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Introduction

Despite the development of surgical techniques, the 5-year 
overall survival (OS) of patients with esophageal squamous 

cell carcinoma (ESCC) has remained dismal (1-2). The poor 

prognosis is generally related to locoregional recurrence (3). 

To date, several studies have shown that surgery combined 
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with adjuvant or neoadjuvant chemoradiotherapy has 
significantly improved prognosis (4-7). However, these 
multidisciplinary treatment modalities can cause serious 
side effects and benefit only a limited number of patients 
in terms of local control and OS. In addition, the adjuvant 
treatment would be unnecessary for patients who could be 
cured by surgery alone. Thus, accurate risk stratification is 
essential to avoid potential morbidity due to overtreatment 
or to prevent further development of disease. Nevertheless, 
until now, efforts to identify appropriate prognostic factors 
for high risk population screening in ESCC have proven to 
be primarily unsuccessful (8,9).

Proteomics, concerning comprehensive protein profile 
changes caused by multigene alterations, is currently 
considered the most powerful tool for thorough assessment 
of protein expression and screening of novel cancer-specific 
biomarkers (10,11). Tissue based proteomics analyses 
directly relate protein biomarkers to disease and have been 
applied in the study of various tumors (12,13). Several 
previous studies have explored the differences in protein 
expression between esophageal squamous cell carcinoma 
and paracancerous tissues through proteomics (14). Zhang 
et al. (15) have analyzed ESCC tissues and adjacent normal 
tissues by two-dimensional electrophoresis and matrix-
assisted laser desorption/ionization-time-of-flight mass 
spectrometry (MALDI-TOF MS) analysis. The results 
displayed that a total of 104 protein spots with different 
expression levels were found on 2DE, and 47 proteins were 
eventually identified. Among these identified proteins, 33 
proteins were over-expressed and 14 proteins were down-
expressed in ESCC. 

Recently, Isobaric tags for relative and absolute 
quantification (iTRAQ) method used as a multiplexed 
quantitative proteomic labeling strategy has been widely 
applied to global analysis in diverse cancers. iTRAQ 
method is a highly sensitive proteomic platform with high 
proteome coverage and labeling efficiency, and has no 
side effects on the biochemical properties of the labeled 
proteins or peptides (16). In this study, we performed a 
tissue-based quantitative proteomic analysis to search 
differential expression proteins (DEPs) involved in 
locoregional recurrence in ESCC after curative resection 
using iTRAQ method coupled with strong cation exchange 
(SCX)-reversed phase liquid chromatography-tandem mass 
spectrometry (RPLC-MS/MS).  The aim of this study 
was to screen DEPs relating to locoregional recurrence. 
Therefore, we mainly compared protein expression profiles 
between ESCC with locoregional recurrence and ESCC 

without locoregional recurrence after radical surgery. We 
presented the following article in accordance with the 
REAMRK reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-278).

Methods

Sample collection

All fresh tissues were obtained from ESCC patients who 
underwent radical surgery at Fudan University Cancer 
Center from October 2007 to September 2009. The main 
inclusion criteria for these patients were as follows: (I) 
confirmed ESCC by histopathology, (II) classified according 
to the sixth edition of tumor, nodes, metastasis-Union for 
International Cancer Control/American Joint Committee 
on Cancer (TNM-UICC/AJCC) staging system, (III) 
only 1 primary tumor, (IV) not receiving neoadjuvant 
chemotherapy and/or radiotherapy, (V) underwent complete 
3-field lymphadenectomy (3FLND) with ≥15 total lymph 
nodes removed; and (VI) confirmed R0 resection by 
histopathology. As the purpose of this study was to screen 
DEPs relating to locoregional recurrence, patients who had 
accepted adjuvant radiotherapy and/or chemoradiotherapy 
were excluded to eliminate the effects of local treatment on 
locoregional control. All procedures performed in this study 
involving human participants were in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the appropriate institutional review board of 
Fudan University Cancer Center and informed consent was 
taken from all the patients.

All participants were followed up for at least 3 years after 
surgery. Participants who survived for more than 3 years 
without evidence of disease recurrence were classified in the 
good prognosis group (n=7); those who relapsed in the local 
primary tumor site and/or regional lymph nodes within 
2 years after surgery were categorized as the locoregional 
recurrence group (n=8); the proteomic profiles of the  
2 groups were compared. Samples of ESCC tissues from 
the 2 groups were obtained during operation, snap frozen at 
−80 ℃ and stored until use.

Protein extraction

The tissue samples (50 mg for each sample) from the same 
group were mixed together for proteomic analysis. Fresh 
frozen ESCC tissue samples were cut into small pieces, 
ground in liquid nitrogen, and dissolved in lysis buffer at 
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the ratio of 1 mg of tissue per 5 μL of lysis buffer [7 M urea, 
2 M sulfocarbamide, 0.1 mmol/L phenylmethylsulfonyl 
fluoride, 65 mM dithiothreitol (DTT)]. The protein 
mixtures were swirled vigorously for 30 min with frequent 
breaks of ice-incubation, followed by centrifuging at 
14,000 rpm for 30 min at 4 ℃. The supernatants were 
stored in aliquots at −80 ℃. The protein concentrations 
were measured using a Bradford Protein Assay (Bio-Rad 
Laboratories, Inc., Hercules, CA, USA) (17).

Protein digestion and iTRAQ reagent labeling

The iTRAQ labeling was performed according to the kit 
protocol (Applied Biosystems, Forster City, CA, USA). 
A total of 100 μg proteins of each group was added with  
4 times the volume of cold (−20 ℃) acetone, and the 
mixture was precipitated at −20 ℃ for 1 hour. Then, the 
mixture was centrifuged at 12,000 rpm at 4 ℃ for 15 min 
and the supernatant was removed. The protein pellets 
were then dissolved in the buffer solution (20 μL) and 1% 
sodium dodecyl sulfate (SDS) (1 μL), reduced in 2 μL of 
reducing reagent for 1 hour at 60 ℃, and blocked with 
cysteines in 1 μL of cysteine blocking reagent for 10 min. 
Each sample was digested with sequencing-grade modified 
trypsin (Sigma, St. Louis, MO, USA) with a protein-to-
enzyme ratio of 20:1 at 37 ℃ overnight, then labeled with 
iTRAQ reagents for 1 hour at room temperature. Proteins 
were labeled with iTRAQ tags as follows: good prognosis 
group 114 isobaric tag, and locoregional recurrence group 
115 isobaric tag. Then, the iTRAQ-labeled samples were 
mixed, desalted with Sep-Pak Vac C18 cartridges (Waters, 
Milford, MA, USA) and dried in a vacuum concentrator.

SCX-RPLC-MS/MS analysis

The iTRAQ labeling mixed peptides were separated by 
SCX chromatography using a Polysulfoethyl column 
(2.1×100 mm, 5 μm, 200Å, The Nest Group, Southborough, 
MA, USA) with high performance liquid chromatography 
(HPLC)-20AD system (Shimadzu, Kyoto, Japan). The 
peptide mixture was added to Buffer A (10 mM KH2PO4 
in 25% acetonitrile, pH =2.8), and loaded onto the 
Polysulfoethyl column. Then, the peptides were separated 
at a flow rate of 200 mL/min for 60 min with a gradient 
of 0–80% Buffer B (Buffer A containing 350 mM KCl, 
pH =2.6). Next, a total of 20 SCX fractions were collected 
per iTRAQ set and the absorbance at 214 and 280 nm was 
monitored. Eventually, the fractions were concentrated by 

vacuum centrifugation and dissolved in 50 μL reversed-
phase Buffer C (5% ACN, 0.1% formic acid), loaded across 
the ZORBAX 300SB-C18 reversed-phase column (Sigma, 
5 μm, 300Å, 0.1×150 mm) and analyzed on QSTAR XL 
system (Applied Biosystems) interfaced with HPLC-20AD 
system. The flow rate of elution was 300 nL/min with 
gradient 5–35% Buffer D (95% ACN, 0.1% formic acid) 
for 90 min. Survey scans were acquired from 400–1,800 m/z  
for MS with up to 4 precursors selected for MS/MS from 
100–2,000 m/z. The flow chart of the experiment is shown 
in Figure 1.

Protein identification and relative quantification

The mass spectra were extracted by ProteinPilot software 
(version 3.0, Revision 114732, Applied Biosystems) and 
retrieved from the International Protein Index (IPI) 
database (version 3.45, Human). Using trypsin as enzyme 
and methyl methanethiosulfonate of cysteines residues as 
fixed modification, Paragon algorithm (Applied Biosystems) 
and Pro Group algorithm (Applied Biosystems) were 
applied to determine the final identified proteins. Other 
parameters such as fragment ion mass accuracy, parent ion 
accuracy, tryptic cleavage specificity, and allowance for 
number of missed cleavages were provided and processed by 
ProteinPilot software. Unused ProtScore >1.3 as threshold 
with at least 1 peptide with 95% confidence was considered 
as protein identification. Fold changes of >1.5 or <0.66 
between 2 groups were set as the cut-off ratio to designate 
DEPs. The false discovery rate (FDR) for protein detection 
was calculated as FDR = (2 × reverse)/(forward + reverse).

Bioinformatics analyses of DEPs

Identified proteins were mapped to their corresponding 
UniProt accession numbers using the UniProt web-
based portal (www.uniprot.org/mapping). The subcellular 
location, biological process, and molecular function of the 
identified proteins were elucidated by the Gene Ontology 
(GO) analysis using the software of Molecule Annotation 
System database (MAS 3.0, http://bioinfo.capitalbio.com/
mas3/). ingenuity pathway analysis software (IPA) was used 
to obtain further insight into potential cellular pathways.

Survival analyses

We used the Kaplan-Meier (KM) Plotter Online Tool 
(http://www.kmplot.com) to evaluate the relationship 
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between the differential expression of proteins and survival 
in patients with ESCC (18). This is a public database 
containing information from 81 cases of ESCC, allowing 
the investigation of the relationship between the genes and 
OS and recurrence-free survival (RFS).

Statistical analysis

The software SPSS version 13.0 (SPSS Inc., Chicago, 
IL, USA) was used for statistical analysis. Descriptive 
statistics [mean ± standard deviation (SD) for continuous 
variables and proportion for categorical variables] were 
used to summarize demographic clinical and pathological 
characteristics. Numerical variables were compared with 
unpaired t-test. The nonparametric data of 2 groups were 
compared using Mann-Whitney U test. A P value <0.05 
was considered statistically significant based on a 2-sided 
significance level.

Results

Clinicopathological features of the fifteen ESCC cases 
examined

The overall clinicopathological features of 2 groups 
are summarized in Table 1. There were no significant 
differences in age, gender, histological differentiation, 
tumor location, tumor size, depth of invasion, lymph node 
status, and vascular invasion between the 2 groups.

Quantitative analysis of LC-MS/MS analysis

According to the parameter described above, a total of 
10,717 distinct peptides corresponding to 449 unique 
proteins were identified. Global FDR (unused Protscore 
threshold 1.3) of the combined data was 0.6% (Table 2).  
A total of 82 DEPs were found in the locoregional 

Good prognosis group

Good prognosis group 
Label 114

Locoregional recurrence group
Label 115

Locoregional recurrence group

Tumor samples collection 

Total protein extraction

TCA/acetone precipitance

Reducing, cysteine block, digestion with trypsin and iTRAQ labeling

Sample combination

SCX-RP-HPLC/MS/MS

Data analysis and bioinformatics

Figure 1 The work flow sheet. iTRAQ, Isobaric tags for relative and absolute quantification; SCX, strong cation exchange; RPLC-MS/MS: 
reversed phase liquid chromatography-tandem mass spectrometry.
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recurrence group as compared with the good prognosis 
group based on the iTRAQ ratios of peptides identified 
for these proteins. Among the 82 DEPs, 27 were up-
regulated >1.5-fold and 55 proteins down-regulated 
<0.66-fold (Table 3).

GO annotation and protein classification

We uploaded all 82 DEPs to the online software MAS to 
identify GO categories based on subcellular localization, 
biological process, and molecular function. In the analysis 

Table 1 Clinicopathological features of the 15 ESCC cases examined

Variable All cases Good prognosis group Locoregional recurrence group P value

Age (mean ± SD) (yr) 60.6±7.87 62±6.22 59.4±9.33 0.539

Gender 0.152

Male 10 3 7

Female 5 4 1

Tumor differentiation 0.779

Well 2 0 2

Moderate 10 6 4

Poor 3 1 2

Tumor location 1.00

Upper 1 1 0

Middle 13 5 8

Lower 3 1 0

Tumor length (cm) 0.694

≤3 7 4 3

3–5 4 1 3

>5 4 2 2

Pathologic T stage 0.336

T2 6 4 2

T3 6 2 4

T4 3 1 2

Pathologic N stage 0.867

N0 8 4 4

N1 7 3 4

Vascular invasion 0.281

Negative 8 5 3

Positive 7 2 5

Adjuvant therapy

None 7 3 4

Chemotherapy 8 4 4

ESCC, esophageal squamous cell carcinoma; SD, standard deviation.
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Table 2 Summary statistics of proteomic results of IPI data

Unused [Conf] 
cutoff

Proteins detected Proteins before grouping Distinct peptides Spectra identified % Total spectra Global FDR

>2.0 [99] 296 476 8,876 16,217 21.1 0.22%

>1.3 [95]* 449 673 10,717 18,843 24.6 0.6%

>0.47 [66] 549 949 12,016 20,560 26.8 2.03%

*This row shows the unused Protscore threshold applied in this paper and the corresponding statistical result. FDR, false discovery rate; 
IPI, international protein index.

Table 3 DEPs identified by iTRAQ-based quantitative proteomics

Unused Total % Cov
Accession  

number
Gene symbol Identified proteins

Peptides  
(95%)

Fold

18.79 18.79 74.8 P68871 HBB Hemoglobin subunit beta 16 6.43

2 2 50.7 P47929 LGALS7 Galectin-7 1 3.91

36.37 36.37 79.8 P19013 KRT4 Keratin, type II cytoskeletal 4 19 3.8

2.46 2.46 45.8 Q05315 CLC Eosinophil lysophospholipase 1 2.83

6.7 6.7 69.7 P69905 HBA1 Hemoglobin subunit alpha 4 2.83

2.25 2.25 30.1 P00738 HP Haptoglobin 1 2.75

4.05 4.05 26.6 P20591 MX1 Interferon-induced GTP-binding protein 2 2.68

2.1 2.22 50.2 Q99623 PHB2 Prohibitin-2 2 2.17

1.7 1.7 46.7 Q8WXF1 PSPC1 Paraspeckle component 1 1 2.09

10.76 10.76 53.1 Q05682 CALD1 Caldesmon 5 1.91

3.07 3.17 48.4 P05783 KRT18 Keratin, type I cytoskeletal 18 1 1.89

2.39 2.39 16.8 Q14974 IMB1 Importin subunit beta-1 1 1.87

5.23 5.23 55.7 P10809 HSPD1 60 kDa heat shock protein, mitochondrial 1 1.82

3.53 9.33 68.7 P02042 HBD Hemoglobin subunit delta 9 1.75

2.24 2.24 34.7 P62826 RAN GTP-binding nuclear protein Ran 1 1.72

2 2 21.7 P01019 AGT Angiotensinogen 6 1.71

2.14 2.16 30 P27708 CAD CAD protein 1 1.67

8.19 8.22 51.1 P19338 NCL Nucleolin 4 1.66

15.79 15.79 58.2 P04075 ALDOA Fructose-bisphosphate aldolase A 11 1.64

15.62 15.63 65.5 P11142 HSPA8 Heat shock cognate 71 kDa protein 8 1.64

2 2 45.3 P43487 RANBP1 Ran-specific GTPase-activating protein 1 1.64

2 2 33.6 P36954 RPB9 DNA-directed RNA polymerase II subunit RPB 9 1 1.61

2.24 2.24 14.2 Q9UKK9 NUDT5 ADP-sugar pyrophosphatase 2 1.6

2 2 21.2 O95394 AGM1 Phosphoacetylglucosamine mutase 1 1.6

3.3 3.3 32.7 P23246 SFPQ Splicing factor, proline- and glutamine-rich 2 1.58

2.2 2.21 31.8 Q01518 CAP1 Adenylyl cyclase-associated protein 1 1 1.58

Table 3 (continued)
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Table 3 (continued)

Unused Total % Cov
Accession  

number
Gene symbol Identified proteins

Peptides  
(95%)

Fold

2 2 14 Q9BTV4 TMEM43 Transmembrane protein 43 1 1.56

1.54 1.54 28.2 P26641 EEF1G Eukaryotic translation elongation factor 1 gamma 1 1.53

23.89 25.99 76.6 P08670 VIM Vimentin 13 0.65

14.49 14.54 60.4 Q15149 PLEC1 Plectin-1 8 0.65

2.01 2.01 29.5 O95202 LETM1 LETM1 and EF-hand domain-containing protein 1, 
mitochondrial

1 0.65

1.7 1.7 43.4 P63220 RPS21 40S ribosomal protein S21 1 0.65

2.7 2.73 19.4 P43490 NAMPT Nicotinamide phosphoribosyltransferase 1 0.64

12.19 12.19 51.1 P14625 HSP90B1 Endoplasmin 5 0.64

2.41 2.41 32.2 O95833 CLIC3 Chloride intracellular channel protein 3 2 0.64

2 2.02 36.7 Q8IUD2 ERC1 ELKS/RAB6-interacting/CAST family member1 1 0.64

2 2.01 23.6 Q16851 UGP2 UTP--glucose-1-phosphate uridylyltransferase 1 0.64

2 2 23.3 Q9NZU5 LMCD1 LIM and cysteine-rich domains protein 1 1 0.64

5.48 5.49 49.2 P26038 MSN Moesin 1 0.63

2.5 2.52 36 O14745 NHERF Ezrin-radixin-moesin-binding phosphoprotein 50 1 0.63

2 2.01 22 Q13642 FHL1 Four and a half LIM domains protein 1 1 0.63

1.7 1.73 45.7 P10644 PRKAR1A cAMP-dependent protein kinase type I-alpha  
regulatory subunit

1 0.63

13.26 17.56 88.7 P17661 DES Desmin 7 0.62

39.83 39.83 95 P13646 KRT13 Keratin, type I cytoskeletal 13 20 0.61

12.29 12.31 42.9 Q13813 SPTAN1 Non-erythrocytic alpha-II-spectrin 1 0.6

4.14 16.61 69.1 P19012 KRT15 Keratin, type I cytoskeletal 15 6 0.6

2 2 38.1 Q9UNZ2 NSFL1C NSFL1 cofactor p47 1 0.59

4.06 4.06 53.8 Q6ZRV2 FAM83H Protein FAM83H 2 0.57

2 2 26.6 O95274 LYPD3 Ly6/PLAUR domain-containing protein 3 1 0.56

31.48 31.48 80.6 P68032 ACTC1 Actin, alpha cardiac muscle 1 23 0.56

3.51 3.51 50.5 P29508 SERPINB3 Serpin B3 2 0.55

3.04 3.04 60.2 Q96FQ6 S100A16 Protein S100-A16 2 0.55

2 2 36.3 Q9UBQ7 GRHPR Glyoxylate reductase/hydroxypyruvate reductase 1 0.54

2 2 9.6 Q9NR31 SAR1A GTP-binding protein SAR1a 1 0.54

2.81 21.95 74.5 P48668 KRT6C Keratin, type II cytoskeletal 6C 10 0.53

1.7 1.72 22.7 P55884 EIF3B Eukaryotic translation initiation factor 3 subunit B 1 0.52

2.04 2.04 21.1 Q9Y6W5 WASF2 Wiskott-Aldrich syndrome protein family member 2 1 0.52

1.65 1.65 21.9 P07477 PRSS1 Trypsin-1 2 0.52

2 2 17.8 P14209 CD99 CD99 antigen 2 0.51

Table 3 (continued)
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of biological process, most up-regulated DEPs mainly 
play roles in interspecies interaction between organisms, 
signal transduction, and oxygen transport. The down-
regulated DEPs were significantly enriched in epidermis 
development, cell motility, muscle development, and 
cell-cell signaling (Table 4). For molecular function, the 
up-regulated DEPs were enriched in protein binding, 
nucleotide binding, and metal ion binding, and the 
down-regulated DEPs were enriched in protein binding, 
structural constituent of cytoskeleton, and calcium ion 
binding (Table 4). In addition, GO cell component analysis 
displayed that the up-regulated DEPs were significantly 

enriched in cytoplasm, nucleus, cytosol, hemoglobin 
complex, and nuclear matrix. The down-regulated DEPs 
enriched in cytoplasm, plasma membrane, nucleus, 
cytoskeleton, and extracellular region (Table 4).

In Ingenuity software, 82 DEPs were further analyzed 
to identify biological functions, significant networks, and 
canonical pathways. The IPA analysis identified “cancer” 
as one of the main diseases associated with the DEPs by 
the biological functions. Moreover, multiple categories of 
biological functions, such as cell movement, cell assembly 
and tissue, cell function and maintenance, cell growth 
and proliferation, tissue development, cell death and 

Table 3 (continued)

Unused Total % Cov
Accession  

number
Gene symbol Identified proteins

Peptides  
(95%)

Fold

2.49 2.5 25.3 Q16787 LAMA3 Laminin subunit alpha-3 1 0.51

10.01 10.01 67.3 P02452 COL1A1 Collagen alpha-1(I) chain 5 0.51

9.46 9.46 57.8 Q9UBG3 CRNN Cornulin 5 0.5

1.4 1.4 43.5 P18859 ATP5J ATP synthase-coupling factor 6, mitochondrial 1 0.5

15.7 16.11 65.1 P07951 TPM2 Tropomyosin beta chain 8 0.5

4.59 4.59 45.2 Q06830 PRDX1 Peroxiredoxin-1 2 0.48

5.26 5.26 31.7 P51884 LUM Lumican 2 0.47

2.62 2.62 73.8 P27482 CALML3 Calmodulin-like protein 3 1 0.47

38.75 38.75 50.8 P21333 FLNA Filamin-A 19 0.46

2.05 2.05 42.9 Q15019 SEPT2 Septin 2 1 0.46

17.73 29.73 86.3 P08727 KRT19 Keratin, type I cytoskeletal 19 14 0.46

6.61 6.61 35.7 P24821 TNC Tenascin C 3 0.41

11.64 25.15 81.8 P08779 KRT16 Keratin, type I cytoskeletal 16 9 0.4

22.28 26.3 74.2 P13647 KRT5 Keratin, type II cytoskeletal 5 13 0.37

14.61 14.61 83.1 Q01995 TAGLN Transgelin 6 0.32

7.02 7.04 29.2 Q00610 CLTC Clathrin heavy chain 1 3 0.3

3.24 3.24 62.9 P60660 MYL6 Myosin light polypeptide 6 2 0.28

5.12 5.13 44.1 P12110 COL6A2 Collagen alpha-2(VI) chain 4 0.28

36.22 36.22 66.4 P35749 MYH11 Myosin-11 18 0.26

2.24 2.25 43 P06702 S100A9 Protein S100-A9 2 0.23

6.09 6.09 40.6 O60437 PPL Periplakin 3 0.22

28.1 28.1 49.9 P12111 COL6A3 Collagen alpha-3(VI) chain 13 0.21

3.85 3.85 51.5 Q9UBC9 SPRR3 Small proline-rich protein 3 2 0.101

DEPs, differentially expressed proteins; iTRAQ, Isobaric tags for relative and absolute quantification.
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Table 4 GO analysis of the 82 DEPs (top 5 shown)

Expression Category Term/gene function Count P value Protein

Up-regulated Biological process GO:0044419—interspecies 
interaction between  
organisms

4 1.29E−08 KRT18, KPNB1, HSPD1, RAN

GO:0007165—signal  
transduction

4 2.08E−04 MX1, RAN, RANBP1, CAP1

GO:0015671-oxygen  
transport

3 1.39E−10 HBB, HBA2, HBD

GO:0006355-regulation of 
transcription,  
DNA-dependent

3 9.30E−04 PHB2, PSPC1, SFPQ

GO:0043066-negative  
regulation of apoptosis

2 2.44E−04 KRT18, HSPD1

Molecular function GO:0005515—protein  
binding

10 1.97E−10 HBA2, MX1, PHB2, KRT18, RAN, HSPA8, 
RANBP1, NUDT5, SFPQ, EEF1G

GO:0000166—nucleotide 
binding

7 2.62E−10 MX1, PSPC1, HSPD1, RAN, NCL, HSPA8, SFPQ

GO:0046872—metal ion 
binding

5 1.90E−05 HBB, HBA2, HBD, CAD, POLR2I

GO:0003723—RNA binding 3 2.64E−05 PSPC1, NCL, SFPQ

GO:0008270—zinc ion 
binding

3 8.89E−04 KPNB1, CAD, POLR2I

Cellular component GO:0005737—cytoplasm 14 6.86E−17 LGALS7, MX1, PHB2, PSPC1, KRT18, KPNB1, 
HSPD1, RAN, SPTAN1, CAD, ALDOA, HSPA8, 
RANBP1, CAP1

GO:0005634—nucleus 12 2.84E−15 LGALS7, PHB2, PSPC1, KPNB1, RAN, CAD, 
NCL, ALDOA, RANBP1, POLR2I, SFPQ, 
TMEM43

GO:0005829—cytosol 7 1.25E−12 MX1, KPNB1, HSPD1, RAN, SPTAN1, CAD, 
EEF1G

GO:0005833—hemoglobin 
complex

3 1.07E−10 HBB, HBA2, HBD

GO:0016363—nuclear 
matrix

3 8.91E−09 PSPC1, CAD, SFPQ

Table 4 (continued)
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Table 4 (continued)

Expression Category Term/gene function Count P value Protein

Down-regulated Biological process GO:0008544—epidermis 
development

6 2.73E−13 KRT13, KRT15, LAMA3, KRT16, KRT5, SPRR3

GO:0006928—cell motility 4 1.23E−06 VIM, MSN, LYPD3, CALD1

GO:0007517—muscle 
development

3 7.03E−06 FHL1, TAGLN, COL6A3

GO:0007267—cell-cell 
signaling

3 1.55E−04 NAMPT, AGT, S100A9

GO:0007165—signal  
transduction

3 2.27E−02 NAMPT, CLIC3, TNC

Molecular function GO:0005515—protein  
binding

28 1.47E−31 VIM, LETM1, CLIC3, ERC1, UGP2, LMCD1, 
SLC9A3R1, PRKAR1A, DES, KRT15, NSFL1C, 
ACTC1, SERPINB3, GRHPR, EIF3B, PRSS1, 
CD99, PRDX1, SEPT2, KRT19, KRT16, KRT5, 
TAGLN, CLTC, S100A9, PPL, COL6A3, SPRR3

GO:0005200—structural 
constituent of cytoskeleton

8 4.57E−21 VIM, MSN, DES, KRT15, KRT19, KRT16, KRT5, 
PPL

GO:0005509—calcium ion 
binding

8 3.64E−12 LETM1, HSP90B1, S100A16, PRSS1, CRNN, 
CALML3, MYL6, S100A9

GO:0000166—nucleotide 
binding

7 5.14E−08 HSP90B1, PRKAR1A, ACTC1, SAR1A, EIF3B, 
SEPT2, MYH11

GO:0003779—actin binding 6 1.91E−11 PLEC1, WASF2, TPM2, CALD1, TAGLN, MYH11

Cellular component GO:0005737—cytoplasm 29 8.52E−34 VIM, PLEC1, RPS21, NAMPT, CLIC3, ERC1, 
UGP2, MSN, FHL1, DES, AGT, ACTC1,  
SERPINB3, GRHPR, SAR1A, EIF3B, WASF2, 
CD99, CRNN, TPM2, PRDX1, FLNA, SEPT2, 
TNC, TAGLN, COL6A2, S100A9, PPL, SPRR3

GO:0005886—plasma 
membrane

10 4.77E−10 PLEC1, MSN, LYPD3, CD99, COL1A1, FLNA, 
TNC, CLTC, COL6A2, PPL

GO:0005634—nucleus 10 1.29E−08 CLIC3, LMCD1, FHL1, NSFL1C, PRDX1, FLNA, 
SEPT2, TNC, S100A9, PPL

GO:0005856—cytoskeleton 8 4.42E−11 VIM, PLEC1, MSN, DES, ACTC1, TPM2, CALD1, 
PPL

GO:0005576—extracellular 
region

8 2.23E−09 AGT, PRSS1, LAMA3, COL1A1, LUM, TNC, 
COL6A2, COL6A3

GO, Gene Ontology; DEPs, differentially expressed proteins.

survival, carbohydrate metabolism, DNA replication, 
and recombination and repair, are related to cancer 
development. The biological functions are shown in 
Figure 2A. Furthermore, IPA interaction analysis detected  
35 significant canonical pathways including RNA signaling, 
calcium signaling, ILK signaling, actin cytoskeleton 
signaling, and RhoA signaling among other pathways 

(Figure 2B). In addition, IPA interaction analysis found  
3 significant pathway networks (Table 5 and Figure 3). These 
significant networks functioned in dermatological diseases 
and conditions, hereditary disorder, connective tissue 
disorders, cell death and survival, cancer, cellular function 
and maintenance, and cellular movement (Table 5). The 
key molecules in each network are listed in Figure 3. The 
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Figure 2 Biofunctions and pathway analysis of the DEPs using IPA. (A) Biofunctions in which the DEPs are involved. (B) Canonical 
pathways that involved the DEPs. DEPs, differentially expressed proteins; IPA, ingenuity pathway analysis software.
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Table 5 The statistically significant pathway networks that involved the 82 DEPs

Networks Score
Focused  

molecules
DEPs in network

Dermatological diseases and conditions,  
hereditary disorder, connective tissue disorders

51 23 CALD1, CAP1, COL6A2, DES, FLNA, KRT4, KRT5, KRT13, KRT15, 
KRT16, KRT18, KRT19, LAMA3, MSN, MYH11, MYL6, NAMRT, 
PLEC1, PPL, SPTAN1, TPM2, VIM, WASF2

Cell death and survival, cancer, cellular  
function and maintenance

38 18 ACTC1, CD99, CLTC, ERC1, HBB, HBD, HSP90B1, HSPA8, 
HSPD1, KPNB1, LGSLS7, NCL, NSFL1C, PRDX1, PSPC1, RAN, 
RPS21, SFPQ

Cancer, cell death and survival, cellular  
movement

31 16 AGT, COL1A1, COL6A3, HP, LETM1, LUM, LYPD3, PRSS1, 
RANBP1, S100A9, S100A16, SAR1A, SERPINB3, SPRR3, TAGLN, 
TNC

DEPs, differentially expressed proteins.

Network1 Network2 Network3

Relationship and shapes: direct interaction Indirect interaction Inhibits Acts on Complex/Group

Peptidase Enzyme Cytokine Transporter Transcription regulator Translation regulator

Trans-membrane receptor Other

Figure 3 The 3 significant pathway networks that involved the 82 DEPs. The red node represents up-regulated protein and the green node 
represents down-regulated protein. Uncolored nodes were not identified as DEPs, but were integrated into the computationally generated 
networks on the basis of the evidence stored in the IPA knowledge memory indicating a relevance to this network. DEPs, differentially 
expressed proteins; IPA, ingenuity pathway analysis software.

proteins CALD1, CAP1, DES, FLNA, KRT18, PLEC1, 
nonerythroid spectrin II (SPTAN1), TPM2, and VIM play 
key roles in the network 1. The proteins HBB, HSPA8, 
HSPD1, KPNB1, LGSLS7, NCL, PRDX1, and RAN 
play key roles in network 2. The proteins angiotensinogen 
(AGT), COL1A1, S100A9 and TAGLN play important 
roles in network 3.

The association of differential expression of proteins and 
patient survival

The key proteins were validated using ESCC data in the 

KM Plotter Online Tool. Among them, SPTAN1 was 
positively associated with the RFS (Figure 4A), and high 
expression of SPTAN1 tended to have favorable OS 
(Figure 4B). The AGT protein was found to be negatively 
associated with RFS and high expression of AGT tended to 
have poor OS (Figure 4C,D). Other proteins were not found 
to be associated with OS and RFS.

Discussion

The outcomes of patients with ESCC treated primarily with 
surgery have demonstrated heterogeneity. Postoperative 
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Figure 4 KM survival analysis for the relationship between survival and proteins expression of SPTAN1 and AGT in ESCC was performed 
using ESCC data of KM Plotter Online Tool. (A) Association of SPTAN1 with RFS in ESCC, (B) association of SPTAN1 with OS in 
ESCC, (C) association of AGT with RFS in ESCC, (D) association of AGT with OS in ESCC. KM, Kaplan-Meier; ESCC, esophageal 
squamous cell carcinoma; RFS, recurrence-free survival; OS, overall survival. 

radiotherapy (PORT) combined with chemotherapy is 
one of the important strategies that decreases locoregional 
recurrence and then increases OS in patients with ESCC. 
If we could predict the high risk of locoregional recurrence, 
then perhaps we could correctly identify patients who 
would benefit from PORT and avoid radiation-associated 
morbidity in the patients who could be cured with surgery 
alone. In current clinical practice, we mostly rely on 
clinicopathological characteristics, such as pathological 
tumour-node-metastasis (pTNM) staging, especially number 
of metastatic lymph nodes, to stratify high-risk subgroups of 
distant metastasis and local recurrent patients for improving 
treatment after surgery (19). Some studies have investigated 

expression of proteins in certain signaling pathways by 
immunohistochemical to predict poor survival (20).

Recent ly,  advances  in  proteomic and genomic 
technologies have enabled us to identify differentially 
expressed proteins and genes and further explore the 
potential biomarkers and therapeutic targets for cancers 
(14,21). Comparative proteomic analysis of human ESCC 
with poor and good prognosis is one of the most direct and 
convincing ways to find biomarkers for its prognosis. In 
this analysis, we focused on the prediction of locoregional 
recurrence in ESCC patients after radical operation. 
We used the quantitative proteomic technique iTRAQ 
to analyze tumor tissue from a locoregional recurrence 
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group and good prognosis group of postoperative 
participants with ESCC for the discovery of proteins 
with potential as candidates for locoregional recurrence-
related biomarkers. The current study identified a total of  
82 DEPs between the locoregional recurrence group and 
good prognosis group, and revealed multiple categories of 
biological functions related to tumor recurrence, including 
cellular movement, cellular function and maintenance, 
cellular assembly and organization, cellular growth 
and proliferation, tissue development, cell death and 
survival, carbohydrate metabolism, and DNA replication 
recombination and repair.

Using IPA interaction analysis, we found 3 significant 
networks involving 57 DEPs. Of these, 24 proteins had 
not been previously investigated in esophageal carcinoma, 
including CALD1, COL6A2, MYH11, MYL6, SPTAN1, 
WASF2, ACTC1, CLTC, ERC1, HBD, HSP90B1, 
HSPD1, NSFL1C, PSPC1, SFPQ, RPS21, AGT, COL6A3, 
LETM1, PRSS1, RANBP1, S100A16, SAR1A, and 
SERPINB3. In addition, we identified 2 proteins that were 
associated with RFS in ESCC. We found that SPTAN1 
was positively associated with RFS and AGT was negatively 
associated with RFS; expression of SPTAN1 tended to have 
favorable OS while AGT tended to have poor OS.

The SPTAN1 protein is an important cytoskeletal 
protein that ensures important cellular properties, including 
polarity and cell stabilization. It is also involved in cell 
adhesion, cell-to-cell contact, and apoptosis (22,23). 
Expression changes of SPTAN1 have been found in a 
variety of tumors, and its expression appears to have 
opposite effects in different tumors. On the one hand, 
most data suggest over-expression of SPTAN1 in cancer 
and progression; on the other hand, reduced expression of 
SPTAN1 has also been observed in tumors (24). Ackermann 
et al. (25) investigated expression of SPTAN1 in 189 
patients with surgically resected colorectal tumors (CRCs) 
using immunohistochemistry. They found that SPTAN1 
expression was higher in early stage CRCs and decreased 
gradually in advanced stages. In addition, the expression of 
SPTAN1 in metastatic CRCs was lower than that in non-
metastatic CRCs. Knockdown of SPTAN1 in CRC cell lines 
demonstrated weakened cell-to-cell contact, which may 
indicate that tumor cells expressing low levels of SPTAN1 
detach from their primary tumor sites and metastasize 
more easily (25). Bii et al. (26) also found SPTAN1 down-
regulation in lung metastasis tissue of patient with prostate 
cancer. Our study found that down-regulation of SPTAN1 
was related to progression in ESCC. However, further 

analysis of SPTAN1 is required to confirm its potential 
value as a predictive marker of cancer invasiveness and as a 
candidate protein for targeted therapy. 

The precursor of angiotensin peptide, AGT, is the 
only known naturally occurring rennin substrate (27). 
Recent studies have implied that AGT is associated with 
inflammation and in vitro inhibition of human endothelial 
cell proliferation, cell migration, and angiogenesis (28). 
Zhang et al. (29) downloaded the original RNA-Seq, 
clinical information, and Illumina Human Methylation  
27 Chip data associated with gastric cancer (GC) from The 
Cancer Genome Atlas (TCGA) database using the gdc-
client tool, and screened the differentially expressed genes. 
They found AGT was up-regulated and the expression of 
AGT was associated with the prognosis of GC patients. 
Sugimoto et al. found AGT gene polymorphism increased 
GC risk, especially intestinal GC, indicating that the 
renin-angiotensin (RA) system plays an important role in 
the pathogenesis of GC (30). With a stringent cut-off of 
1.5-fold up-regulation in the current study, we found that 
AGT protein up-regulated in the locoregional recurrence 
group compared to the good prognosis group. To the best 
of our knowledge, this was the first study to report that 
high expression of AGT and low expression of SPTAN1 
were associated with relapse in ESCC after radical 
esophagectomy. Further studies are currently underway to 
validate the exact predictive value of expression of AGT 
and SPTAN1 in ESCC and to explore the functions of  
these proteins.

In this study, we used proteomics to identify DEPs and 
hope to find potential biomarkers for predicting prognosis 
of ESCC. Up to date, proteomics have been widely used 
to investigate therapeutic efficacy and mechanism of action 
of drugs. Li et al. (31) applied quantitative proteomics 
to investigate the anti-tumor activity of levodopa on 
ESCC to the molecular mechanisms. Using comparative 
proteomic to screen DEPs between KYSE150 cells 
treated with 600 μM levodopa and untreated KYSE150 
cells, they found levodopa could down regulate oxidative 
phosphorylation, non-alcoholic fatty liver disease, and 
Parkinson’s disease pathways. MA et al. (32) used iTRAQ 
technique to screen serum differentially expressed proteins 
associated with chemoradiotherapeutic efficacy. Proteomics 
results revealed that prior to chemoradiotherapy, the 
expression level of integrin-linked kinase was significantly 
upregulated in patients with ESCC, compared with that of 
the control group, and significantly downregulated in the 
chemoradiotherapy-sensitive group, compared with the 
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chemoradiotherapy-resistant group.
Our work had some limitations, this was a computer 

simulation analysis using data from several sources, so it 
was mandatory to evaluate these findings in a homogenous 
data set. Furthermore, these results should be considered 
as hypotheses generating and confirmation is required 
through independent datasets and in prospective and 
retrospective studies. 

Conclusions

Our results demonstrated quantitative proteomics as 
an effective discovery tool to identify biomarkers for 
prognosis prediction in ESCC. There were 2 proteins 
identified in this study that may be potential biomarkers 
for prediction of locoregional recurrence in ESCC after 
radical esophagectomy. However, more studies with large 
populations of individuals with ESCC are needed to validate 
these potential biomarkers.
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