5% skim milk 
Tris‑buffered saline containing Tween‑20 (TBST; Thermo 
Fisher Scientific, Inc.) at room temperature for 1  h. The 
membranes were then washed with TBST three times and 
probed with the following primary antibodies at 4˚C over-
night: Rabbit anti‑transferrin receptor 1 (TFRC) 1 antibody, 
(1:1,000; cat. no. LS‑C186620‑100; LifeSpan BioSciences, 
Inc., Seattle, WA, USA), rabbit anti‑INTS4 antibody, (1:1,000; 
cat. no.ab182329), rabbit anti‑FGG antibody (1:200; cat. 
no. ab62527), rabbit anti‑ATP5B antibody (1:1,000; cat. 
no. ab128743; all Abcam, Cambridge, MA, USA). This was 
followed by incubation with horseradish peroxidase‑labeled 
secondary antibodies (goat anti‑rabbit IgG secondary anti-
bodies; 1:5,000; cat. no. 31210; Thermo Fisher Scientific, Inc.) 
at room temperature for 1 h. Finally, the membranes were 
washed five times with TBST and visualized using an ECL 
DualVue WB Marker (cat. no. RPN810; GE Healthcare Life 
Sciences). The densities of the immunoreactive bands were 
quantified on an X‑ray film (Huadong Medicine Co., Ltd., 
Hangzhou, China) (11).

Statistics analysis. The ITRAQ data were analyzed in Perseus 
software (http://www.coxdocs.org/doku.php?id=perseus:sta
rt#cite) (12), other data were analyzed in SPSS software for 
Windows, version 19.0 (IBM Corp., Armonk, NY, USA). One 
way analysis of variance (ANOVA) was used to evaluate the 
statistical significance among multiple groups during the vali-
dation step; the differences between different time points were 
analyzed using the Least Significant Difference test. Prior 
to one way ANOVA, the normality was confirmed using the 
Shapiro‑Wilk test (P>0.05), and the homogeneity of variances 
using the F test (P>0.05). P<0.05 was considered to indicate a 
statistically significant difference.

Results

Coronary angiography images of beagle dogs. All beagle 
dogs underwent left coronary angiography successfully. Four 
beagle dogs presented with ventricular fibrillation during 
surgery, three died, and one survived following defibrilla-
tion and anti‑arrhythmia therapy. Seven beagle dogs died 
within 24 h after surgery and a total of nine died within the 
2 weeks following surgery. Following postoperative death, the 
beagle dogs were dissected, and bilateral lung congestion was 
detected. Heart failure was considered to be the major factor 
associated with the mortality of these dogs (image not shown).

Coronary angiography at 2 h post‑embolization suggested 
full closure of the proximal left coronary artery (Fig. 2C). 
At 6 h post‑embolization, coronary angiography suggested 
that the blood flow in the proximal left coronary artery was 
restored  (Fig. 2E). At 3 days post‑embolization, coronary 
angiography suggested recanalization of the left anterior 
descending (LAD) artery (Fig. 2F).

DEPs at different time points. In order to minimize the experi-
mental error generated during the experiment, the LC‑MS 
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analysis was repeated twice. The results of the first analysis 
revealed 562 proteins, whereas 554 proteins were detected in 
the second. Among these, 462 common proteins were identi-
fied in the two identifications. In addition, the mass accuracy 
of all identified peptides was checked, and it was found that 
only ~1% (42/4,542) of the peptides had a molecular weight 
deviation >10 ppm, which indicates a high mass accuracy in 
the study. Proteins with confidence interval values >95% and 
P<0.05 were identified and considered as DEPs (Table SI). The 
number of DEPs was 51 at 1 h post‑MI compared with that at 
0 h, including 28 upregulated and 23 downregulated proteins. 
The number of DEPs was 54 at 2 h post‑MI compared with 
that at 0 h, including 28 upregulated and 26 downregulated 
proteins. The number of DEPs was 43 at 3 h post‑MI compared 
with that at 0 h, including 24 upregulated and 19 downregu-
lated proteins. A Venn diagram was produced to clarify the 
association of DEPs among the three time points (Fig. 3).

Biological function analysis of DEPs. The GO annotation 
analysis determined the biological functions of the DEPs 
pre‑ and post‑MI based on three aspects: Biological process, 
molecular function and cellular component.

In the 1 h/0 h comparison (Table SII), 39 proteins were 
found to be related to biological process; these were primarily 
involved in a single‑organism process (28 proteins, 72%), 
cellular process (26  proteins, 67%), metabolic process 
(19 proteins, 49%) and biological regulation (13 proteins, 
33%). The 43 proteins found to be related to molecular func-
tion were mainly involved in binding (31 proteins, 72%) and 
catalytic activity (12 proteins, 28%), and the 41 proteins related 
to cellular component were mainly distributed in the cell 
(30 proteins, 72%) and organelle (20 proteins, 47%).

In the 2  h/0  h comparison (Table  SIII), 43  proteins 
were related to the biological process; these were mainly 
involved in the single‑organism process (32 proteins, 74%), 
cellular process (30  proteins, 74%), biological regulation 
(20 proteins, 47%) and metabolic process (17 proteins, 40%). 
The 46 proteins related to molecular function were primarily 
involved in binding (37 proteins, 80%) and catalytic activity 
(15 proteins, 46%), similar to the 1 h/0 h comparison. The 
43 proteins related to the cellular component were distributed 
in the cell (30 proteins, 70%) and organelle (21 proteins, 49%). 
In addition, the cell membranes also had a specific number of 
DEPs (13 proteins, 30%).

In the 3 h/0 h comparison (Table SIV), 34 proteins were 
related to the biological process, and primarily involved in 
the metabolic process (20 proteins, 59%), cellular process 
(20  proteins, 59%), single‑organism process (18  proteins, 
53%) and biological regulation (12 proteins, 35%). A total of 
36 proteins were related to molecular function, and similar to 
the 1 h/0 h comparison, were primarily involved in binding 
(24 proteins, 67%), catalytic activity (16 proteins, 44%) and 
binding to organic cyclic compounds (12 proteins, 34%). The 
32 proteins related to the cellular component were distributed 
in the cell (20  proteins, 63%) and organelle (14  proteins, 
44%). In addition, similar to the 2 h/0 h comparison, the cell 
membranes had a specific number of DEPs (seven proteins, 
22%).

In order to compare the importance of different GO terms 
pre‑ and post‑MI, GO enrichment analysis was performed 

(Table SV). According to the enrichment analysis, a total of 
10 common GO terms were found in the three comparisons as 
follows: Oxygen transport, gas transport, hemoglobin complex, 
oxygen binding, heme binding, tetrapyrrole binding, protein 
complex, iron ion binding, cytosolic part, and macromolecular. 
A total of 19 DEPs were selected from the 10 GO terms and 
considered to be key proteins (Table I). Hierarchical clustering 
analysis was used to analyze the expression of these 19 key 
proteins at three different time points. The results are shown 
in a heatmap (Fig. 4A). The data used for the heatmap was the 
average of two repetitions. Each line in the heatmap represents 
a protein with the mean upregulation (red) or downregulation 
(green) in expression within the three time points, no change 
in expression is indicated in white.

The hierarchical clustering analysis roughly divided 
the 19 proteins into four main patterns (Fig. 4B). Proteins 
that increased between 0 and 1 h post‑MI were in pattern 1, 
including F1PTY1 [keratin (KRT)1], E2REU6 (KRT18), 
E2R489 (KRT84) and J9NWS3 (KRT9). KRT is the main 
protein that constitutes the epidermis and fur hair follicles (13); 
however, there appears to be no evidence on the association 
between keratin and AMI in the existing literature. In pattern 2, 
proteins were significantly increased within 2 h post‑AMI, 
but showed a downward trend between 2 and 3 h, including 
F1PBL4 [FGA], F1PGS2 (FGB) and F1P8G0 (FGG). FG is 
involved in the coagulation and platelet activation pathway, 
and is important in the thrombus formation. Several studies 
have reported on the association between FG and AMI (14,15). 
In pattern 3, proteins decreased significantly in the third hour, 
including E2RL75 (INTS4), F1PH83 [component of oligo-
meric golgi complex 7 (COG7)], Q0QEN2 (ATP5B), C4MW55 
[cytochrome  c oxidase subunit  2 (COX2)] and F6X5M3 
[clathrin light chain B (CLTB)]. A number of the proteins, 
including ATP5B and COX2, are involved in the composition 
of the electron transport chain (16). COG‑7, a subunit of the 
conserved oligomeric Golgi complex, is involved in the further 

Figure 3. Venn diagram of all DEPs at the three time points. A Venn dia-
gram of all DEPs at the three time points is presented. There were 51, 54 and 
43 DEPs at 1 h/0 h, 2 h/0 h and 3 h/0 h, respectively. In addition, 17 DEPs 
were common to the 1 h and 2 h time points; eight DEPs were common to 
the 1 h and 3 h time points; four DEPs were common in the 2 h and 3 h time 
points; 11 DEPs were common to the 1 h, 2 and 3 h time points. DEPs, dif-
ferentially expressed proteins.
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processing of intracellular synthetic proteins (17), whereas 
CLTB is important in the transport of small molecules, 
including neurotransmitters and membrane proteins, in the 
human body  (18). The decline in the expression of these 
proteins indicates that disorder of energy metabolism may be 
an important factor in the early stages of AMI. In pattern 4, 
proteins increased significantly in the third hour, including 
F1PYZ1 (LOC485255), J9JHZ3 (LOC476825), F1P8V6 
[myoglobin (Mb)], J9JHF7 (LOC100855540), P00011 [cyto-
chrome c (CYCS)], F1Q0N9 (KRT19) and J9NU17 [myosin IA 
(MYO1A)]. LOC100855540, LOC4852 55 and LOC476825 
are corresponding gene symbols of hemoglobin subunit α‑like, 
hemoglobin subunit ε‑2 and hemoglobin subunit β of beagle 
dogs. They are considered to serve important roles in the 
utilization of blood oxygen, however, no relevant reports on 
these proteins in AMI are present in the literature. MYO1A 
is involved in myokinesis (19), whereas CYCS is the electron 
transport body in the process of biological oxidation (20). 
Although the proteins in this pattern are involved in different 
biological processes, no common features of the proteins in 
pattern 4 have been identified at present.

Further bioinformatics analyses of 19  selected DEPs. To 
further understand the potential mechanism underlying these 
DEPs, a PPI regulatory network was analyzed using STRING 
software. The PPI evidence‑view was used, in which the line 
color indicates the type of interaction evidence. The network 
contained 19 nodes and 15 edges with an average node degree 
of 1.58 and local clustering coefficient of 0.558; the expected 
number of edges was one (Fig. 5). The PPI enrichment p‑value 
was 4.11E‑13 (<0.01), this means that there are more interac-

tions amongst the proteins than expected for a random set 
of proteins of a similar size, drawn from the genome. Such 
an enrichment p‑value indicates that the proteins are at least 
partially biologically connected, as a group. The PPI network 
revealed that the interactions between the 19 DEPs were inter-
connected and effectuated as a group.

The functional enrichment analysis revealed that the 
19 selected DEPs were involved in several significant GO 
terms (Fig. 6). In the biological process category, there were 
six GO terms, including blood coagulation (GO:0007596, 
three proteins), single‑organism process (GO:0044699, seven 
proteins), wound healing (GO:0042060, three proteins), 
electron transport chain (GO:0022900, two proteins), 
single‑multicellular organism process (GO:0044707, four 
proteins) and innate immune response (GO:0045087, two 
proteins). In the molecular function category, four GO terms 
included molecule function (GO:0003674, six proteins), 
structural molecule activity (GO:0005198, three proteins), 
electron carrier activity (GO:0009055, two proteins) and 
heme binding (GO:0020037, two proteins). The cellular 
component category comprised 15 GO terms that mainly 
included intermediate filament (GO:0005882, two proteins), 
protein complex (GO:0043234, four proteins), intermediate 
filament cytoskeleton (GO:0045111, two proteins), intracel-
lular organelle part (GO:0044446, four proteins), respiratory 
chain (GO:0070469, two proteins), membrane (GO:0016020, 
four proteins), mitochondrial envelope (GO:0005740, two 
proteins). These molecular functions were closely related to 
electron transport and energy metabolism, which suggested 
that the energy metabolism disorder of cardiomyocytes is the 
initial pathophysiological feature of AMI. In addition, certain 

Table I. Basic information of differentially expressed proteins.

					     Significant
					     time point
Accession no.	 Gene symbol	 1 h/0 h	 2 h/0 h	 3 h/0 h	 (P<0.05)

J9JHF7	 LOC100855540	 1.6132	 2.33704	 2.3493	 1 h, 2 h, 3 h
	 (ENSCAFG00000032615)				  
F1PYZ1	 LOC485255(HBD)	 2.0078	 1.14914	 2.6074	 1 h, 2 h
J9JHZ3	 LOC476825	 1.4238	 1.51391	 1.45468	 1 h, 2 h
F1P8V6	 Mb	 0.8774	 2.54093	 1.8720	 2 h, 3 h
P00011	C YCS	 1.0814	 1.05109	 1.5515	 3 h
J9NU17	 MYO1A	 2.5885	 3.6345	 2.1319	 1 h, 2 h, 3 h
C4MW55	C OX2	 1.4277	 0.84775	 0.5386	 1 h, 3 h
F1PTY1	 KRT1	 1.4629	 0.90146	 1.0768	 1 h
E2RL75	 INTS4	 1.3284	 1.2349	 0.5016	 1 h, 3 h
E2REU6	 KRT18	 1.6622	 1.06858	 1.2304	 1 h
F1Q0N9	 KRT19	 1.8121	 1.13388	 2.9467	 1 h, 3 h
F1PH83	C OG7	 0.7355	 0.91037	 0.6618	 1 h
F6X5M3	C LTB	 1.3703	 1.1251	 0.8135	 1 h
E2R489	 KRT84	 1.4417	 0.95866	 1.1761	 1 h
J9NWS3	 KRT9	 2.4965	 1.04879	 1.0036	 1 h
Q0QEN2	 ATP5B	 0.5946	 0.72595	 0.4211	 1 h, 2 h, 3 h
F1P8G0	 FGG	 2.0490	 2.24377	 1.3447	 1 h, 2 h
F1PBL4	 FGA	 2.6063	 2.67755	 1.3737	 1 h, 2 h
F1PGS2	 FGB	 2.4915	 2.55351	 1.3501	 1 h, 2 h
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proteins were distributed in the intermediate filament, which 
serves a major role in the transfer of intracellular substances 
and maintains the stability of cell morphology.

KEGG enrichment analysis was performed using the 
STRING database (Fig. 7). A total of seven pathways were 
considered significant. Biological functions related to these 

proteins were obtained from the KEGG enrichment analysis 
in Fig. 7. The complement and coagulation cascades pathway 
consisted of three proteins, FGA, FGB and FGG, and the 
composition of the platelet activation pathway was consistent 
with the complement and coagulation cascades pathway. 
These pathways suggested that platelet activation and coagu-

Figure 4. Heatmap and cluster analysis of 19 DEPs at 1, 2 and 3 h post‑MI, vs. pre‑MI (0 h). (A) Each line in the heatmap represents a protein with upregulated 
(red) or downregulated (green) expression at three time points post‑MI, vs. pre‑MI, whereas white represents no change in expression. A complete list of 
the 19 selected DEPs is present in Table I. (B) All 19 proteins were divided into four groups according to different expression patterns (patterns 1‑4). MI, 
myocardial infarction; DEPs, differentially expressed proteins.
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lation disorders may be triggers of AMI, and related content 
has been confirmed in several studies (21,22). Huntington's 
disease, Parkinson's disease and Alzheimer's disease are 
common chronic progressive neurodegenerative disorders, 
however, there are few reports detailing the association 
between these three diseases and AMI. ATP5B, CYCS and 
COX2 are involved in the formation of these pathways; in 
addition, these proteins are involved in the electron transport 
chain (23‑25). In the process of oxidative stress, the production 
of oxygen free radicals causes corresponding changes in the 
expression of these proteins, eventually affecting the metabo-
lism of energy (26). African trypanosomiasis and malaria are 
parasitic diseases, and reports on the associations between the 
two disorders and MI are also lacking. The proteins that make 
up these two pathways were found to be identical (HBD and 
ENSCAFG‑00000032615); it was hypothesized that this may 
be associated with the destruction of red blood cells caused 
by oxygen free radicals. Unfortunately, there is currently no 
relevant literature to confirm this. The link between these 
pathways and AMI remains to be fully elucidated and neces-
sitates further investigation.

Validation analysis by western blot analysis. The validation 
of the candidate biomarkers was critical. As mentioned above, 
according to the heatmap and PPI network, all proteins were 
roughly divided into four groups. The first group included 
FGA, FGB and FGG, which are monomers that make up 
fibrinogen. In the ITRAQ results, the expression of the three 
proteins within 3 h was similar (Table I). This appears to 
illustrate the similarity of the three proteins, and FGG was 
selected for further verification. The second group included 
ATP5B, COX2 and CYCS, which are mainly involved in the 
electron transport chain and energy generation. Although 
COX2 was at the core of the cluster, it was not possible 
to obtain the corresponding beagles' primary antibody. 

According the results of ITRAQ [1 h/0 h: 0.59; 2 h/0 h: 0.73, 
3 h/0 h: 0.42] (Table I), the expression of ATP5B decreased at 
all three time points. It was anticipated that the protein used 
for verification is ideally detected sooner (within 1 h) and 
stabilizes for a period of time (at least 3 h). ATP5B fully met 
the requirements and was selected for further verification. 
The third group included KRT1, KRT19 and KRT84; there 
are no data suggesting a link between KRT1, KRT19, KRT84 
and MI, therefore, none of these proteins were selected for 
further verification. There were also other proteins that are 
not involved in the composition of the network. These scat-
tered proteins were classified into one group and INTS4 
was selected for further verification, as the corresponding 
beagle primary antibody was obtained and the expression of 
INTS4 altered significantly within 1 h. Based on the above 
results, INTS4, FGG and ATP5B were selected for further 
validation according to western blot analysis. These proteins 
were selected as the association between them and MI had 
not been established so far. In addition, the corresponding 
beagle antibody was available to purchase. They cover a 
considerable proportion of the important biological processes 
that the 19 key proteins involved in. In addition, the expres-
sion of TFRC  1 was relatively stable according the ITRAQ 
results, as the internal reference of the experiment. Serum 
samples from 10 beagle dogs were collected and interesting 
results were obtained from the images. As shown in Fig. 8, 
with the expression of TFRC 1 at 0 h as ‘1’, the expression of 
TFRC did not alter significantly at the three points [1 h/0 h: 
0.95±0.12 (P>0.05); 2 h/0 h: 1.03±0.10 (P>0.05), 3 h/0 h: 
1.05±0.10 (P>0.05), Fig. 8A and B]. The results of the western 
blotting were basically consistent with the ITRAQ results 
[1 h/0 h: 1.11±0.15 (P>0.05); 2 h/0 h: 1.12±0.11 (P>0.05), 
3 h/0 h: 1.10±0.12 (P>0.05); Table SI]. There were no statisti-
cally significant differences between the 2 h/0 h and 1 h/0 h 
groups, 2 h/0 h and 3 h/0 h groups, or 1 h/0 h and 3 h/0 h 
groups (P>0.05). With the expression of ATP5B/TFRC at 
0 h as ‘1’, the expression of ATP5B decreased significantly 
at all three time points [1 h/0 h: 0.58±0.06 (P<0.01); 2 h/0 h: 
0.56±0.09 (P<0.01), 3 h/0 h: 0.35±0.08 (P<0.01), Fig. 8C]. 
With the exception of marginal differences in drop trends, 
this was consistent with the ITRAQ results [1 h/0 h: 0.59±0.10 
(P<0.01); 2 h/0 h: 0.73±0.14 (P<0.05), 3 h/0 h: 0.42±0.06 
(P<0.01)]. There was no statistically significant difference 
between 1h/0h and 2 h/0 h (P>0.05), however, the expres-
sion of ATP5B decreased significantly at 3 h/0 h compared 
with that at 2 h/0 h and 1 h/0 h (P<0.05). With the expression 
of FGG/TFRC at 0 h as ‘1’, it was increased at 2 h and 3 h 
[1 h/0 h: 1.07±0.21 (P>0.05); 2 h/0 h: 1.72±0.21 (P<0.01), 
3 h/0 h: 1.51±0.18 (p<0.01), Fig. 8D]. Although the expression 
of FGG was elevated at all three time points, it differed from 
the results of ITRAQ [1 h/0 h: 2.05±0.34 (P<0.01); 2 h/0 h: 
2.24±0.42 (P<0.01); 3 h/0 h: 1.34±0.31 (P>0.05)]. With the 
expression of INTS4/TFRC at 0 h as ‘1’, it was increased at 
all three time points [1 h/0 h: 2.12±0.41 (P<0.01); 2 h/0 h: 
1.99±0.35 (P<0.01), 3 h/0 h: 2.20±0.25 (P<0.01), Fig. 8E] and 
differed from the ITRAQ results [1 h/0 h: 1.33±0.21 (P<0.05); 
2 h/0 h: 1.23±0.17 (P>0.05), 3 h/ 0h: 0.50±0.11 (P<0.05)]. 
There were no statistically significant differences between 
the 2 h/0 h and 1 h/0 h groups, 2 h/0 h and 3 h/0 h groups, or 
1 h/0 h and 3 h/0 h groups (P>0.05). Although the results from 

Figure 5. PPI regulatory network of DEPs. All DEPs were combined together 
to form a complex interaction network using STRING software. The network 
contained 19 nodes and 15 edges. Average node degree: 1.58; local clustering 
coefficient: 0.558; expected number of edges: one. The PPI enrichment 
P‑value was 4.11e‑13. HBD represents LOC476825, ENSCAFG00000032615 
represents LOC1008‑55540. PPI, protein‑protein interaction; DEPs, differen-
tially expressed proteins.
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the western blotting did not completely coincide with those of 
ITRAQ, ATP5B may serve as a biomarker of MI within 3 h.

Discussion

The diagnosis of AMI is a major issue in cardiology as no 
specific diagnostic criteria are available for MI within 3 h. 
In the present study, several DEPs were identified according 

to ITRAQ technology and 19 were selected based on the GO 
enrichment analysis.

Among the19 DEPs, Mb has been used as a biomarker 
clinically, its diagnosis has a high sensitivity after 2  h of 
AMI (27,28). Although Mb was one of the clinical biomarkers, 
its elevation following AMI has high sensitivity but lacks 
specificity. It is of certain value in eliminating the diagnosis of 
MI, but is not the preferred standard for clinically determining 
MI (29,30). However, in a previous study, myoglobin generally 
rose after 2‑4 h of AMI and took 8‑12 h to reach its peak (4 h: 
169.74±38.54 µg/l, 12 h: 193.42±47.82 µg/l, 24 h: 189.54±44.63 
µg/l, 72 h: 153.42±33.75 µg/l)  (31). The ITRAQ results for 
Mb in the present study were similar with these previous data 
[ITRAQ results: 1 h/0 h: 0.88 (P>0.05), 2 h/0 h: 2.54 (P<0.01), 
3  h/0  h: 1.87 (P<0.01)] (Table  I). Furthermore, STRING 
database analysis revealed the PPI network between these 
proteins. INTS4, FGG and ATP5B were selected for additional 
confirmatory experiments. These proteins were selected as 
only limited data are available with respect to the correlation 
between these proteins and MI in the current literature, and 
the corresponding beagle dogs' antibodies were available for 
purchase. In the present study, data were as follows: ATP5B 
[1 h/0 h: 0.59 (P<0.01), 2 h/0 h: 0.73 (P<0.01), 3 h/0 h: 0.42 
(P<0.01)]; FGG [1 h/0 h: 2.05 (P<0.05); 2 h/0 h: 2.24 (P<0.05), 
3 h/0 h: 1.34 (P>0.05)]; INTS4 [1 h/0 h: 1.33 (P<0.01); 2 h/0 h: 
1.23 (P>0.05), 3 h/0 h: 0.50 (P<0.01)] (Table I). The expression 
of ATP5B was significantly decreased at the three time points. 
It appears that ATP5B was superior to Mb, as the change in 
ATP5B appeared earlier than that for Mb. FGG increased 
significantly at 1 and 2 h, but not at 3 h. INTS4 increased 
significantly at 1 and 3 h, from the perspective of speed, FGG 
and INTS4 were superior to Mb (with the latter increasing 

Figure 7. KEGG pathway enrichment analysis of 19 selected DEPs. The 
KEGG pathway analysis was performed using the STRING database. A 
pathway was considered significant at a FDR of <0.05. All significant path-
ways are presented. KEGG, Kyoto Encyclopedia of Genes and Genomes; 
FDR, false discovery rate.

Figure 6. GO enrichment analysis of 19 selected differentially expressed proteins. Data enrichment analysis was performed using the STRING database. It 
includes the biological process, molecular function, and cellular component. When FDR<0.05, the GO term was considered significant. All significant GO 
terms and respective ‑LOG10 (FDR) values are presented. GO, Gene Ontology; FDR, false discovery rate.
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significantly at the second hour), however, the increased expres-
sion of Mb lasted longer and was easier to detect. Finally, it was 
concluded that ATP5B may be a potential specific diagnostic 
biomarker for AMI within 3 h. This provided in‑depth insight 
into the occurrence and development of MI, thereby providing 
a novel direction for MI treatment.

The PPI network revealed that COX2 was at the core of 
the network. The ITRAQ results showed that the expression of 
COX2 increased at 1 h and decreased at 3 h significantly. COX, 
a terminal enzyme on the electron transport chain, serves a vital 
role in the oxidative phosphorylation process of organisms. It 
can catalyze the transfer of electrons from cytochrome c to 
oxygen molecules and restore it to water (32). COX in eukary-

otes consists of 13‑15 subunits; consecutively, the prokaryotic 
COX contains 3‑5 subunits. Subunits  1‑3 are encoded by 
mitochondrial DNA, which are highly conserved sequences 
and known as core subunits. However, only subunits 1 and 2 
can exert complete electron transport activity (33,34). As a 
key enzyme in energy metabolism, the functional impairment 
of COX is associated with numerous neurological diseases 
and tumors, including Alzheimer's disease (35,36), encepha-
lomyopathy  (37), muscular dystrophy  (38) and colorectal 
cancer (39). Previous studies have examined the connection 
between COX2 and MI. Chen et al found that diminazene, 
an antiparasitic drug, significantly reduced the expression 
of COX2 and the infarct area (40). Kim et al revealed that 

Figure 8. Validation of the expression of TFRC, INTS4, FGG and ATP5B by western blot analysis. The serum levels of TFRC, INTS4, ATP5B and FGG were 
determined by western blot analysis prior to MI model establishment (0 h) and following MI model establishment at 1, 2 and 3 h (mean ± standard error of the 
mean, n=10). P‑values of multiple groups was calculated using one‑way analysis of variance, and pairwise comparison within was performed using the Least 
Significant Difference test. (A) Representative bands of different proteins at different time points. (B) Relative expression of TFRC at the three time points, 
1 h/0 h: 0.95±0.12 (P>0.05); 2 h/0 h: 1.03±0.10 (P>0.05), 3 h/0 h: 1.05±0.10 (P>0.05). (C) Relative expression of ATP5B at the three time points, 1 h/0 h: 
0.58±0.06 (P<0.01); 2 h/0 h: 0.56±0.09 (P<0.01), 3 h/0 h: 0.35±0.08 (P<0.01). (D) Relative expression of FGG at the three time points, 1 h/0 h: 1.07±0.21 
(P>0.05); 2 h/0 h: 1.72±0.21 (P<0.01), 3 h/0 h: 1.51±0.18 (P<0.01). (E) Relative expression of INTS4 at the three time points, 1 h/0 h: 2.12±0.41 (P<0.01); 
2 h/0 h: 1.99±0.35 (P<0.01), 3 h/0 h: 2.20±0.25 (P<0.01). **P<0.01, vs. 0 h/0 h group; #P<0.05 and ##P<0.01, vs. 1 h/0 h group; &P<0.05, vs. 2 h/0 h group. MI, 
myocardial infarction; ATP5B, ATP synthase F1 subunit β; FGG, fibrinogen γ chain; INTS4, integrator complex subunit 4; TFRC, transferrin receptor 1.
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ischemic preconditioning (IPC) exerted a protective effect on 
MI and ischemia‑reperfusion (I/R) injury, and further genetic 
analysis revealed that most differentially expressed genes 
were associated with the generation and transformation of 
energy. In addition, IPC significantly improved the expression 
of COX2 and COX3 compared with that in the I/R injury 
group (41). Due to the lack of COX2 antibodies of beagles, it 
was not possible to verify the expression of key factors in the 
present study, therefore, further investigations are essential for 
elucidating the correlation between MI and COX2.

Notably, in the present study, the expression of MYO1A 
increased at the three time points; however, MYO1A was 
not selected for further experiments due to the lack of beagle 
MYO1A antibody. MYO1A, also known as brush border 
myosin I, is one of the most noted monomeric motor proteins. 
MYO1A is associated with several diseases, including auto-
somal recessive hearing loss (42), Charcot‑Marie tooth disease, 
and gastroenteric tumors (43,44). It serves a critical role in the 
interface between membrane and cytoskeleton, contains a motor 
domain that can bind actin and promote constriction between 
actin and a tail homology 1 (TH‑1) domain connected to the 
membrane (45); however, currently, the function of the TH‑1 
domain remains to be fully elucidated. MYO1A is also the most 
prominent plus‑end directed motor, and can bind to MYO6 (the 
sole minus‑end directed motor); both motors exert opposing 
tension and are required for trafficking and ion transport on the 
brush border (46). Currently, there are no reports describing the 
association between MYO1A and MI. The change in MYO1 
within 3 h of MI requires further investigation.

The integrator complex is a newly identified multi-
functional protein complex. It contains at least 12 subunits 
(INTS1‑INTS12). Takata  et  al found that the INTS4 was 
required for the integrity of Cajal bodies (47). The Cajal body 
is a complex intranuclear organelle that is crucial for the 
production of snRNP, maintenance of telomere length and 
proliferation of cells (48). Other studies have indicated that 
Cajal bodies are involved in the occurrence and development 
of tumors (49,50). The association between MI and INTS4 

remains to be fully elucidated. The ITRAQ results found that 
the expression of INTS4 increased at 1 h and decreased at 
3 h significantly. However, the western blotting revealed that 
INTS4 increased at the three time points, and further investi-
gations with large sample sizes are required.

ATP5B encodes the expression of ATP synthase subunit β 
that catalyzes the rate‑limiting step in ATP synthesis. It is the 
key protein in the oxidative phosphorylation pathway. The 
overexpression or silence of ATP5B can influence not only 
the energy metabolism but also the other pathophysiological 
process. Zuo  et  al found that the expression of ATP5B 
increased in patients with asthma, and may be the vital factor 
of airway remodeling (51). Xu et al found that during the liver 
surgery‑induced hepatic I/R injury, the expression of ATP5B 
was decreased. These studies concluded that ATP5B was 
regulated by the IPC process and may serve as the protective 
factor in I/R injury (52). In addition, ATP5B is associated with 
prostate cancer metastasis (53), colorectal cancer (54), clear 
cell renal cell carcinoma (55) and female thyroid cancer (56). 
These studies illustrate that the expression of ATP5B alters 
significantly in the metabolism of different tumor types. 
ATP5B may provide a potential direction for the diagnosis and 
treatment of tumors. However, the relevance of the association 
between ATP5B and MI has not described previously. The 
ITRAQ results showed that the expression of ATP5B decreased 
at all the three time points. In addition, the validation findings 
were consistent with those of ITRAQ. These results suggested 
that ATP5B may be a biomarker of MI within 3 h, and the 
potential mechanisms require further investigation.

Several DEPs (ATP5B, COX2 and CYCS) obtained from 
the ITRAQ results were closely associated with the function 
of mitochondria. These DEPs are mainly distributed in the 
electron transport chain of the inner mitochondrial membrane, 
suggesting that disordered energy metabolism is the initial 
pathophysiological characteristic of MI. Several studies have 
examined the connection between MI and energy metabolism. 
Wang et al stated that the mitochondrial function was impaired 
in the ischemic myocardium of rat models. Applying Shenmai 

Figure 9. ECG of beagle dogs pre‑MI (0 h) and post‑MI (3 h). Adapted from Ref (62). (A) ECG of beagle dogs prior to surgery. There was no notable 
abnormality in the ECG of normal beagles. (B) ECG of beagle dogs at 3 h post‑surgery. The ST segment of beagle dogs between V2 and V6 elevated. ECG, 
electrocardiogram; MI, myocardial infarction.
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formula, a traditional Chinese medicine, effectively decreased 
the damage of mitochondrial function (57). Sun and Yang 
found that metformin improved the myocardial function of 
mice with heart failure following MI according to regulation 
of the expression of SIRT3 and PGC‑1α in the mitochondrial 
inner membrane (58). However, mitochondrial dysfunction is 
not unique to MI; energy metabolism barriers can also occur 
in acute cerebral ischemia  (59), renal ischemia  (60), liver 
ischemia (61) and other ischemic diseases. This provides a 
novel direction in order to understand the process of MI, and 
further investigations are required.

The sensitivity and specificity of the ischemic process, 
including ECG and myocardial enzyme measurements were 
also examined, and the relevant results were published previ-
ously (62). It has previously been demonstrated that the changes 
of myocardial enzymes and cTnI in beagle dogs resembled those 
in humans; cTnI increased significantly at 6 h post‑surgery 
[18.13±5.09 (6 h), vs. 0.02±0.04 µg/ml (0 h), P<0.01], peaked 
at ~12 h (78.68±2.08 µg/ml, vs. 0 h, P<0.01, vs. 6 h P<0.01), 
and maintained the peak after 24 h (79.12±0.04 µg/ml, vs. 
0 h P<0.01, vs. 6 h, P<0.01, vs. 12 h P>0.05); cTnI in humans 
began to increase at 2 h post‑MI, peaked at ~12 h and began to 
decline at 24 h post MI (4). Similar results were obtained for 
the remaining enzymes associated with MI, including aspartate 
aminotransferase, alanine aminotransferase and CK‑MB. In 
the ECG, the ST segment of the V2‑V6 leads in the beagle dogs 
showed marked elevation at 3 h post‑surgery, which was consis-
tent with the expected blocking of the LAD artery. There was 
no obvious abnormality in the ECG the of the beagle dogs prior 
to surgery (Fig. 9A and B). These detections confirmed that the 
dog MI model established was successful, following surgery, 
the cardiomyocytes were in an ischemic state. Unfortunately, 
the ECG and cTnI of beagle dogs was not detected within 3 h 
of MI. Details are described in a previous study (62).

ITRAQ technology provides a platform for the examina-
tion of protein biomarkers. However, the present study has 
certain limitations. Firstly, it was not possible to collect a large 
number of serum samples from MI patients for confirmatory 
experiments as a majority of the patients suffered MI for >3 h, 
and informed consent was not obtained at an appropriate time. 
In addition, no ITRAQ was performed with normal subjects 
to compare with normal beagle dogs; only if the observed 
MI‑DEPs are not present in the DEP between human and 
beagle can they serve as biomarkers in humans. Without any 
data from human samples from real patients, interpretation of 
the results presented here requires caution. Furthermore, the 
ITRAQ results were verified for consistency only with western 
blotting, and hence, additional investigations are essential for 
further substantiation.

In conclusion, the present study used proteomic analysis 
to identify the potential early biomarkers of MI in dogs. The 
experimental results identified a variety of DEPs, providing 
novel insight for the diagnosis of early MI. However, the 
specific pathophysiological mechanisms underlying these 
DEPs in early‑stage MI necessitate further investigation.
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