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Background: Acute myocardial infarction (AMI) is the most serious type of heart disease. Clinically, there 
is an urgent need to discover diagnostic biomarkers for the early diagnosis of AMI. 
Methods: Serum proteomic profiles in AMI patients, healthy controls, and stable angina pectoris (SAP) 
patients were explored and compared by iTRAQ-2DLC-MS/MS. The clinical data of AMI patients were 
also analyzed. Differentially expressed proteins were validated by enzyme linked immunosorbent assay 
(ELISA), and diagnostic models were constructed. 
Results: A total of 39 differentially expressed proteins were identified in AMI patients. The results showed 
that the serum levels of apolipoprotein E (APOE) in AMI patients were notably higher than those in the 
healthy controls (P=0.0172). The serum levels of aspartate aminotransferase (AATC) in AMI patients were 
markedly higher than those in the healthy controls and SAP patients (P<0.0001 and P<0.0001, respectively). 
The serum levels of fibronectin (FINC) in SAP patients were significantly higher than those in the 
healthy controls and AMI patients (P=0.0043 and P=0.0044, respectively). Clinical data analysis showed a 
considerable difference in blood glucose levels, troponin I (TNI), and creatine kinase (CK) in AMI patients 
compared with SAP patients and healthy controls. A diagnostic model consisting of AATC and clinical 
indicators [lactate dehydrogenase (LDH) and CK] was established to distinguish between AMI patients and 
healthy controls, with an area under the curve (AUC) value of 0.993 sensitivity and specificity of 96.2% and 
96.3%, respectively. A diagnostic model consisting of AATC and CK was established to distinguish between 
AMI patients and SAP patients, with an AUC value of 0.975 and a sensitivity and specificity of 85.2% and 
79.30%, respectively. 
Conclusions: In this study, differentially expressed proteins in AMI patients were combined with clinical 
indexes, LDH and CK, and two diagnostic models were constructed. This study may provide meaningful 
data for the early diagnosis of AMI.
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Introduction

Coronary artery disease (CAD) is caused by atherosclerosis, 
often leading to serious cardiac events. If CAD patients are 
not treated promptly, complete occlusion of the coronary 
artery may occur, leading to permanent damage (myocardial 
infarction) (1,2). Acute myocardial infarction (AMI) is one 
of the most serious types of CAD. In CAD, coronary blood 
flow is drastically reduced or interrupted, causing severe 
myocardial ischemia or necrosis (3). AMI is caused by the 
rupture of an unstable coronary-artery plaque and often 
occurs due to coronary atherosclerosis stenosis. Unstable 
plaque caused by coronary atherosclerosis often leads to 
local erosion and rupture and results in platelet aggregation, 
thrombus formation, and blockage of the coronary arteries. 
This ultimately results in myocardial ischemia and hypoxia, 
and eventually, AMI.

Moreover, AMI, in turn, further accelerates atherosclerosis 
(4,5). AMI could cause severe complications, such as 
congestive heart failure and malignant arrhythmia, with 
high rates of morbidity and mortality (6,7). Timely 
diagnosis and treatment of AMI can reduce the mortality 
rate and may improve the prognosis of patients.

At present, the diagnosis of AMI is based on chest pain 
accompanied by dynamic changes on electrocardiogram 
(ECG) and protein biomarkers. However, ECG lacks 
high sensitivity for the detection of AMI. Some patients 
have no typical clinical manifestations or specific ECG 
changes in AMI’s early stages (8). Cardiac troponin I 
(TNI), myoglobin (Mb), and creatine kinase MB (CK-
MB) are the most commonly used biomarkers for AMI 
clinical diagnosis. Among them, cardiac troponin is a highly 
specific biomarker for the diagnosis of AMI (1). However, 
the sensitivity is not good in the first few AMI hours, and 
false-positive values may occur in severe heart failure, 
arrhythmia, and myocarditis (1). MB can be detected within 
3 hours after AMI with good sensitivity. However, the 
specificity is limited. MB can also be detected in skeletal 
muscles, and abnormally increased MB levels can be found 
in diseases such as striated muscle injury (1). CK-MB is 
the most widely used biomarker for the diagnosis of AMI. 
However, the sensitivity of CK-MB is poor within 6 hours 
of onset, and false positive results can occur in skeletal 
muscle diseases, affecting the specificity of CK-MB (1,9). 
Also, a single protein serving as a diagnostic biomarker for 
the disease is not specific enough.

In some cases, it is difficult to distinguish between AMI 
patients and stable angina pectoris (SAP) patients (10). 

The clinical symptoms of AMI and SAP are similar. Both 
of the diseases occur during exertion or agitation and have 
the symptoms such as chest pain, precordial pain, and 
feelings of impending death. Chest pain can be manifested 
as compression pain and oppression. It is difficult to 
distinguish AMI and SAP by clinical symptoms alone, and 
it is even more difficult for patients with atypical symptoms. 
Since SAP patients are often compared and analyzed with 
AMI patients in studies examining potential biomarkers 
for the early diagnosis of AMI, SAP and were also selected 
for comparison with AMI in this study (11). Xu et al. (12) 
identified several novel AMI biomarker candidates by 
(iTRAQ)-based quantitative proteomic approach. However, 
the sample size was too small, the differential diagnosis 
group (patients with similar symptoms with AMI patients) 
was lacking, and the differentially expressed proteins were 
not verified by another protein detection method in a 
greater number of patients. Therefore, early diagnosis is 
still the main principle for the treatment of AMI. 

In this study, iTRAQ-2DLC-MS/MS was used to screen 
differentially expressed proteins in the serum of 10 AMI 
patients (onset time ≤12 h), 10 SAP patients, and 10 healthy 
controls. Potential biomarkers for the early diagnosis of 
AMI were validated and analyzed using bioinformatics 
methods and enzyme linked immunosorbent assay (ELISA) 
in 30 AMI patients, 30 healthy controls, and 30 SAP 
patients. All patients’ clinical data were analyzed, as was 
the relationship between the clinical data and the candidate 
proteins. Finally, diagnostic models were established. We 
present the following article in accordance with the STARD 
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-7891).

Methods

Patients and control subjects

The workflow of this study is illustrated in Figure 1. A 
total of 90 subjects were included. All of the AMI patients 
(aged 41–92 years, N=30), SAP patients (aged 30–82 years, 
N=30), and healthy controls (aged 43–83 years, N=30) were 
recruited from the Zhejiang hospital (Hangzhou, Zhejiang, 
China) between January 2014 and December 2016. Patients 
were diagnosed according to the guidelines of the American 
Heart Association/American College of Cardiology 
Foundation (13-15). AMI patients were diagnosed using 
the changes in myocardial necrotic proteins and met one of 
the following criteria: (I) showing clear ischemic symptoms; 
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Figure 1 The workflow of the experiment. (A) The inclusion of subjects, collection of serum samples, protein pretreatment, and iTRAQ-
2DLC-MS/MS analysis. (B) Screening and validation of differentially expressed proteins. AMI, acute myocardial infarction; SAP, stable angina 
pectoris; KEGG, Kyoto Encyclopedia of Genes and Genomes database; KCRM, creatine kinase M-type; AATC, aspartate aminotransferase; 
FINC, fibronectin; MDHC, malate dehydrogenase; APOE, apolipoprotein E; ELISA, enzyme linked immunosorbent assay.

(II) showing dynamic ECG changes with pathological Q 
wave; (III) showing new ST-T changes or onset of left 
bundle branch block on ECG; or (IV) showing segmental 
wall motion disorder on imaging, or with loss of viable 
myocardium (13,14). Patients with SAP were also diagnosed 
according to the American Heart Association/American 
College of Cardiology Foundation guidelines (15,16). 
Patients with hepatitis B, tuberculosis, diabetes, AIDS, 
cancer, and immunosuppressive drug users were excluded. 
Fasting blood samples were collected in the morning from 
all subjects. 5.0 mL peripheral blood were collected and 
centrifuged at 956 g at 4 ℃ for 10 min to separate the 
serum.

This study was performed following the Declaration 
of Helsinki (as revised in 2013). The Ethics Committee 
approved this study of Zhejiang University (China) (No. 
2015007). Written informed consent was obtained from all 
participants. 

iTRAQ 2D LC-MS/MS

There were three experimental groups in this study: 

AMI patients, SAP patients, and healthy controls. Ten 
serum samples from each group were randomly selected 
and divided into two biological replicates, and then the 
serum samples of each biological replicate were pooled in 
equal amounts, respectively. Each serum mixture’s high-
abundance proteins were removed by using a Human 
14-Multiple Affinity Removal System (MARS) multiple 
affinity removal liquid chromatography (LC) column 
(Agilent Technologies, Santa Clara, CA, USA). The total 
protein in each group was determined by the Bradford 
protein assay; 100 μg protein samples from each sample 
were then reduced, alkylated, digested with trypsin, and 
labeled with the iTRAQ-isotope (17,18). Experimental 
groups were labeled as follows: healthy controls, 113, 
116; AMI patients, 114, 117; and SAP patients, 115, 118. 
The labeled proteins were pooled and desalted with Sep-
Pak Vac C18 (Waters, Milford, MA, USA) and dried by 
rotation vacuum concentrator (Christ RVC 2–25, Christ, 
Osterode, Germany).

Mixed peptides were separated using the strong cation 
exchange LC column (strong cation exchange, SCX,  
2.1 mm × 100 mm, 5 μm, 200 A, Polysulfoethyl column) 

AMI patients SAP patients

Diagnosis, serum sample collection

487 differently expressed proteins

Informatics analysis (GO, KEGG, string)

ELISA validation

Establishment of the protein model

 Reduced, alkylated, and digested of proteins

Elimination of high-abundance proteins
(Human 14-MARS multiple affinity removal LC column) 

Candidate proteins
(KCRM, AATC, FINC, MDHC, APOE)

Three serum protein biomarker 
(APOE, FINC, AATC)

Protein identification and relative quantification
(Protein Pilot software, International Protein Index database)

iTRAQ labeling, and 2DLC-MS/MS analysis
(healthy controls: 113,116; AMI patients: 114, 117;  

SAP patients: 115, 118)

Healthy controls BA
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(Nest Group, Southborough, MA, USA) by applying a 20AD 
LC system (SHIMADZU, Kyoto, Japan). Subsequently, 
peptides were loaded into the column and eluted stepwise 
with buffer A (25% acetonitrile, 10 mM KH2PO4, pH 2.6) at 
a flow rate of 200 μL/min, and a linear gradient (0–80%) of 
buffer B (25% acetonitrile, 10 mM KH2PO4, 350 mM KCL, 
pH 2.6). Twenty fractions were collected from the SCX 
column and were then injected into the ZORBAX 300SB-
C18 reverse-phase (RP) column (5 μm, 300Å, 0.1×150 mm,  
Microm, USA). The flow rate of buffer A (5% CAN, 0.1% 
formic acid) in the RP separation was 300 nL/min, and 
elution was performed with a linear gradient of buffer B 
(95% acetonitrile ACN, 0.1% formic acid) over 90 min. 
Peptides were analyzed using the Triple TOF 5600 system 
(Applied Biosystems, USA) with the information-dependent 
acquisition mode (IDA). In the IDA mode, the mass-
spectrometer (MS) range was 400–1,500 m/z, and up to 20 
most-intense multiply charged ions were sequentially selected 
for production analysis with a mass range of 100–2,000 m/z. 
All samples were performed and analyzed in duplicate (19,20).

Protein identification and relative quantification

Protein Pilot software 4.2 beta (ABI, USA) and the 
International Protein Index database (version 3.87, HU-
MAN) were used to search and identify proteins. The 
ProGroup algorithm of the Protein Pilot software was 
applied to eliminate redundant hits and generate the 
minimal number of identified proteins (21). Meanwhile, to 
minimize false positives, more than two peptides with a 95% 
confidence interval with unused ProtScore ≥1.3 were set as 
cutoff values during protein identification. The error factor 
and P value were calculated using ProteinPilot software, and 
the data was considered reliable at P value <0.05 and error 
factor <2. Proteins with fold changes ratio <0.50 (down-
regulated) or >1.60 (up-regulated) were selected.

Informatics analysis 

The functional distribution of differentially expressed 
proteins was analyzed by Gene Ontology (GO), including 
molecular function, cellular component, and biological 
process. The signaling pathway enrichment of differentially 
expressed proteins was acquired by searching against the 
Kyoto Encyclopedia of Genes and Genomes (KEGG) 
database. The functional interaction between proteins was 
analyzed with STRING software (http://string-db.org/), 
and functions were also searched through the UniportKB 

database.

ELISA analysis

Human Apolipoprotein E ELISA (APOE) Kit (Abcam, 
Cambridge, MA, USA; SwissProt: P02649; dilution factor: 
1:400), Human Fibronectin (FINC) ELISA Kit (Abcam, 
Cambridge, MA, USA; SwissProt: P02751; dilution factor: 
1:16,000), and Human aspartate aminotransferase (AATC) 
ELISA Kit (CUSABIO Biotech, Wuhan, Hubei, China; 
SwissProt: P17174; dilution factor: 1:10) were used to test 
the concentrations of proteins in different subjects (N=90; 
30 AMI patients, 30 SAP patients, and 30 healthy controls). 

ELISA assay was performed in duplicate according to 
the manufacturer’s instructions. The protein concentration 
was calculated by applying a four-parameter logistic curve 
of Microplate Manager 6 software (Bio-Rad, Inc., Hercules, 
CA, USA).

Statistical analysis

GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla, 
CA USA) was applied for statistical analysis. Parametric 
data were presented as mean ± standard deviation (SD) and 
were analyzed by t-test for the means and chi-square test for 
the composition ratios. P<0.05 was considered statistically 
significant. Nonparametric data were presented as median ± 
interquartile range (IQR) and were analyzed by the Mann-
Whitney U test (for two groups) and Kruskal-Wallis H test 
(for three or more groups). Spearman correlation between 
candidate proteins and clinical indices were also performed 
using SPSS software. Receiver operating characteristic curve 
(ROC) curves were analyzed by MedCalc 11.4 software  
(Version 12.3.0, Belgium), and the area under the curve 
(AUC) value and the logistic regression equation were also 
generated.

Results

Protein identification and relative quantification

A total of 109 proteins were identified to be differentially 
expressed in the AMI group than the healthy control 
group, including 81 up-regulated and 28 down-regulated 
differentially expressed proteins. A total of 115 proteins 
were found to be differentially expressed in the AMI 
group than the SAP group, including 74 up-regulated and  
41 down-regulated differentially expressed proteins. The 
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results also showed that, compared with the healthy control 
and SAP groups, there were 39 differentially expressed 
proteins in the AMI group. Among them, 29 differentially 
expressed proteins were up-regulated (Table 1), and  
10 differentially expressed proteins were down-regulated 
(Table 2). 

Bioinformatics analysis

GO functional annotation analysis showed that most of 
the differentially expressed proteins were involved in the 
biological process (32, 5.09%), cellular process (26, 4.13%), 
and biological regulation (25, 3.97%). Proteins related to 
the cellular component were distributed in the cell (40, 
6.36%), extracellular region (36, 5.72%), and organelles 
(34, 5.41%). Proteins related to the molecular function 
were involved in binding (32, 5.09%), catalytic activity 
(20, 3.18%), and enzyme regulation activity (7, 1.11%) 
(Figure 2A). KEGG analysis showed that most proteins 
were involved in the glycolysis/gluconeogenesis metabolic 
pathway (7, 13.73%), the pyruvate metabolism pathway (3, 
5.88%), and regulation of the actin cytoskeleton cellular 
pathway (3, 5.88%) (Figure 2B). Protein-protein functional 
interactions were also observed among all differentially 
expressed proteins (Figure S1). FINC, creatine kinase 
M-type (KCRM), AATC, and malate dehydrogenase 
(MDHC) were selected as candidate proteins, combined 
with the functions of differential proteins and their fold 
changes between the experimental groups. APOE was 
associated with the disease functionally and was also listed 
as a candidate protein, although the difference in APOE 
level was not significant enough between the experimental 
groups.

Verification of differentially expressed proteins by ELISA

Differentially expressed proteins were validated in 
AMI patients (N=30), SAP patients (N=30) and healthy 
controls (N=30). The results showed that the serum 
levels of APOE protein (81.17±46.86 μg/mL) were 
significantly higher in AMI patients than in healthy 
controls (57.97±22.56 μg/mL) (P=0.0172, Figure 3A). 
The serum levels of AATC protein in AMI patients 
(11,760.03±17,780.05 mU/mL) were markedly higher 
than those in healthy controls (495.36±1,728.08 mU/mL) 
and SAP patients (562.06±841.30 mU/mL) (P<0.0001 and 
P<0.0001, respectively, Figure 3B). The serum levels of 
FINC in AMI patients (41.93±31.41 ng/mL) were notably 

lower than those in SAP patients (68.55±35.33 ng/mL)  
(P=0.0044). In addition, the FINC levels in SAP patients 
were also considerably higher than those in healthy 
controls (44.84±25.66 ng/mL) (P=0.0043, Figure 3C).

AMI patients were divided into different groups 
according to their clinical characteristics, including age, 
gender, ST-segment elevation, the position of lesion vessel 
(left main coronary artery, anterior descending artery, 
right coronary artery, or left circumflex artery), and the 
serum levels of APOE, AATC, and FINC were analyzed. 
The results showed that the serum levels of FINC in 
AMI patients were significantly higher in those aged  
<65 years (92.31±61.78 μg/mL) than in those aged ≥65 years 
(70.83±25.10 μg/mL) (P=0.047, Table S1). The serum levels 
of APOE protein in AMI patients with anterior descending 
artery lesion (73.84±37.11) were markedly lower than those 
in patients with non-anterior descending artery lesion 
(123.30±78.46) (P=0.041, Table S1).

Clinical data analysis

There were no significant differences in the general 
characteristics, such as age, gender, body mass index (BMI), 
smoking, and drinking, between AMI patients (N=30), 
SAP patients (N=30), and healthy controls (N=30). A 
comparison of clinical indicators, including blood glucose, 
glycosylated hemoglobin (HbA1c), triglyceride (TG), 
total serum cholesterol (TC), high-density lipoprotein 
(HDL), low-density lipoprotein (LDL), creatinine (cRE), 
white blood cells (WBC), platelet, C-reactive protein 
(CRP), hemoglobin, alanine aminotransferase (ALT), AST, 
troponin I (TNI), CK, CK-MB, lactate dehydrogenase 
(LDH), systolic blood pressure (SBP), diastolic blood 
pressure (DBP), and heart rate was performed in each 
experimental group. The results showed that the values 
of glucose (P<0.0001), HbA1c (P=0.003), cRE (P=0.002), 
WBC (P<0.0001), CRP (P<0.0001), ALT (P<0.0001), 
AST (P<0.0001), TNI (P<0.0001), CK (P<0.0001), CK-
MB (P<0.0001), and LDH (P<0.0001) in AMI patients 
were significantly higher than those in the healthy 
controls. Moreover, the values of glucose (P<0.0001), 
WBC (P<0.0001), CRP (P=0.032), ALT (P<0.0001), AST 
(P<0.0001), TNI (P<0.0001), CK (P<0.0001), CK-MB 
(P<0.0001), and LDH (P<0.0001) were notably higher in 
AMI patients than those in SAP patients. In addition, the 
value of TG in AMI patients was substantially higher than 
in SAP patients (P=0.018) (Table 3).

Spearman correlation analysis showed that in AMI patients, 

https://cdn.amegroups.cn/static/public/ATM-20-7891-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-7891-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-7891-supplementary.pdf
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Table 1 Up-regulated proteins in AMI patients compared with SAP patients and healthy controls

Protein ID Protein name Main function by GO analysis

iTRAQ ratio

AMI cases/
controls

AMI cases/ 
SAP cases

P01591 Immunoglobulin J chain Antigen binding; immune response 2.51 2.89

P01624 Ig kappa chain V-III region POM Fc-gamma receptor signaling pathway involved in 
phagocytosis

1.65 2.20

P01717 Ig lambda chain V-IV region Hil Complement activation 1.64 2.10

P01767 Ig heavy chain V-III region BUT Receptor-mediated endocytosis 2.00 2.30

P01833 Polymeric immunoglobulin receptor Polymeric immunoglobulin receptor activity 1.73 2.22

P01834 Ig kappa chain C region Antigen binding 1.82 2.32

P01876 Ig alpha-1 chain C region Antibacterial humoral response; receptor-mediated 
endocytosis

2.02 2.96

P01877 Ig alpha-2 chain C region Receptor-mediated endocytosis 2.36 2.49

P01880 Ig delta chain C region Immune response 3.22 1.65

P02671 Fibrinogen alpha chain Induction of bacterial agglutination; positive 
regulation of vasoconstriction

3.03 2.23

P04075 Fructose-bisphosphate aldolase A ATP biosynthetic process; small molecule metabolic 
process

2.01 1.77

P04211 Ig lambda chain V region 4A Receptor-mediated endocytosis 2.01 1.71

P04433 Ig kappa chain V-III region VG Complement activation 2.23 1.91

P05413 Fatty acid-binding protein Fatty acid metabolic process 2.18 2.47

P06314 Ig kappa chain V-IV region B17 Complement activation; Fc-epsilon receptor 
signaling pathway

1.61 1.77

P06702 Protein S100-A9 Chemokine production; defense response to 
bacterium/fungus

2.53 2.50

P06732 Creatine kinase M-type Cellular nitrogen compound metabolic process 23.92 22.11

P07195 L-lactate dehydrogenase B chain Cellular carbohydrate metabolic process; NAD 
metabolic process

1.82 2.85

P08294 Extracellular superoxide dismutase 
[Cu-Zn]

Response to hypoxia; response to reactive oxygen 
species

2.43 1.78

P0CG05 Ig lambda-2 chain C regions Complement activation; innate immune response 2.74 2.54

P14618 Pyruvate kinase PKM MHC class II protein complex binding; pathogenesis 1.90 2.08

P15259 Phosphoglycerate mutase 2 Gluconeogenesis; glucose metabolic process 4.12 3.59

P17174 Aspartate aminotransferase Glutamate catabolic process to 2-oxoglutarate; 
oxaloacetate metabolic process

4.42 4.36

P18136 Ig kappa chain V-III region HIC Complement activation; receptor-mediated 
endocytosis

1.63 1.76

P40925 Malate dehydrogenase NAD binding; regulation of mitochondrion 
degradation

11.88 3.87

P60174 Triosephosphate isomerase Glucose metabolic process 1.71 1.67

P62805 Histone H4 Negative regulation of gene expression 2.62 1.77

Q96JQ0 Protocadherin-16 Hippo signaling; neurogenesis 4.36 1.73

Q9UPU3 VPS10 domain-containing receptor 
SorCS3

Neuropeptide receptor activity 39.57 3.08

AMI, acute myocardial infarction; SAP, stable angina pectoris; GO, Gene Ontology.
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Table 2 Down-regulated proteins in AMI patients compared with SAP patients and healthy controls

Protein ID Protein name Main function by GO analysis

iTRAQ ratio

AMI cases/
controls

AMI cases/ 
SAP cases

P02751 Fibronectin Acute-phase response; leukocyte migration; 
response to wounding

0.23 0.17 

P02656 Apolipoprotein C-III Cholesterol metabolic process 0.27 0.21 

P04003 C4b-binding protein alpha chain Complement activation; innate immune response 0.49 0.26 

P06727 Apolipoprotein A-IV Cholesterol metabolic process 0.47 0.25 

P19961 Alpha-amylase 2B Carbohydrate metabolic process 0.16 0.27 

P35527 Keratin Skin development; spermatogenesis 0.49 0.02 

P62328 Thymosin beta-4 Blood coagulation 0.46 0.43 

P67936 Tropomyosin alpha-4 chain Muscle contraction; osteoblast differentiation 0.27 0.11 

Q12923 Tyrosine-protein phosphatase  
non-receptor type 13

Protein dephosphorylation 0.44 0.18 

Q71U36 Tubulin alpha-1A chain Cellular protein metabolic process 0.33 0.31 

AMI, acute myocardial infarction; SAP, stable angina pectoris; GO, Gene Ontology.

the level of APOE protein was positively correlated with 
HbA1c (r=0.397, P=0.040); the level of AATC protein was 
negatively correlated with HDL (r=−0.402, P=0.038); and the 
level of FINC protein was positively correlated with WBC 
and BMI (r=0.379, P=0.039; r=0.406, P=0.026) (Table 4).

ROC analysis and decision tree establishment

APOE and AATC proteins were combined to discriminate 
between AMI patients and healthy controls, with an AUC 
value of 0.935, a sensitivity of 96.20%, and a specificity of 
90.00%. The logistic regression equation was as follows: 
Logit (p) =−2.945+0.026*(APOE)+0.0006*(AATC). Also, 
AATC and FINC proteins were combined to discriminate 
between AMI and SAP patients, with an AUC value of 
0.908, a sensitivity of 85.20%, and a specificity of 79.30%. 
The logistic regression equation was as follows: Logit  
(p) =0.177−0.001*(AATC)+0.030*(FINC).

Logistic regression analysis results showed that when 
AATC was combined with LDH and CK to establish a 
diagnostic model to discriminate between AMI patients 
and healthy controls, the AUC value was 0.993, and 
the sensitivity and specificity values were 96.20% and 
96.30%, respectively. The logistic regression equation 
was as follows: Logit (p) =1.548+0.0004*(AATC)−0.049*
(LDH)+0.026*(CK). The results also showed that when 

AATC and CK were combined to establish a diagnostic 
model to discriminate between AMI patients and SAP 
patients, the AUC value was 0.975, and the sensitivity and 
specificity values were 85.20% and 79.30%, respectively. 
The logistic regression equation was as follows: Logit (p) 
=−3.322+0.0009*(AATC)+0.0041*(CK). The ROC curve is 
shown in Figure 4.

Discussion

AMI is a cardiovascular disease with high morbidity and 
mortality, which could pose a significant threat to patients’ 
health with impaired function of the heart (22-24). 
Therefore, early and accurate diagnosis of AMI is critical. 
In this study, several differentially expressed serum proteins 
were identified in patients with AMI by applying iTRAQ-
2DLC-MS/MS and ELISA. Patients’ clinical data were 
also analyzed, and differentially expressed proteins were 
combined with clinical indicators to construct diagnostic 
models for AMI.

Several novel AMI protein biomarker candidates have 
been screened in plasma (12). However, clinically, diagnostic 
biomarkers for detecting AMI are usually tested in the 
serum, the separated supernatant after blood coagulation, 
while plasma is the separated supernatant after blood 
anticoagulation anticoagulant. Coagulation factors (such as 
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Table 3 Clinical data analysis of AMI patients compared with SAP patients and healthy controls

Variables
Healthy controls 

(n=30)
AMI patients  

(n=30)
SAP patients 

(n=30)

P value

AMI patients vs. 
healthy controls

AMI patients vs. 
SAP patients

SAP patients vs. 
healthy controls

Age (mean ± SD) 63.00±7.66 64.70±12.03 65.63±10.36 0.506 0.717 0.157a

Gender (female/male) 9/21 6/24 8/22 0.488 0.630 0.8305b

BMI 24.70±3.75 24.75±1.98 25.10±3.01 0.751 0.882 0.545a

Smoking, number (%) 9 (30.00) 22 (73.33) 18 (60.00) 0.055 0.624 0.1481b

Drinking, number (%) 6 (20.00) 15 (50.00) 15 (50.00) 0.089 1.000 0.089b

Glucose 5.27±0.67 6.50±1.42 5.33±0.53 <0.0001*** <0.0001*** 0.545a

HbA1c 5.52±0.31 5.91±0.64 5.68±0.45 0.003** 0.079 0.204a

TG 1.61±0.87 1.27±0.70 1.67±0.90 0.099 0.018* 0.614a

TC 4.54±0.83 4.67±0.90 4.41±1.02 0.897 0.408 0.735a

HDL 1.18±0.25 1.36±1.18 1.18±0.24 0.740 0.865 0.954a

LDL 2.74±0.68 2.86±0.75 2.48±0.86 0.323 0.128 0.471a

cRE 63.42±13.45 77.74±20.68 71.69±14.70 0.002** 0.186 0.053a

WBC 5.25±1.27 9.88±3.23 6.40±2.09 <0.0001*** <0.0001*** 0.007**a

Platelet 183.94±47.14 196.27±78.67 189.60±66.10 0.755 0.848 0.812a

CRP 1.12±2.15 7.42±9.78 5.02±7.61 <0.0001*** 0.032* <0.0001***a

Hemoglobin 137.74±17.98 139.90±38.59 136.00±13.43 0.702 0.877 0.801a

ALT 24.32±17.95 43.48±20.01 30.22±28.41 <0.0001*** <0.0001*** 0.151a

AST 24.05±8.26 207.33±176.54 90.50±319.68 <0.0001*** <0.0001*** 0.334a

TNI 0.01±0.01 22.66±23.21 0.05±0.1 <0.0001*** <0.0001*** <0.0001***a

CK 91.52±61.19 1,711.66±1,569.89 122.33±241.26 <0.0001*** <0.0001*** 0.644a

CK-MB 11.31±8.43 187.40±189.77 10.49±5.38 <0.0001*** <0.0001*** 0.965a

LDH 172.52±39.22 540.40±403.60 190.10±90.57 <0.0001*** <0.0001*** 0.840a

SBP 130.65±12.21 125.70±18.78 135.10±14.79 0.155 0.030* 0.220a

DBP 80.58±12.79 75.77±12.53 77.90±11.28 0.195 0.395 0.470a

Heart rate 73.16±13.11 74.77±15.73 70.50±10.84 0.390 0.115 0.105a

a, the P value was analyzed using the Mann-Whitney U test; b, the P value was analyzed using chi-squared test. *, P<0.05; **, P<0.01; 
***, P<0.001. AMI, acute myocardial infarction; SAP, stable angina pectoris; BMI, body mass index; HbA1c, glycosylated hemoglobin; 
TG, triglyceride; TC, total serum cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; cRE, creatinine; WBC, white 
blood cells; CRP, C-reactive protein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; SBP, systolic blood pressure; DBP, 
diastolic blood pressure.

coagulation factors I, II, V, etc.) lack the serum. Thrombosis 
occurs during the formation and development of AMI. 
For example, a thrombus could form based on coronary 
atherosclerosis and could also form as a result of AMI due 
to persistent coronary artery spasm. When screening the 

diagnostic biomarkers for AMI, it is important to exclude 
the influence of coagulation factors and reflect myocardial 
damage to the greatest extent. Therefore, it is better to use 
a serum to screen candidate protein biomarkers (25,26).

The clinical analysis demonstrated that the levels of 
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Table 4 Correlation analysis of differentially expressed proteins and clinical data

APOE AATC FINC HbA1c Age HDL LDL WBC BMI

APOE rs 1.000 0.012 −0.140 0.397 −0.076 −0.295 0.129 −0.023 −0.021

Pa 0.953 0.486 0.040* 0.707 0.135 0.523 0.908 0.916

AATC rs 1.000 0.059 0.159 −0.448 −0.402 −0.064 0.023 −0.009

Pa 0.771 0.428 0.019 0.038* 0.750 0.910 0.965

FINC rs 1.000 −0.047 −0.131 −0.032 0.029 0.379 0.406

Pa 0.805 0.491 0.866 0.879 0.039* 0.026*

HbA1c rs 1.000 −0.336 −0.142 0.050 0.239 −0.048

Pa 0.069 0.454 0.794 0.203 0.800

Age rs 1.000 0.265 0.039 −0.049 −0.104

Pa 0.157 0.838 0.796 0.584

HDL rs 1.000 −0.133 0.081 −0.111

Pa 0.485 0.672 0.560

LDL rs 1.000 0.090 0.218

Pa 0.637 0.247

WBC rs 1.000 0.408*

Pa 0.025

BMI rs 1.000

Pa

*, correlation is significant at the 0.05 level (two-tailed). APOE, apolipoprotein E; AATC, aspartate aminotransferase; FINC, fibronectin; 
HbA1c, glycosylated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; WBC, white blood cells; BMI, body mass 
index.
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glucose, WBC, CRP, ALT, AST, TNI, CK, CK-MB, 
and LDH in AMI patients were significantly higher than 
those in healthy controls and SAP patients. It has been 
reported that glucose metabolism in AMI patients can 
induce hyperglycemia (27). The increased blood glucose 
concentration in AMI patients is associated with the risk 
of left ventricular failure and death (27,28). Myocardial 
infarction is an ischemic wound that can recruit many WBC 
from the blood circulation (29). The elevated WBC levels 
can be used to predict the progression of AMI (30,31). 
Therefore, increased blood glucose and WBC levels may 
be associated with an increased risk of AMI. The increased 
CRP protein level is associated with the activation of the 
complement system and endothelial dysfunction in AMI (32). 
Studies have shown that ALT and AST levels can be elevated 
in AMI patients with ST-segment elevation (33). ALT and 
AST are biomarkers of hepatocyte injury, which is caused by 
a sharp decrease in blood pump induced by pump failure or 
recessive arrhythmia (34). TNI, CK, CK-MB, and LDH are 
increased in AMI. However, TNI and CK levels can reach a 
peak after 6–24 h of cardiac injury (35). CK-MB can increase 
4–6 h after AMI and reach a peak within 24 h (1). LDH is a 
glycolysis metabolic enzyme, and the levels of LDH could 
elevate in myocardial infarction patients (36). The proteins 
mentioned above have been demonstrated to serve as single 
protein biomarkers in the diagnosis of AMI. However, a 
single biomarker’s sensitivity and specificity in diagnosing 
the disease can be limited, and the combination of multiple 
biomarkers is often more accurate (37,38).

In this study, the differentially expressed proteins in 
AMI patients, such as KCRM, AATC, and FINC, were 
mainly concentrated in the function of metabolic processes, 
catalytic activities, and enzyme regulatory activities. 
This indicates that the serum levels of proteins involved 
in the function of metabolism, catalysis, and enzyme-
modulating activity may change within 12 h from the onset 
of AMI. Also, pathway enrichment analysis showed that 
differentially expressed proteins in AMI patients were mainly 
concentrated in metabolic pathways, including glycolysis/
gluconeogenesis metabolism and pyruvate metabolism. 
This indicates that the serum levels of proteins linked to 
metabolic pathways may change within 12 h from the onset 
of AMI. The results of iTRAQ 2D LC-MS/MS analysis 
showed that the levels of CK-MB protein in AMI patients 
were significantly higher than those in healthy controls and 
SAP patients, which is consistent with the results of CK-
MB in AMI. We also found that the serum levels of MDHC 
in AMI patients were markedly higher than those in healthy 

controls and SAP patients. Gopcevic et al. (39) found that 
serum dehydrogenase activity could increase significantly 
in AMI patients than in healthy controls. These findings 
were consistent with the results of the present study. Also, 
the levels of APOE in AMI patients were notably higher 
than those in healthy controls, the levels of AATC in AMI 
patients were considerably higher than those in healthy 
controls and SAP patients, and the levels of FINC in AMI 
patients were significantly lower than those in SAP patients.

APOE, also known as apolipoprotein E, is the main 
ligand for the clearance of LDL receptors and chylomicron 
residues, affecting the occurrence of CAD (40,41). APOE 
gene polymorphism is closely related to the susceptibility 
and prognosis of CAD (42,43). Baum et al. (44) found 
that APOE gene polymorphism was associated with 
myocardial infarction and ischemic stroke risk. Johansson 
et al. (45) reported that the elevated serum level of APOE 
is an independent correlative factor for the occurrence of 
infarction among females. Zhou et al. (46) found that APOE 
deficiency in mice impaired infarct healing after myocardial 
infarction and pointed out that APOE protein could limit 
myocardial injury after myocardial infarction by regulating 
the formation of neutrophil extracellular traps. APOE 
protein is also thought to have a role in atherogenesis (47). 
In this study, the serum levels of APOE were markedly 
elevated in AMI patients; however, they were significantly 
lower in AMI patients with anterior descending branch 
lesions than in other AMI patients. This indicates that the 
serum content of APOE in AMI patients was abnormal, and 
the level of APOE may be associated with vascular lesions 
in the anterior descending branch. The increased APOE 
protein level may relate to the formation of infarction and 
the existence of atherogenesis in the patients. It has also 
been demonstrated that the level of APOE is positively 
correlated with the level of HbA1c in AMI patients, and 
the HbA1c levels were also notably higher in AMI patients 
than the healthy controls. The concentration of HbA1c is 
an important predictor of cardiac adverse reactions in non-
diabetic AMI patients (48). All AMI patients included in this 
study were non-diabetic; although, the relationship between 
the concentration of APOE and the prognosis of the disease 
requires further study.

The activity of AATC, also known as aspartate 
aminotransferase, rises during myocardial injury and 
necrosis, and the serum level of AATC is one of the 
protein biomarkers for assessing myocardial damage (49). 
It has been reported that the increased content of AATC 
is positively correlated with the risk of early-onset and 
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severity of CAD (50). It has also been demonstrated that 
the increased level of AATC is related to ST-segment 
elevation and vessel diameter stenosis in AMI patients (51). 
In this study, the serum levels of AATC in AMI patients 
were significantly higher than those in the healthy controls 
and SAP patients. There was no notable difference in the 
serum levels of AATC between SAP patients and healthy 
controls. The results indicated severe myocardial injury 
in AMI patients within 12 h after onset of AMI, while no 
such changes were observed in SAP patients. In this study, 
the results of AST were consistent with the results of 
AATC, which further confirms the experiment’s reliability. 
Also, there was a negative correlation between AATC and 
HDL in this experiment. HDL plays a role in cholesterol 
transporting and scavenging and has protective effects on 
blood vessels (52), which has predictive and protective 
effects in AMI patients (53). However, the results showed 
no significant difference in the HDL levels in AMI patients 
compared with those in the healthy controls and SAP 
patients, indicating that the protective effect of HDL in 
AMI patients may not be significant within 12 h after onset 
of the disease.

FINC, also known as fibronectin, is a high molecular 
weight glycoprotein found in body fluids and extracellular 
matrices and is mainly produced by endothelial cells. 
FINC is involved in many biological processes such as cell 
growth, hemostasis, adhesion, migration, and wound repair 
between the cell and its interstitial collagen network (54,55). 
It has been reported that the plasma level of FINC could 
increase considerably in CAD patients, and thus, FINC 
may serve as a biomarker for predicting CAD (55,56). The 
increased FINC level in CAD patients may be related to the 
disease’s lipid composition (56). In this study, the levels of 
FINC in SAP patients were markedly higher than those in 
healthy controls and AMI patients. However, there was no 
significant difference in the levels of FINC between AMI 
patients and healthy controls. Serebruany et al. (57) found 
that the plasma level of FINC increased significantly in a 
pig model of AMI. These results differed from our findings, 
which may be due to the differences between species. A 
significant positive correlation was also found between 
FINC and the value of WBC and BMI in AMI patients 
in this study. The abnormal WBC levels in AMI patients 
may be associated with the risk of acute complications in 
patients (30,31). Meanwhile, the abnormal elevation of BMI 
value in AMI patients may be associated with an acute risk 
of cardiovascular disease (58). However, in this study, no 

significant change was observed in the BMI value, which 
may be due to the short onset time.

The differentially expressed proteins (APOE, AATC, 
and FINC) were combined with clinical indicators 
by logistic regression analysis to establish diagnostic 
models. When AATC was combined with LDH and CK, 
the model could be used to discriminate between AMI 
patients and healthy controls, with an AUC value of 0.993 
and a sensitivity and specificity of 96.2% and 96.3%, 
respectively. When AATC and CK were combined, 
the model could be used to discriminate between AMI 
patients and SAP patients, with an AUC value of 0.975 
and a sensitivity and specificity of 85.2% and 79.30%, 
respectively. All patients included in this study were 
within 12 h from onset (59), and further research will be 
performed using animal models to explore the relationship 
between candidate proteins and disease time.

Conclusions

This study identified three differentially expressed proteins 
(APOE, AATC, and FINC) identified by iTRAQ-2D LC-
MS/MS and ELISA. Protein models were constructed, and 
logistic regression equations were obtained by combining 
the clinical indicators. We found that the combination of 
AATC, LDH, and CK could discriminate between AMI 
patients and healthy controls, and the combination of 
AATC and CK could discriminate between AMI patients 
and SAP patients with a better diagnostic value. Therefore, 
our findings provide an experimental basis for the 
construction of early diagnostic models for AMI and can be 
of great significance for early diagnosis in AMI patients.
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Figure S1 The functional interaction between proteins with STRING analysis.
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Table S1 Serum concentrations of proteins based on the clinical characteristics of AMI patients

APOE (μg/mL) P value AATC (mU/ML) P value FINC (ng/mL) P value

Gender 0.786 0.524 0.104

Male (n=24) 83.29±50.24 8321.17±10553.34 46.12±32.82

Female (n=6) 71.84±29.87 26891.00±33451.78 25.14±18.56

Age 0.519 1.000 0.047*

<65 (n=14) 92.31±61.78 11107.71±18188.32 28.55±24.66

≥65 (n=16) 70.83±25.10 12281.88±18070.62 53.63±32.67

ST-segment elevation 0.832 0.059 0.251

STEMI (n=25) 83.69±51.04 13527.49±18738.27 44.09±33.19

NSTEMI (n=5) 70.27±20.27 1597.09±1837.46 31.08±19.08

Vascular lesions 0.041* 0.799 0.702

Anterior descending vascular lesion (n=26) 73.84±37.11 12310.65±18689.15 41.59±31.90

Non-anterior descending vascular lesion (n=4) 123.30±78.46 7355.06±7771.52 44.11±32.36

Smoking 0.887 0.607 0.277

No smoking (n=8) 76.87±32.56 23788.91±29569.05 30.44±25.70

Smoking (n=22) 82.40±50.82 7549.92±9195.22 46.10±32.76

Drinking 0.616 0.793 0.233

No drinking (n=15) 69.85±21.67 16077.16±22992.56 35.64±27.72

Drinking (n=15) 91.69±60.92 7110.80±8192.18 48.22±34.50

The P value of two groups was analyzed with Mann-Whitney U test. *, P<0.05. 
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