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Abstract: Purpose: Esophageal squamous cell carcinoma (ESCC) is one of the most common digestive cancers.
Many proteins and genes have been found to be associated with ESCC. However, there is rare study on the pathways
and biological processes made up of the activities of those multiple genes and proteins. In this study, several key
pathways closely related to ESCC were revealed. Furthermore, it was found that Wnt signaling pathway played a very
important role in the development of ESCC. Methods: A combination of isobaric tags for relative and absolute quan-
tification (iTRAQ) and liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis were used to target
the proteins, which abnormally expressed. Then, the Clusters of Orthologous Groups (COG) database and The Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway database were matched against by those proteins’ terms.
Finally, after comparing and analyzing, some key pathways were revealed. Findings and conclusions: With the meth-
ods, differentially expressed proteins (DEPs) in ESCC were identified. There were a total of 431 kinds of abnormal
expressed proteins found from samples. 262 kinds were over-expressed (iTRAQ ratios of >1.5), and 169 kinds were
under-expressed (iTRAQ ratios of <0.67). Based on those data, this subject pointed out several key pathways with a
high degree of confidence (p-value<0.0001), including Focal adhesion, DNA replication, ECM-receptor interaction,
which were the most closely related to ESCC. The implicated biological processes and signaling pathways could help
elucidate the molecular mechanisms of ESCC carcinogenesis and provide new targets for clinical treatment.
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Introduction

Esophageal cancer (EC) is one of the most
lethal digestive malignances, and it ranks the
sixth place of cancer death of the world [1]. The
main subtype of EC is esophageal squamous
cell carcinoma (ESCC), which is accounting for
nearly 90% [2]. About 80% of EC occur in the
developing countries, which are with obvious
geographic diversity [3, 4]. According to the
International Agency for Research on Cancer
(IARC) statistics, 456,000 new cases (3.2% of
the total) were diagnosed as EC and 400,000
deaths (4.9% of the total) died from EC each
year worldwide [5]. Despite the medical care
has made great progress over past decades,
the overall 5-year survival rate of it is still below
20% [6-8]. Therefore, it is necessary to investi-
gate the pathogenic mechanisms of ESCC.

Isobaric tags for relative and absolute quantita-
tion (iTRAQ) is a new method of quantitative
research on proteomics in recent years.
Combined with mass spectrometry, it is an ideal
technique for finding biomarkers [9, 10]. The
iTRAQ method regarded as a quantitative
approach has been used for the identification
of biological markers for different cancers
including breast cancer [11], renal cell carcino-
ma [12], oral cancer [13], hepatocellular carci-
noma [14], endometrial cancer [15], non-small
cell lung carcinoma [16] and nasopharyngeal
carcinoma [17].

In this study, we performed quantitative pro-
teomic analysis using iTRAQ method and LC-MS
to identify DEPs. The purpose of this subject
was to determine the potential key pathways in
ESCC by KEGG pathway analysis.
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Materials and methods
Tissue samples

Informed consent was signed by each patient,
and the study was approved by the Ethical
Committee of the First Affiliated Hospital of
Xinjiang Medical University. Tumor tissues and
adjacent normal epithelium tissues were
obtained from six ESCCs, and each of the adja-
cent normal epithelium tissue was at least 5
cm away from the edge of ESCC regarded as a
control. All HE staining sections of paraffin
specimens were confirmed by two independent
experienced pathologists. No necrosis was
observed under the microscope. The tumor tis-
sues were labeled as 115/118/121, respec-
tively. Meanwhile, their normal tissues were
labeled as 113/116/119, respectively. All the
tissues were kept at -80°C before use.

Protein extraction and preparation

First, 100 mg fresh tissue were ground into
powder in liquid nitrogen, added the right
amount of protein lysis buffer, and then, added
the final concentration of 1 mm PMSF
(Phenylmethanesulfonyl fluoride) and 2 mm
EDTA (ethylene diamine tetraacetic acid) in
order. Next, after 5 minutes, added final con-
centration of 10 mm DTT (DL-Dithiothreitol).
The tissues were shaken by ultrasonic for 15
minutes and centrifuged at 25000 x g for 20
minutes. Took the supernatant. In order to
extract the supernatant, added the pre-cooled
acetone, precipitated for 2 hours at -20°C, then
centrifuged at 16000 x g for 20 minutes, dis-
carded supernatant and took the precipitation,
added the appropriate amount of protein lysis
buffer again, repeated the above process.
Finally, the supernatant was quantified by
Bradford method for protein concentration.

ITRAQ labeling and SCX separation

The protein was digested with Trypsin (Promega,
Madison, WI, USA) at 37°C for 16 h. After tryp-
tic digestion, stem peptides were dried by vacu-
um centrifugal pump with 0.5 mol/lI TEAB com-
plex soluble peptides and performed according
to the instruction of the iTRAQ labeling. Strong
cation exchange (SCX) chromatography was
performed with a LC-20AB HPLC Pump system
(Shimadzu, Kyoto, Japan). With the liquid phase
separation column for 4.6 x 250 mm model by

10492

Ultremex SCX, the samples finished the liquid
phase separation and removed salt, respec-
tively. Finally, freeze dried and reserved at 4°C.

LC-MS/MS proteomic analysis

All steps were carried out according to the
instructions. Data acquisition was performed
with a Triple TOF 5600 System (AB SCIEX,
Concord, ON) comprising a Nanospray lll source
and a pulled quartz tip worked as the emitter
(New Objectives, Woburn, MA). Data was
acquired using an ion spray voltage of 2.5 kV,
curtain gas of 30 psi, nebulizer gas of 15 psi,
and an interface heater temperature of 150°C.
The MS was operated with a RP of greater than
or equal to 30000 FWHM for TOF MS scans.

Kyoto Encyclopedia of Genes and Genomes
(KEGG) analysis

Only converting into MGF files, raw data files
can be used. Protein identification was per-
formed by using Mascot search engine (Matrix
Science, London, UK; version 2.3.02) against
database. To reduce the probability of false
peptide identification, only peptides with signifi-
cance scores (=20) at the 99% confidence
intervals (Cls) by a Mascot probability analysis
greater than “identity” were counted as identi-
fied. For protein quantitation, it was required
that a protein contains at least two unique pep-
tides. The quantitative protein ratios were
weighted and normalized by the median ratio in
Mascot. Proteins were considered to be differ-
entially expressed if iTRAQ ratios were >1.5 or
<0.67. The Clusters of Orthologous Groups
(COG) database was used to classify the func-
tion of proteins. The Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway data-
base was used to classify and group these
identified proteins and match the correspond-
ing pathway.

We applied the most widely used hypergeomet-
ric test to explain the concepts of COG analy-
sis/KEGG pathway analysis. Used COG analysis
as an example. With respect to a background
set of genes (COG database), the following n
denoted as the number of genes in our study
and m was the number of genes in the back-
ground COG database (http://www.geneontol-
ogy.org/). Further, let nt and mt be the number
of genes annotated to a term in the study set
and the background database respectively. The
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Figure 1. COG (Cluster of Orthologous Groups) function classification analysis. PIE chart showed the results of COG

analysis.

Table 1. The most important metabolism and signal transduction pathways in the development of ESCC

Genes Patway

Pathway Up-regulated Down-regulated
NO. ID
Focal Adhesion S . . ECM caveolin Actinin Paxillin Parivin
17 ko04510 ECM ITGA ITGB Filamin Parvin Talin PAK Filamin MLcp MLC MLCK RAPL
Arginine and Proline metabolism 5 ko00330 PrcR1 PSCS GLSK GLNA P4HA1
ECM-receptor interaction 9 ko04512 laminin THBS Tenascin Collagen Agrin. vitronectin VWF collagen Agrin
DNA replication 12 ko03030 SSB MCM2-7 RFA1 RFA2/4 RPA3 PCNA FEN1

Complement and coagulation cascades 9

ko04610  F5 SERPINA1 PLAU SERPINF2 C4 CIS CIR

A2M C1R

p-value p(t) represented the likelihood that a
term t meant as many genes as we had
observed in our list of genes was calculated as
following,

- DY

k=n (n)

This term of genes/function we studied was
reported as an enriched term/function based
on COG database if the p-value was below a
significance threshold of 0.05.
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Result
Differentially expressed proteins (DEPs)

The iTRAQ labeling of peptides derived from six
human ESCC tissues and paired adjacent normal
tissues. The tumor tissues were labeled as
115/118/121, respectively. Meanwhile, their nor-
mal tissues were labeled as 113/116/119,
respectively. A total of 342788 spectra were
obtained from the ESCC tissues and normal tis-
sues. Removing low score spectrum, there were
60041 unique spectra left and 4999 proteins
were matched. There were a total of 431 differen-
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Table 2. Cell communication and number of
changed proteins of cell signaling pathway in
ESCC

Signaling Pathway Different Proteins Pathway ID

Notch 12 ko04330
Wnt 64 ko04310
NF-KB 83 ko04064
Hedgenog 7 ko04340
TGF-B 35 ko04350

tially expressed proteins detected from six
samples: 262 were over-expressed and 169
were under-expressed.

COG functional analysis

All identified proteins were matched against
the Clusters of Orthologous Groups (COG) data-
base and classified into 23 categories (Figure
1). In this way, it was clearly known the function
of these proteins involved. It was found that the
top three functions were as follows: replication,
recombination and repair (accounting for
21.33%); lipid transport and metabolism
(accounting for 11.17%); signal transduction
mechanisms (accounting for 6.87%). Thus, the
dysfunctional proteins were mainly involved in
the metabolism and pathways during the devel-
opment of ESCC.

The most important metabolism and signal
transduction pathways

Through COG functional analysis, it was found
that the biochemical metabolic pathways and
signal transduction pathways played important
roles in the pathogenesis of ESCC. In this study,
there were 213 pathways matched for DEPs.
Then, the most important biochemical meta-
bolic pathways and signal transduction path-
ways of DEPs were determined by KEGG path-
way analysis with a high degree of confidence
(p-values <0.0001), which were shown in Table
1. It was found that there were only up-regulat-
ed DEPs in the process of Arginine and proline
metabolism and DNA replication. Moreover,
DNA replication, which is the process of con-
tinuous cell proliferation, was quite active. It
was consistent with the biological behavior of
the tumor. In addition, the protein of ECM
played an important role in Focal adhesion and
ECM-receptor interaction.

The Wnt signaling pathway

The biological process of cells are involved in
the physiological function such as cell prolifera-
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tion, cell differentiation, cell adhesion, cell
migration and cell apoptosis. The interaction
between cells is through the cell communica-
tion system. Cells communicate with each
other and respond to environmental conditions
through cell signal transduction pathways.
According to the cell communication system,
cell signal pathway could be divided into five
types including Notch signaling pathway, Wnt
signaling pathway, NF- kappa B signaling path-
way, Hedgehog signaling pathway, TGF-B signal-
ing pathway. These signaling pathways have
been well studied in multiple types of cancers.
The abnormality of these signaling pathways
can cause abnormal cell metabolism, which
would lead to various diseases such as cell dif-
ferentiation, development and tumor. The pro-
cess of carcinogenesis is the changes of genet-
ic material in normal cells. Tumor progression is
a continuum of dynamic molecular and cellular
changes.

The detailed information which altered in these
cell signaling pathways of ESCC was shown in
Table 2. The result revealed that the number of
abnormal proteins in the Wnt signaling pathway
was up to 64, ranked the second place of the
cell communication system. However, the role
of Wnt signaling pathway in ESCC has been lit-
tle reported.

Through the above analysis, it was found that
Wnt signaling pathway was very important dur-
ing the development of ESCC. Altered proteins
in the Wnt signaling pathway of ESCC were list-
ed in the KEGG diagram with pathway ID
ko04310 (Figure 2). Proteins in the red boxes
were DEPs. As shown in the diagram, it was
consisted of the canonical Wnt pathway, the
planar cell polarity pathway and the Wnt/Ca2+
pathway. There were 32 DEPs as compared to
adjacent non-malignant tissue. The number of
DEPs in the canonical Wnt pathway was up to
20, while the number of DEPs in the non-classi-
cal pathway was only 12 (shown in the Figure
2). In addition, it was found that Wnt signaling
pathway was a complex network of protein
interaction. It was influenced by many other
tumor-related pathways such as MAPK signal-
ing pathway, P53 signaling pathway, TGF-beta
pathway and other pathways. Furthermore, it
was associated with Cell cycle, Adherens junc-
tion and Focal adhesion. Therefore, Wnt signal-
ing pathway played a very important role in the
occurrence of ESCC.
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Figure 2. The Wnt signaling pathway in the development of ESCC. The proteins in red box were DEPs.

Discussion

ESCC is an upper digestive malignant tumor,
with the majority of cases diagnosed at an
advanced stage when treatments are not satis-
fied. When detected early, its survival rates are
over 90% [18]. Therefore, novel biomarkers are
needed to detect ESCC in its earliest stage.

In the study, there were 213 pathways matched
for DEPs. As shown in Table 1, DNA replication
was very important for the development of
ESCC and there were 12 DEPs including the
MCM complex (Mini-chromosome maintenance
proteins 2-7), PCNA (proliferating cell nuclear
antigen). But, all of them were not driving genes.
The expressions of MCM2-7 in ESCC tissues
were 1.9-2.6 times higher than in normal adja-
cent tissues. MCM2-7 as DNA replication
licensing factors were involved in the function
of Cell proliferation. MCM2-7 as the core of rep-
licative helicase cannot associate with DNA
under physiological conditions [19]. MCM2-7
was a critical process, and misleading of this
reaction could have fatal consequences for the
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cell [20]. The expression of PCNA in ESCC tis-
sues was 1.7 times higher than in normal
adjacent tissues. PCNA participated in DNA
replication and repair as well as interaction
with P21 regulating the cell cycle [21]. As we
know, DNA replication is a carefully designed
process that is central to genome integrity,
while misleading of DNA replication would
lead to genomic instability, disease or cancer.

The Wnt signaling pathway is a highly con-
served pathway. It plays key roles not only in
embryonic development but also in cancer
biology [22, 23]. Increased Wnt signaling
pathway has been involved in many different
human cancers [24, 27]. The clinical impor-
tance of this pathway has been demonstrated
by mutations that could lead to a variety of
diseases including breast cancer [24], pros-
tate cancer [28], glioblastoma [29], type Il dia-
betes [30] and other diseases. However, there
was little report about the WNT pathway in
ESCC. The Wnt signaling pathway could be
classified into three major types including the
canonical Wnt pathway, the planar cell polari-
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ty pathway and the Wnt/Ca2+ pathway [31].
The canonical Wnt signaling pathway also
named the Wnt/B-catenin pathway was consid-
ered as the most prevalent mechanism in the
development of cancer, and its activation was a
highly integrated process with complex multiple
steps involving in Wnt2, CK1, Axin, APC,
B-catenin, TCF, TAK1 and SMAD4. Wnt2, as a
member of DEPs, binded with the Fzd receptor
on the membrane to initiate the canonical Wnt
signaling pathway. CK1, Axin, APC and GSK-3j
formed a complex of Axin, priming -catenin for
further phosphorylation by GSK33 and subse-
quent degradation [32]. Stabilized B-catenin
translocated from membrane to nucleus and
activated the expression of TCF/LEF (T cell fac-
tor/lymphoid enhancing factor)-triggered target
genes [33]. TAK1 constituted a part of pro-
inflammatory, activating NF-kappa B and MAPK
pathways [34]. However, the study of them in
ESCC was little reported.

Signaling by the Wnt family is one of the funda-
mental mechanisms that direct cell prolifera-
tion, cell polarity and cell fate determination.
Wnt signaling pathway is a complex network of
protein interaction. In most cases, it does not
play a role independently. It is coordinated with
many other pathways such as Notch signaling
pathway, MAPK and P53 signaling pathway.
These signaling pathways are coordinated
through a large number of crosstalk. For exam-
ple, Wnt signaling pathway links NF-kappa B
pathway to MAPK pathway by the protein of
TAKL1. TGF-B signaling pathway is associated
with Wnt signaling pathway through the protein
of SMADA4. Therefore, in order to better under-
stand the role of Wnt signaling pathway of
ESCC, it is necessary to further study the cross-
talk between Wnt signaling pathway and other
signaling pathways.

Conclusion

In this study, the purpose was to find out which
pathways and processes were likely to be
involved in ESCC by KEGG pathway analysis. It
was found that the metabolism and signal
transduction pathways was the most important
process in ESCC. In addition, it was found that
Wnt signaling pathway played an important role
in the development of ESCC. However, there
was little reported research about the Wnt sig-
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naling pathway in ESCC. Pathway analysis can
help us easily find new therapeutic targets,
which could be used as diagnostic, predictive
and prognostic markers.

Acknowledgements

This study was supported by the grant from
“The National Natural Science Foundation of
China” (No. 81260308). And the Subject in the
First Affiliated Hospital of Xinjiang Medical
University, No: 2014ZRQN20. And the Open
Subject about Xinjiang Major Diseases of China,
No: SKLIB-XJMDR-2014-12.

Disclosure of conflict of interest
None.

Address correspondence to: Yuging Ma, Department
of Pathology, First Affiliated Hospital, Xinjiang
Medical University, Urumqi 830054, Xinjiang, China.
Tel: +86-130 7993 8941; E-mail: mayuqing-patho@
hotmail.com

References

[1]  Yaegashi Y, Onoda T, Morioka S, Hashimoto T,
Takeshita T, Sakata K and Tamakoshi A. Joint
effects of smoking and alcohol drinking on
esophageal cancer mortality in Japanese men:
findings from the Japan collaborative cohort
study. Asian Pac J Cancer Prev 2014; 15:
1023-1029.

[2] Trivers KF, Sabatino SA and Stewart SL. Trends
in esophageal cancer incidence by histology,
United States, 1998-2003. Int J Cancer 2008;
123: 1422-1428.

[3] Roshandel G, Majdzadeh R, Keshtkar A, Ar-
amesh K, Sedaghat SM and Semnani S.
Healthcare utilization in patients with esopha-
geal cancer in a high risk area in northeast of
Iran. Asian Pac J Cancer Prev 2011; 12: 2437-
2442,

[4] http://globocan.iarc.fr/Default.aspx.

[5] Jemal A, Bray F, Center MM, Ferlay J, Ward E
and Forman D. Global cancer statistics. CA
Cancer J Clin 2011; 61: 69-90.

[6] Napier KJ, Scheerer M and Misra S. Esopha-
geal cancer: A Review of epidemiology, patho-
genesis, staging workup and treatment mo-
dalities. World J Gastrointest Oncol 2014; 6:
112-120.

[71 Pennathur A, Gibson MK, Jobe BA and Luke-
tich JD. Oesophageal carcinoma. Lancet 2013;
381: 400-412.

[8] Pennathur A, Farkas A, Krasinskas AM, Ferson
PF, Gooding WE, Gibson MK, Schuchert MJ,

Int J Clin Exp Pathol 2016;9(10):10491-10498


mailto:mayuqing-patho@hotmail.com
mailto:mayuqing-patho@hotmail.com

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Pathway analysis of ESCC using iTRAQ

Landreneau RJ and Luketich JD. Esophagecto-
my for T1 esophageal cancer: outcomes in 100
patients and implications for endoscopic ther-
apy. Ann Thorac Surg 2009; 87: 1048-1054;
discussion 1054-1045.

Ross PL, Huang YN, Marchese JN, Williamson
B, Parker K, Hattan S, Khainovski N, Pillai S,
Dey S, Daniels S, Purkayastha S, Juhasz P,
Martin S, Bartlet-Jones M, He F, Jacobson A
and Pappin DJ. Multiplexed protein quantita-
tion in Saccharomyces cerevisiae using amine-
reactive isobaric tagging reagents. Mol Cell
Proteomics 2004; 3: 1154-1169.

Melanson JE, Avery SL and Pinto DM. High-
coverage quantitative proteomics using amine-
specific isotopic labeling. Proteomics 2006; 6:
4466-4474.

Calderon-Gonzalez KG, Valero Rustarazo ML,
Labra-Barrios ML, Bazan-Mendez Cl, Tavera-
Tapia A, Herrera-Aguirre M, Sanchez Del Pino
MM, Gallegos-Perez JL, Gonzalez-Marquez H,
Hernandez-Hernandez JM, Leon-Avila G, Rodri-
guez-Cuevas S, Guisa-Hohenstein F and Luna-
Arias JP. Data set of the protein expression
profiles of Luminal A, Claudin-low and overex-
pressing HER2 (+) breast cancer cell lines by
iTRAQ labelling and tandem mass spectrome-
try. Data Brief 2015; 4: 292-301.

Zhang Y, Cai Y, Yu H and Li H. iTRAQ-Based
Quantitative Proteomic Analysis Identified
HSC71 as a Novel Serum Biomarker for Renal
Cell Carcinoma. Biomed Res Int 2015; 2015:
802153.

Xiao H, Langerman A, Zhang Y, Khalid O, Hu S,
Cao CX, Lingen MW and Wong DT. Quantitative
proteomic analysis of microdissected oral epi-
thelium for cancer biomarker discovery. Oral
Oncol 2015; 51: 1011-1019.

Wei D, Zeng Y, Xing X, Liu H, Lin M, Han X, Liu X
and Liu J. Proteome Differences between Hep-
atitis B Virus Genotype-B- and Genotype-C-In-
duced Hepatocellular Carcinoma Revealed by
iTRAQ-Based Quantitative Proteomics. J Pro-
teome Res 2016; 15: 487-498.

Huang, Zhang X, Jiang W, Wang Y, Jin H, Liu X
and Xu C. Discovery of serum biomarkers im-
plicated in the onset and progression of serous
ovarian cancer in a rat model using iTRAQ
technique. Eur J Obstet Gynecol Reprod Biol
2012; 165: 96-103.

Paul D, Chanukuppa V, Reddy PJ, Taunk K, Ad-
hav R, Srivastava S, Santra MK and Rapole S.
Global proteomic profiling identifies etoposide
chemoresistance markers in non-small cell
lung carcinoma. J Proteomics 2016; 138: 95-
105.

Cai XZ, Zeng WQ, Xiang Y, Liu Y, Zhang HM, Li
H, She S, Yang M, Xia K and Peng SF. iTRAQ-
Based Quantitative Proteomic Analysis of Na-

10497

[20]

[21]

[22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]

sopharyngeal Carcinoma. J Cell Biochem
2015; 116: 1431-1441.

D’Journo XB and Thomas PA. Current manage-
ment of esophageal cancer. J Thorac Dis 2014;
6 Suppl 2: S253-264.

Remus D, Beuron F, Tolun G, Griffith JD, Morris
EP and Diffley JF. Concerted loading of Mcm2-
7 double hexamers around DNA during DNA
replication origin licensing. Cell 2009; 139:
719-730.

Blow JJ and Gillespie PJ. Replication licensing
and cancer-a fatal entanglement? Nat Rev
Cancer 2008; 8: 799-806.

Strzalka W and Ziemienowicz A. Proliferating
cell nuclear antigen (PCNA): a key factor in
DNA replication and cell cycle regulation. Ann
Bot 2011; 107: 1127-1140.

Behrens J and Lustig B. The Wnt connection to
tumorigenesis. Int J Dev Biol 2004; 48: 477-
487.

Polakis P. Wnt signaling in cancer. Cold Spring
Harb Perspect Biol 2012; 4.

Lamb R, Ablett MP, Spence K, Landberg G,
Sims AH and Clarke RB. Wnt pathway activity
in breast cancer sub-types and stem-like cells.
PL0S One 2013; 8: e67811.

Uysal-Onganer P, Kawano Y, Caro M, Walker
MM, Diez S, Darrington RS, Waxman J and
Kypta RM. Wnt-11 promotes neuroendocrine-
like differentiation, survival and migration of
prostate cancer cells. Mol Cancer 2010; 9: 55.
Voloshanenko O, Erdmann G, Dubash TD, Au-
gustin |, Metzig M, Moffa G, Hundsrucker C,
Kerr G, Sandmann T, Anchang B, Demir K,
Boehm C, Leible S, Ball CR, Glimm H, Spang R
and Boutros M. Wnt secretion is required to
maintain high levels of Wnt activity in colon
cancer cells. Nat Commun 2013; 4: 2610.
Keerthivasan S, Aghajani K, Dose M, Molinero
L, Khan MW, Venkateswaran V, Weber C, Em-
manuel AO, Sun T, Bentrem DJ, Mulcahy M,
Keshavarzian A, Ramos EM, Blatner N, Khazaie
K and Gounari F. beta-Catenin promotes colitis
and colon cancer through imprinting of proin-
flammatory properties in T cells. Sci Transl
Med 2014; 6: 225ra228.

Wang Q, Symes AJ, Kane CA, Freeman A, Naric-
ulam J, Munson P, Thrasivoulou C, Masters JR
and Ahmed A. A novel role for Wnt/Ca2+ sig-
naling in actin cytoskeleton remodeling and
cell motility in prostate cancer. PLoS One
2010; 5: e10456.

Rheinbay E, Suva ML, Gillespie SM, Wakimoto
H, Patel AP, Shahid M, Oksuz O, Rabkin SD,
Martuza RL, Rivera MN, Louis DN, Kasif S, Chi
AS and Bernstein BE. An aberrant transcription
factor network essential for Wnt signaling and
stem cell maintenance in glioblastoma. Cell
Rep 2013; 3: 1567-1579.

Int J Clin Exp Pathol 2016;9(10):10491-10498



(30]

(31]

[32]

Pathway analysis of ESCC using iTRAQ

Wang J, Zhao J, Zhang J, Luo X, Gao K, Zhang
M, Li L, Wang C and Hu D. Association of Ca-
nonical Wnt/beta-Catenin Pathway and Type 2
Diabetes: Genetic Epidemiological Study in
Han Chinese. Nutrients 2015; 7: 4763-4777.
Widelitz R. Wnt signaling through canonical
and non-canonical pathways: recent progress.
Growth Factors 2005; 23: 111-116.

Cheong JK and Virshup DM. Casein kinase 1:
Complexity in the family. Int J Biochem Cell Biol
2011; 43: 465-469.

10498

(33]

(34]

Logan CY and Nusse R. The Wnt signaling
pathway in development and disease. Annu
Rev Cell Dev Biol 2004; 20: 781-810.

Dai L, Aye Thu C, Liu XY, Xi J and Cheung PC.
TAK1, more than just innate immunity. IUBMB
Life 2012; 64: 825-834.

Int J Clin Exp Pathol 2016;9(10):10491-10498



