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Abstract Esophageal squamous cell carcinoma (ESCC) is
one of the most common cancers. In this study, our objective
was to identify differentially regulated proteins in ESCC using
isobaric tag for relative and absolute quantification (iTRAQ)
technique and liquid chromatography–tandem mass spec-
trometry (LC–MS/MS). We compared the protein expression
profiles of ESCC tumor tissues with the corresponding adja-
cent normal tissue from three patients. It was determined that
72 and 57 unique proteins were significantly up-regulated and
down-regulated in all three samples. In addition, there were
431 significantly differentially regulated proteins having at
least two biological samples. This subject found some of the
differential proteins, such as prolyl 4-hydroxylase subunit al-
pha-1, prolyl 4-hydroxylase subunit alpha-2, and calponin-2,
immunoglobulin superfamily containing leucine-rich repeat
protein, and prolyl 3-hydroxylase1, which were few studies

about them in ESCC. In order to determine the results, we
performed another independent experiment. Our results indi-
cated quantitative proteomics, as a robust discovery tool for
the identification, differentially regulated proteins in cancers.

Keywords ESCC . Proteomic analysis . ITRAQ . 2DE/
MALDI-TOFMS

Introduction

Esophageal squamous cell carcinoma (ESCC) is one of the most
common malignant tumors worldwide. Compared with other
populations, ESCC, which is the main histological subtype of
esophageal cancers, is at a very high frequency rate in Chinese
population [1]. Despite significant advances in surgery and other
therapeutic strategies, the 5-year survival rate after surgery is
being estimated only 17 % [2]. The ample data show that
smoking and alcohol abuse play certain roles in the etiology of
esophageal cancer, and other environmental influences including
nutritional deficiencies, nitrosamines, low socioeconomic status,
specific carcinogens, consumption of very hot beverages, and
limited intake of vegetables and fruits have also been risk factors
of esophageal cancer [3]. ESCC is an unresectable or metastatic
disease. Dysphagia, which is the most common symptom of
esophageal cancer, occurs on the advanced stage of the tumors.
The highmortality rate of ESCC is amajor attribute to the lack of
early clinical symptoms, effective biomarkers for early detection,
and the limited understanding of its carcinogenic mechanisms.
Some scholars think that the overall 5-year survival rate may rise
to 90 % when the tumor is removed in the early stage of ESCC
[4]. Therefore, it is imperative to detect more effective bio-
markers of ESCC and study its molecular characterization.

In the postgenomic era, proteomics provides an effective
approach to investigate the different protein expressions and
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provides the basis for discovery of the potential biomarkers
and drug targets for cancer. By the two-dimensional electro-
phoresis (2DE)/matrix-assisted laser desorption/ionization-
time-of-flight mass spectrometry (MALDI-TOF MS), it was
found that there were plenty of differential proteins and some
potential molecules in buccal squamous cell carcinoma, chol-
angiocarcinoma, prostate cancer, squamous cervical cancer,
renal cell carcinoma, lung squamous carcinoma, and gastric
carcinoma [5, 6]. In the differential proteins, only a small
section was finally identified. In recent years, isobaric tag
for relative and absolute quantification (iTRAQ) technique
and liquid chromatography–tandem mass spectrometry (LC–
MS/MS) have been widely applied to identify tumor-
associated proteins, and specific protein markers even provid-
ed a broad perspective to understanding the complex biolog-
ical behaviors of cell [7]. In this study, we are ready to apply
iTRAQ technique to analyze three ESCC tumors and paired
adjacent normal esophageal squamous epithelium tissues,
which were obtained from ESCC patients in Xinjiang,
China. The aim of the study was to identify the proteins with
significantly different expressions in ESCC. In this study, the
identified proteins may be able to illuminate the molecular
basis of ESCC progression and provide potential molecular
markers for diagnosis or prognosis of ESCC.

Materials and methods

Tissue specimens

Informed consent was signed by all patients, and the study
was approved by the Ethical Committee of the First
Affiliated Hospital of Xinjiang Medical University. The sam-
ples, which were more than 80 % of target cells (cancer cells
or normal epithelial cells) without necrosis, would be selected.
Tumor tissues and adjacent normal epithelium tissues were
obtained from three ESCCs, who underwent esophagectomy
at the First Affiliated Hospital of XinjiangMedical University.
All of the samples were histopathologically diagnosed as
ESCC by two independent experienced pathologists. All the
tissues were frozen at −80 °C until use. The patients come
from Xinjiang, where incidence and mortality rates of ESCC
were higher than the average level of China.

Protein preparation

Protein extract and quantification

The tissues were ground in liquid nitrogen and extracted
with lysis buffer. To obtain the supernatant, the tissues
were shaken by 15 min of ultrasound and centrifuged at
25,000 cycles of 4 °C for 20 min. Then, to obtain the
precipitates, the supernatant was mixed with ice-cold

acetone and centrifuged. The above steps for the precip-
itates were repeated, and the following steps were re-
covering the disulfide bonds in proteins and blocking
the cysteines. Again, the tissues were ground, shaken
by ultrasound, and centrifuged. Finally, the supernatant
was transferred to a new tube and quantified, using
Bradford Protein Assay Kit.

iTRAQ labeling and SCX fractionation

The protein was digested with Trypsin Gold (Promega,
Madison, WI, USA) at 37 °C for 16 h. After trypsin digestion,
peptides were dried by vacuum centrifugation. Peptides were
reconstituted in 0.5 M TEAB and performed according to
manufacturer’s protocol. Strong cation exchange (SCX) chro-
matography was performed with a LC-20AB HPLC Pump
system (Shimadzu, Kyoto, Japan). The iTRAQ-labeled pep-
tide mixtures were reconstituted with 4 mL buffer A. The
samples were eluted at a flow rate of 1 mL/min in a SCX
column. Elution was monitored at the 214-nm absorbance.
In addition, the eluted peptides were divided into 20 segments.
Finally, each segment were desalted with a Strata X C18 col-
umn (Phenomenex) and vacuum dried.

Mass spectrometry analysis

LC–MS/MS proteomic analysis

The mass spectroscopy analysis was performed by a Triple
TOF 5600 (AB SCIEX, Concord, ON), integrated online mi-
cro flow LC-20AD nanoHPLC (Shimadzu, Kyoto, Japan) as
described before [7]. Data acquisition was performed with a
Triple TOF 5600 System comprising a Nanospray III source
and a pulled quartz tip as the emitter. When the data was
collected, the parameters were respectively 2.5 kVof the ion
spray voltage, 30 psi of the curtain gas, 15 psi of the nebulizer
gas, and 150 °C of the interface heater temperature. The scan
patterns were at a reflective mode at ≥30,000 resolutions.
Every ion signal was recorded by the four bins and was trans-
lated into the date.

Proteomic data analysis

In the analysis of bioinformatics, only converting into
MGF formates can raw data files be used. Mascot
search engine, which was regarded as the gold standard
of biological mass spectrometry technology, was used to
identify the proteins against database. To reduce the
probability of false peptide identification, only peptides
with significance scores (≥20), which were at the 99 %
confidence intervals (CIs) by a Mascot probability anal-
ysis, were regarded as identified, and each confident
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protein identification involved at least one unique pep-
tide. For protein quantification, it was required that a
protein contains at least two unique peptides. The quan-
titative protein ratios were weighted and normalized by
the median ratio in Mascot. Differences were indicated
when a p value was less than 0.05, and only fold
changes more than 1.5 were considered.

Functional analysis

To better understand the annotation and distribution of
protein functions, we used the Blast2GO program to ob-
tain Gene Ontology (GO) annotations. GO provides a set
of dynamic updating controlled vocabulary to describe
genes and gene product attributes in the organism and is
an international standardization of gene function classifica-
tion system. GO has three ontologies which can describe
molecular function, cellular component, and biological pro-
cess, respectively. The Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway database is a collection of
manually drawn graphical diagrams, representing molecu-
lar pathways for metabolism, genetic information process-
ing, environmental information processing, other cellular
processes, human diseases, and drug development.

Results

Overview of quantitative proteomics

The iTRAQ labeling of peptide tissue specimens derived
from three human ESCC tissues and paired adjacent nor-
mal tissues and marked by isobaric tags of 6-plex iTRAQ
Reagent Multi-Plex kit respectively as follows: cancer
tissues, 115/118/121 and paired adjacent normal tissues,
113/116/119. Via the iTRAQ—LC–MS/MS, 342,788
spectra were obtained on the ESCC tissues and normal
tissues. After removing low-scoring spectra, there were
60,041 unique spectra remaining, which matched to
4999 unique proteins. According to protein molecular
weight (MW) distribution, the majority of the MW was
ranged from 10 to 100 kDa. However, it was found that
the MW of almost 1000 proteins were ≥100 kDa
(Fig. 1a). In addition, most of the proteins were identi-
fied with good peptide coverage, of which about 52 %
proteins were with more than 10 % of the sequence cov-
erage, and about 38 % proteins were with 20 % of the
sequence coverage (Fig. 1b).

Functional annotations of all the identified proteins by
GO including biological processes, cellular components,
and molecular function are shown in Additional file 1.
There were 23, 16, and 18 functional groups, respectively.
All identified proteins were matched against the Clusters

of Orthologous Groups (COG) database and classified into
25 categories. Among the 25 COG function classes, the
cluster for “General function prediction” represented the
largest group (754), followed by “Posttranslational modifi-
cation, protein turnover, chaperones”(395), and
“Translation, ribosomal structure and biogenesis”(274).
According to date, it was easily found that nuclear
structure and cell motility were the smallest groups
(Fig. 1c). The source of variation differs from one exper-
iment to another, and it was caused by experiment time,
manpower, instrument, subject, subject condition, and
preparation process. Therefore, these sources of variation
(technical, experimental, and biological) must be mini-
mized or identified. The CV was calculated by quantita-
tive value of proteins in repeating data, and the distribu-
tion of CV was collected (Fig. 2).

Differentially expressed proteins

According to the standard, differences were indicated sta-
tistically significant when p was less than 0.05 and cutoff
range was 1.5-fold. Statistics suggested that there were 72
and 57 unique proteins that were significantly up- and
down-regulated between ESCC tissues and paired adjacent
normal tissues in all three samples. According to the data
analysis, there were 190, 172, and 363 especially signifi-
cantly dysregulated expression in sample 1, sample 2, and
sample 3, respectively (Fig. 3). In addition, there were 208
(125 up- and 83 down-regulated) proteins that were signif-
icantly dysregulated expressed between sample 1 and sam-
ple 2, 245 (156 up- and 89 down-regulated) proteins be-
tween sample 2 and sample 3, and 262 (145 up- and 117
down-regulated) proteins between sample 1 and sample 3.
The fold difference distribution was obtained from three
samples, respectively (Fig. 4). Overall, 431 significantly
differentially regulated proteins having at least two biolog-
ical samples with an acceptable level of confidence were
shortlisted for the bioinformatics analysis to retrieve useful
biological trends.

Functional enrichment analysis

To obtain a comprehensive view of the differential expres-
sion proteins, GO and KEGG pathway enrichment analyses
were analyzed. The enriched molecular function of up-
regulated proteins was mainly including to binding (220
proteins), catalytic activity (127 proteins), and transporter
activity (17 proteins), whereas the down-regulated proteins
were predominantly involved in binding (121 proteins), cat-
alytic activity (44 proteins), and structural molecule activity
(22 proteins). Among the differently expressed proteins in
this study, most of them were shown to be associated with
various functions, involved in cell proliferation, cell

Tumor Biol. (2016) 37:1909–1918 1911



differentiation, cell adhesion, cell migration, and cell apo-
ptosis (Table 1). Moreover, majority of proteins play the
roles by signaling pathways, such as p53 signaling pathway
(Supplementary figure 1), Wnt signaling pathway
(Supplementary figure 2), Jak-STAT signaling pathway
(Supplementary figure 3), and NF-kappa B signaling path-
way (Supplementary figure 4). These signaling pathways

have been well studied in multiple types of cancer. In ad-
ditional, we also found 12 differential proteins associated
with cell cycle. The detailed information of proteins is
shown in Table 2.

To investigate protein interactions at the level of Pfam do-
mains, the web resource that provided the analysis of the
Protein Data Bank structures was adopted. It was found that
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Fig. 1 MV distribution, coverage, and functional category of proteins identified in this study. a Distribution of protein identified among different
molecular weights; b coverage of proteins by the identified peptides; and c functional category coverage of the proteins identified
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RNA recognition motif (RRM) and helicase C, the most
prominent two Pfam domains, involved 34 proteins. And the
up-regulated and down-regulated proteins involved in the top
ten Pfam domains were respectively shown in Fig. 5a, b. In
normal tissues, the main function of the spliceosome compo-
nents was to control cells growing; however, they were inac-
tive in multiple types of cancer. In addition, it was found that
22 spliceosome components were identified as differential
proteins (Fig. 6).

Novel overexpressed proteins identified in this study

The present study identified many novel ESCC-associated
differential proteins. Among the novel candidates, prolyl
4-hydroxylase subunit alpha-1 (P4HA1), prolyl 4-
hydroxylase subunit alpha-2 (P4HA2), and calponin-2
(CNN2) have not been described previously in the reports
about ESCC. So far, immunoglobulin superfamily (ISLR)
containing leucine-rich repeat protein and prolyl 3-
hydroxylase1 (P3H1/LEPRE1) hardly have been reported
in any carcinoma.

Validation of differential expression pattern

In this study, five proteins were chosen which have been
reported in carcinoma as novel potential candidates. In or-
der to validate the results from the three human ESCC

tissues and paired adjacent normal tissues, another indepen-
dent same experiment was performed between another three
human ESCC tissues and normal tissues. There was no
difference between twice experiments. Table 3 showed that
the selected five proteins were stable differential expression
and that iTRAQ was an effective means for the ESCC
proteomic quantification.

Discussion

Clarifying the pathogenesis of ESCC is essential for provid-
ing new treatment strategies and take preventive measures. It
was the most basic level to detect potential biomarkers of
ESCC by analyzing different protein expressions. 2DE/
MALDI-TOF MS has been widely used for initial and com-
prehensive exploration of some cancers, such as buccal
squamous cell carcinoma, cholangiocarcinoma, prostate can-
cer, squamous cervical cancer, renal cell carcinoma, lung
squamous carcinoma, and gastric carcinoma. At the same
time, plenty differential proteins were screened to be as the
basis of the further study. However, there were some disad-
vantages of 2DE such as difficulties resolving hydrophobic
proteins and low-abundance proteins with extreme pI and
molecular weights [8]. In recent years, iTRAQ labeling tech-
nique combined with 2DE/MALDI-TOF MS has been in-
creasingly used label quantification methods. Because the

Fig. 2 CV distribution. X-axis
represents different levels of CV.
The left of Y-axis represents
quantitative protein of different
CV levels, corresponding the
cylindrical. The right of Y-axis
represents different CV level
accumulations that accounted for
total quantitative protein ratio,
corresponding the line graph
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unaccessible information by 2DE can be obtained using
iTRAQ. It is a highly sensitive proteomic platform and is
considered as a superior choice due to its high proteome
coverage and labeling efficiency. In addition, the iTRAQ
has the advantage of analysis capability of multiple samples
simultaneously, and the low-abundance protein sensitivity is
enough to meet important research, for example, breast can-
cer, lung cancer, and nasopharyngeal carcinoma [9].
Therefore, to choose the identified proteins, the iTRAQ
and 2DE/MALDI-TOF MS were employed in this study.

Only through a subset of residues in any protein can
protein interactions be investigated. Finn had established a
web resource that can retrieve protein interactions by the
Protein Data Bank structures at the level of Pfam domains
and amino acid residues [10]. In this study, the web was
mainly used to analyze the protein interactions. RRM and
helicase C were found as the second outstanding Pfam do-
mains involved in 34 proteins.

Among the Pfam domains, RRMs were the main part of
RNA-binding proteins, which were used to pre-messenger
RNA (mRNA) splicing. SR protein family, whose mem-
bers play roles in splicing, can transmit pre-mRNAs to

the splicing pathway with overlapping [11]. The present
study found six SR differential proteins, including in
SRSF1, SRSF2, SRSF5, SRSF9, SRSF10, and SRSF11.
SR proteins were composed by one or two N-terminal
RRMs and a variable length C-terminal arginine–serine
(RS)-rich domain [11]. The RRMs are required for trans-
acting factors binding, while the RS domains are required
for protein–protein interactions with other components of
the splicing machinery and serve as splicing activation do-
mains. SR proteins serve as recruiting components of the
general splicing machinery to the nearby intron [11]. Xu
provided persuasive evidence of cancer-specific splice var-
iants by 316 human genes [12]. SR proteins control mRNA
translocation and translation [13]. RBM25, another splic-
ing factor, was a different expression between tumor tis-
sues and adjacent normal epithelium tissues. There was a
family of RNA-binding proteins sharing the N-terminal
RRM, ER central region, and C-terminal PWI motif [14].
RBM25 regulated the RNA-binding and directed the alter-
native splicing of apoptotic factors [15].

There are five novel proteins, P4HA1, P4HA2, CNN2,
ISLR, and P3H1/LEPRE1, found in this study. However, the
five potential candidates hardly were reported in any carcinoma.

The family of collagen prolyl 4-hydroxylases α iso-
forms, including in P4HA1, P4HA2, and P4HA3, have
been identified in human tissue. P4HA1, as the key enzyme
in collagen synthesis, provides the major part of the cata-
lytic site of the active enzyme. Its function is prompting the
posttranslational formation of 4-hydroxyproline in -Xaa-
Pro-Gly- sequences in collagens and other proteins [16].
When the prolyl 4-hydroxylases activity is inhibited

Fig. 3 Differentially expressed proteins in all three samples: a up-
regulated and b down-regulated

Fig. 4 Box-whisker plot of fold difference. From the top to down,
representing the maximum, upper quartile, median, lower quartile, and
minimum, respectively
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efficiently, cell–collagen interaction will be enhanced, in-
cluding proliferation, migration, and invasion [17]. It has
been demonstrated that the P4HA1 positive was related with
breast cancer and prostate cancer [18, 19]. According to

Chakravarthi, in vitro studies P4HA1 played a critical role in
prostate cancer progression and tumor cell growth. Molecular
typing studies about P4HA1 in prostate cancer also suggested
that P4HA1 played an important role in the regulation of

Table 1 Differently expressed proteins shown to be associated with various functions

Functions Up-regulated Down-regulated

Cell proliferation Deoxyhypusine synthase
Myeloblastin
Cytosine-specific methyltransferase
Isoform 3 of prolyl 3-hydroxylase1
Proliferating cell nuclear antigen
DNA replication licensing factor MCM7
Nuclease-sensitive element-binding protein 1
DNA replication licensing factor MCM2
Isoform 2 of histone-binding protein RBBP4
Transmembrane glycoprotein NMB
Acidic leucine-rich nuclear phosphoprotein 32 family member B

Adseverin
Dermatopontin
Zinc-alpha-2-glycoprotein
Fatty acid-binding protein

Cell differentiation Myeloblastin
DNA-dependent protein kinase catalytic subunit
Nuclease-sensitive element-binding protein 1

Fatty acid-binding protein 4
Four and a half LIM domains protein 1
Isoform long of serine protease inhibitor Kazal-type 5

Cell adhesion Isoform 2 of periostin
Thrombospondin-2
Isoform 2 of inactive tyrosine–protein kinase 7
Transmembrane glycoprotein NMB
Acidic leucine-rich nuclear phosphoprotein 32 family member A

Cornulin
Mucin-5B
Kininogen 1
Dermatopontin
Collagen alpha-2 (VI)
Phosphoglucomutase-like protein 5
Zinc-alpha-2-glycoprotein
Isoform 2 of interleukin-1 receptor antagonist protein
Isoform PKP3b of plakophilin-3
Collagen alpha-6 (VI)
Isoform long of serine protease inhibitor Kazal-type 5
Microfibril-associated glycoprotein 4

Cell migration Thrombospondin-1
Calponin-2
Beta-hexosaminidase subunit beta
Ras-related protein Rap-2a
Isoform 2 of inactive tyrosine–protein kinase 7

Isoform 4 of extracellular matrix protein 1

Apoptosis Myb-binding protein 1A
Chaperonin 10-related protein
Chaperonin 10-related protein
Isoform GTBP-alt of DNA mismatch repair protein
Nuclease-sensitive element-binding protein 1
Endothelin-converting enzyme 1
DNA-dependent protein kinase catalytic subunit
Isoform 2 of interleukin-1 receptor antagonist protein

Kininogen 1
Adseverin
Cystatin-B
Isoform 2 of clusterin
Alpha B crystallin

Table 2 Identified differentially expressed proteins involved in cell cycle

Gene symbol Protein name Function description

MCM2-7 DNA replication licensing factor MCM2-7 Predicted ATPase involved in replication control, Cdc46/Mcm family

SMC1A Structural maintenance of chromosomes protein 1A Chromosome segregation ATPases

PCNA Proliferating cell nuclear antigen Proliferating cell nuclear antigen

HDAC1 Histone deacetylase Deacetylases

SFXN1 Sideroflexin-1 β-Catenin binding

STOM Erythrocyte band 7 integral membrane protein Membrane protease subunits

PRKDC DNA-dependent protein kinase catalytic subunit Phosphatidylinositol kinase and protein kinases of the PI-3 kinase family
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matrix metalloproteases 1 [19]. P4HA2 is mainly expressed in
capillary endothelial cells, chondrocytes, and osteoblasts.
High expression of P4HA2 has been observed in breast can-
cer, papillary thyroid cancer, and oral cavity squamous cell

carcinoma [20–22]. Gaofeng Xiong results suggested that col-
lagen deposition caused by P4HA2 promoted the progression
of breast cancer. It was conceivable that inhibiting prolyl 4-
hydroxylases activity is a new potential therapeutic target to
breast cancer [18]. Moreover, Daniele M. Gilkes discovered
that the hydroxylase inhibitor, ethyl 3,4-dihydroxybenzoate
(DHB), was able to reduce the rate of breast cancer fibrosis
and metastasis [18]. However, the main function of P4HA1
and P4HA2 in cancer progression remains to be poorly under-
stood. Therefore, further research was worth doing.

Calponin, a family of actin-associated proteins, was first
identified in smooth muscle cells. It is composed of three
isoforms: h1-calponin, h2-calponin, and acidic calponin. The
actin cytoskeleton as ezrin worked in many cellular process-
es, including in contraction, cell division, anchorage-
independent cell growth, cell migration, and invasion [23].
Kaneko reported that H1-calponin was associated with tu-
morigenesis, cell migration, and inhibition of cell differenti-
ation [24]. H1-calponin has also been found related with
renal angiomyolipoma and colon cancer [25]. Moreover,
Tomonori Ogura had demonstrated that the drugs targeting
the CNh1 gene were effective against ovarian cancer by in
vitro cell study [26]. h2-calponin, encoded by CNN2, can
bind actin, tropomyosin, troponin C, and calmodulin. Its
function was to direct the structural organization of actin
filaments. The interaction between calponin and actin in-
hibits the actomyosin Mg-ATPase activity. The main func-
tion of h2-calponin was to regulate smooth muscle contrac-
tion, motor activity, and cell adhesion. Hossain MM sug-
gested that in growing and remodeling tissues, the expres-
sion of h2-calponin is at a significant level [27]. Choi also
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found that h2-calponin was of high expression in cutaneous
squamous cell carcinoma and rectal carcinoma [28].
Moreover, Hossain indicated that its overexpression reduced
cell proliferation [29]. The gene regulation and function of
h2-calponin are largely unknown. Therefore, a large number
of studies are eager to be carried out.

Immunoglobulin superfamily (ISLR) containing a leucine-
rich repeat (LRR) with conserved flanking sequences and a
C2-type immunoglobulin (Ig)-like domain was considered to
be a newmember of the Ig superfamily [30]. It was known that
these domains be critical to protein–protein interaction or cell
adhesion. Therefore, the ISLR protein may also interact with
other proteins or cells. However, only a little part of proteins is
reported including immunoglobulin domain and LRR.

Prolyl 3-hydroxylase1 (encoded by LEPRE1) is a collagen-
modifying enzyme, which is composed of carboxyl-terminal
dioxygenase domain and amino-terminal domain. The
carboxyl-terminal dioxygenase domain is similar to the α-
subunit of prolyl 4-hydroxylase and lysyl hydroxylases. The
amino-terminal domain contains four cysteine (CXXXC) re-
peats. Although its function is not clear, it contains multiple
tetratricopeptide repeat domains that are important in pro-
tein–protein interactions [31]. It has been suggested that
the P3H1 complex may function as both an enzyme and a
chaperone in collagen molecular assembly, possibly by
preventing premature aggregation of collagen chains during
protein synthesis [32].

In this study, the sample size was less, but all samples selected
were according to the principle of grouping and pairing. Paired
design has the advantages of keeping the uniformity of the con-
ditions, higher comparability, higher validity, and less error. So,
by comparing ESCC tissues to paired adjacent normal epithelium
tissues, the differential proteins were found effectively. On the
other hand, the repeated tests could reduce the deviation, screen-
ing the shared differential proteins. In a word, the grouping and
pairing study can provide more accurate and effective results.
The selected differentially expressed proteins were reliable and
objective (Fig. 6).

In recent years, there were similar experiments reported
about LC–MS-based proteomic analysis in ESCC. And al-
most all of the experimenters regarded the serum as sam-
ple. For example, Harsha Gowda selected 40 ESCC and 10
control serum samples to compare and identify dysregulat-
ed proteins or molecular features, and Zhang Li selected 10
ESCC and 10 control serum samples [33, 34]. However,
Harsha Gowda and Zhang Li found respectively 652 sig-
nificantly dysregulated molecular features in serum and 21
expressed proteins, most of which were only about
metabolomic. The results of our experiment involved in cell
proliferation, cell differentiation, cell adhesion, cell migra-
tion, apoptotic, and so on. In addition, the protein level in
serum was lower to the protein levels in tissue. Therefore,
the accuracy of serum experiments was lower compared to
the histological experiments. It was a new way to regard
tissue as samples of the protein identification experiment by
LC–MS. The advantages of our experiment were to more
easily extract proteins, to obtain more dysregulated and
more comprehensive proteins, and to keep the accuracy of
the results.

Conclusion

By iTRAQ technique and LC–MS/MS, 72 and 57 unique pro-
teins were significantly up-regulated and down-regulated be-
tween ESCC tissues and paired adjacent normal epithelium tis-
sues. Among the differential proteins, five novel proteins, includ-
ing in P4HA1, P4HA2, CNN2, ISLR, and P3H1/LEPRE1, were
discovered as the identified proteins, and the further research and
the experiment of a larger sample size were worth doing.
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Table 3 Validation differential expression proteins in the two independent experiments

Gene symbol Protein name First iTRAQ experiment
(tumor/normal)

Second iTRAQ experiment
(tumor/normal)

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6

P4HA1 Prolyl 4-hydroxylase subunit alpha-1 1.829* 1.696* 2.378* 4.015* 2.456* 2.682*

P4HA2 Prolyl 4-hydroxylase subunit alpha-2 1.5* 1.769* 2.521* 2.883* 1.576* 1.911*

CNN2 Calponin-2 2.05* 1.828* 2.491* 1.537* 3.137 2.071*

P3H1 Prolyl 3-hydroxylase1 2.085* 1.242* 2.262* 3.164* 2.66* 2.539*

ISLR Immunoglobulin superfamily containing
leucine-rich repeat protein

3.13* 1.586* 1.567 1.915* 2.556* 2.841*

*Indicates significant differences
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