
World Journal of 
Gastroenterology
World J Gastroenterol  2017 September 7; 23(33): 6009-6196

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

Published by Baishideng Publishing Group Inc



S

EDITORIAL

6009	 Helminths as an alternative therapy for intestinal diseases

Sipahi AM, Baptista DM

REVIEW

6016	 Dextran sodium sulfate colitis murine model: An indispensable tool for advancing our understanding of 

inflammatory bowel diseases pathogenesis

Eichele DD, Kharbanda KK

6030	 Autoimmune hepatitis: Standard treatment and systematic review of alternative treatments

Terziroli Beretta-Piccoli B, Mieli-Vergani G, Vergani D

MINIREVIEWS

6049	 Colorectal cancer, screening and primary care: A mini literature review

Hadjipetrou A, Anyfantakis D, Galanakis CG, Kastanakis M, Kastanakis S

6059	 Behavioral gastroenterology: An emerging system and new frontier of action

Jia L, Jiang SM, Liu J

ORIGINAL ARTICLE

Basic Study

6065	 Pharmacological evaluation of NSAID-induced gastropathy as a "Translatable" model of referred visceral 

hypersensitivity

Hummel M, Knappenberger T, Reilly M, Whiteside GT

6077	 High yield reproducible rat model recapitulating human Barrett’s carcinogenesis

Matsui D, Omstead AN, Kosovec JE, Komatsu Y, Lloyd EJ, Raphael H, Kelly RJ, Zaidi AH, Jobe BA

6088	 Changes in expression of inhibitory substances in the intramural neurons of the stomach following 

streptozotocin- induced diabetes in the pig

Bulc M, Palus K, Zielonka L, Gajęcka M, Całka J

6100	 HOX transcript antisense intergenic RNA represses E-cadherin expression by binding to EZH2 in gastric 

cancer

Chen WM, Chen WD, Jiang XM, Jia XF, Wang HM, Zhang QJ, Shu YQ, Zhao HB

Contents Weekly  Volume 23  Number 33  September 7, 2017

� September 7, 2017|Volume 23|Issue 33|WJG|www.wjgnet.com



Contents
World Journal of Gastroenterology

Volume 23  Number 33  September 7, 2017

6111	 Ca2+/calmodulin-dependent protein kinase Ⅱ regulates colon cancer proliferation and migration via  

ERK1/2 and p38 pathways

Chen W, An P, Quan XJ, Zhang J, Zhou ZY, Zou LP, Luo HS

6119	 Aberrant DNA-PKcs and ERGIC1 expression may be involved in initiation of gastric cancer

Wang FR, Wei YC, Han ZJ, He WT, Guan XY, Chen H, Li YM

Retrospective Cohort Study

6128	 Real world treatment patterns of gastrointestinal neuroendocrine tumors: A claims database analysis

Benson III AB, Broder MS, Cai B, Chang E, Neary MP, Papoyan E

Retrospective Study

6137	 Patients with inflammatory bowel disease have increased risk of autoimmune and inflammatory diseases

Halling ML, Kjeldsen J, Knudsen T, Nielsen J, Koch-Hansen L

6147	 Suspicious brush cytology is an indication for liver transplantation evaluation in primary sclerosing 

cholangitis

Boyd S, Vannas M, Jokelainen K, Isoniemi H, Mäkisalo H, Färkkilä MA, Arola J

6155	 Management of gastric mucosa-associated lymphoid tissue lymphoma in patients with extra copies of the 

MALT1 gene

Iwamuro M, Takenaka R, Nakagawa M, Moritou Y, Saito S, Hori S, Inaba T, Kawai Y, Toyokawa T, Tanaka T, Yoshino T, 

Okada H

6164	 Ketogenic diet poses a significant effect on imbalanced gut microbiota in infants with refractory epilepsy

Xie G, Zhou Q, Qiu CZ, Dai WK, Wang HP, Li YH, Liao JX, Lu XG, Lin SF, Ye JH, Ma ZY, Wang WJ

Observational Study

6172	 Definition of colorectal anastomotic leakage: A consensus survey among Dutch and Chinese colorectal 

surgeons

van Rooijen SJ, Jongen ACHM, Wu ZQ, Ji JF, Slooter GD, Roumen RMH, Bouvy ND

CASE REPORT

6181	 How to treat intestinal obstruction due to malignant recurrence after Whipple’s resection for pancreatic head 

cancer: Description of 2 new endoscopic techniques

Mouradides C, Taha A, Borbath I, Deprez PH, Moreels TG

6187	 Arterioportal shunt incidental to treatment with oxaliplatin that mimics recurrent gastric cancer

Kim HB, Park SG

II September 7, 2017|Volume 23|Issue 33|WJG|www.wjgnet.com



Contents
World Journal of Gastroenterology

Volume 23  Number 33  September 7, 2017

LETTERS TO THE EDITOR

6194	 Comment on “Effect of biofilm formation by clinical isolates of Helicobacter pylori  on the efflux-mediated 

resistance to commonly used antibiotics”

Kazakos EI, Dorrell N, Polyzos SA, Deretzi G, Kountouras J

III September 7, 2017|Volume 23|Issue 33|WJG|www.wjgnet.com



IV September 7, 2017|Volume 23|Issue 33|WJG|www.wjgnet.com

NAME OF JOURNAL 
World Journal of  Gastroenterology

ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF
Damian Garcia-Olmo, MD, PhD, Doctor, Profes-
sor, Surgeon, Department of  Surgery, Universidad 
Autonoma de Madrid; Department of  General Sur-
gery, Fundacion Jimenez Diaz University Hospital, 
Madrid 28040, Spain

Stephen C Strom, PhD, Professor, Department of  
Laboratory Medicine, Division of  Pathology, Karo-
linska Institutet, Stockholm 141-86, Sweden

Andrzej S Tarnawski, MD, PhD, DSc (Med), 
Professor of  Medicine, Chief Gastroenterology, VA 
Long Beach Health Care System, University of  Cali-
fornia, Irvine, CA, 5901 E. Seventh Str., Long Beach, 

CA 90822, United States

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wjgnet.com/1007-9327/editorialboard.htm

EDITORIAL OFFICE
Jin-Lei Wang, Director
Yuan Qi, Vice Director
Ze-Mao Gong, Vice Director
World Journal of  Gastroenterology
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk

Contents

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li                      Responsible Science Editor: Li-Juan Wei
Responsible Electronic Editor: Yan Huang	       Proofing Editorial Office Director: Jin-Lei Wang
Proofing Editor-in-Chief: Lian-Sheng Ma

http://www.wjgnet.com

PUBLICATION DATE
September 7, 2017

COPYRIGHT
© 2017 Baishideng Publishing Group Inc. Articles pub-
lished by this Open-Access journal are distributed under 
the terms of  the Creative Commons Attribution Non-
commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non commercial and is 
otherwise in compliance with the license.

SPECIAL STATEMENT
All articles published in journals owned by the Baishideng 
Publishing Group (BPG) represent the views and opin-
ions of  their authors, and not the views, opinions or 
policies of  the BPG, except where otherwise explicitly 
indicated.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/bpg/gerinfo/204

ONLINE SUBMISSION
http://www.f6publishing.com

World Journal of Gastroenterology
Volume 23  Number 33  September 7, 2017

Editorial Board Member of World Journal of Gastroenterology, Mostafa Sira, 
MD, Associate Professor of Pediatric Hepatology, Gastroenterology and Nutri-
tion, National Liver Institute, Menofiya University, Menofiya 32511, Egypt

World Journal of  Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online 
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was estab-
lished on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month. 
The WJG Editorial Board consists of  1375 experts in gastroenterology and hepatology 
from 68 countries.
    The primary task of  WJG is to rapidly publish high-quality original articles, reviews, 
and commentaries in the fields of  gastroenterology, hepatology, gastrointestinal endos-
copy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastroin-
testinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional ther-
apy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal 
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterol-
ogy, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biol-
ogy, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics, 
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal 
therapeutics. WJG is dedicated to become an influential and prestigious journal in gas-
troenterology and hepatology, to promote the development of  above disciplines, and to 
improve the diagnostic and therapeutic skill and expertise of  clinicians.

World Journal of  Gastroenterology (WJG) is now indexed in Current Contents®/Clinical Medicine, 
Science Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index 
Medicus, MEDLINE, PubMed, PubMed Central and Directory of  Open Access Journals. The 
2017 edition of  Journal Citation Reports® cites the 2016 impact factor for WJG as 3.365 (5-year 
impact factor: 3.176), ranking WJG as 29th among 79 journals in gastroenterology and hepatol-
ogy (quartile in category Q2). 

I-IX	  Editorial Board

ABOUT COVER

INDEXING/ABSTRACTING

AIMS AND SCOPE

FLYLEAF



Fu-rong Wang, Yu-min Li, School of Life Sciences, Lanzhou 
University, Lanzhou 730000, Gansu Province, China

Fu-rong Wang, Xiao-ying Guan, Department of Pathology, 
Second Hospital of Lanzhou University, Lanzhou 730000, Gansu 
Province, China

Zhi-jian Han, Wen-ting He, The Key Laboratory of the 
Digestive System Tumors of Gansu Province, Second Hospital of 
Lanzhou University, Lanzhou 730000, Gansu Province, China

Yu-cai Wei, Hao Chen, Yu-min Li, Department of General 
Surgery, Second Hospital of Lanzhou University, Lanzhou 
730000, Gansu Province, China

Author contributions: Wang FR and Wei YC contributed 
equally to this study; Wang FR, Wei YC and Li YM designed 
the research; Wang FR, Wei YC, Han ZJ , He WT and Guan XY 
performed the research; Han ZJ and He WT contributed new 
reagents or analytic tools; Wang FR and Guan XY analyzed the 
data; Wang FR, Wei YC and Li YM wrote the paper. 

Supported by National Natural Science Foundation of China, 
No. 31270532 and No. 81670594.

Institutional review board statement:  This study was 
approved by the Second Hospital of Lanzhou University.

Informed consent statement: All specimens from the patients 
were taken after informed consent and ethical permission were 
obtained for participation in the study.

Conflict-of-interest statement: To the best of our knowledge, 
no conflict of interest exists.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 

the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Dr. Yu-min Li, Professor, Department 
of General Surgery, Second Hospital of Lanzhou University, 82 
Cuiyingmen, Lanzhou 730000, Gansu Province, 
China. liym@lzu.edu.cn
Telephone: +86-13893615421
Fax: +86-931-8942744

Received: March 30, 2017
Peer-review started: April 8, 2017
First decision: May 12, 2017
Revised: June 14, 2017
Accepted: August 1, 2017
Article in press: August 2, 2017
Published online: September 7, 2017

Abstract
AIM
To investigate the molecular mechanisms of gastric 
carcinogenesis.

METHODS
We used label-free quantification technology integrated 
with liquid chromatography-tandem mass spectrometry 
(LC-MS/MS) analysis to identify differentially expressed 
proteins in 160 specimens of normal gastric mucosa, 
gastric mucosa with mild dysplasia, moderate dysplasia, 
severe dysplasia, and early mucosal gastric cancer (GC) 
collected at the Second Hospital of Lanzhou University 
from 2010 to 2015. Immunohistochemistry was used to 
verify the differentially expressed proteins detected by 
LC-MS/MS.

RESULTS
With a threshold of a 1.2-fold change and a p -value 
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< 0.05 between mild dysplasia, moderate dysplasia, 
severe dysplasia or early mucosal GC and matched 
normal gastric mucosa tissues, proteomic analysis 
identified 365 significantly differentially expressed 
proteins. ERGIC1 expression decreased, while DNA-
PKcs expression increased gradually along with diff
erent stages of GC initiation based on the tendency of 
fold change. The expression patterns of ERGIC1 and 
DNA-PKcs revealed by immunohistochemistry were con
sistent with the LC-MS/MS results.

CONCLUSION
The results suggest that aberrant ERGIC1 and DNA-
PKcs expression may be involved in GC initiation.

Key words: DNA-PKcs; ERGIC1; dysplasia; proteomics; 
gastric cancer

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Using label-free combined with liquid chro
matography-tandem mass spectrometry (LC-MS/MS), 
the expression of 365 proteins based on the tendency 
of fold change was revealed to be statistically different 
between the various stages of gastric cancer (GC) 
initiation. Furthermore, we observed that ERGIC1 
expression decreased, while DNA-PKcs expression 
increased gradually along with different stages of GC 
initiation based on the tendency of fold change. The 
expression patterns of ERGIC1 and DNA-PKcs revealed 
by immunohistochemistry were consistent with the 
LC-MS/MS results. These data indicate that abnor
mal ERGIC1 and DNA-PKcs expression may play an 
important role in GC initiation.

Wang FR, Wei YC, Han ZJ, He WT, Guan XY, Chen H, Li YM. 
Aberrant DNA-PKcs and ERGIC1 expression may be involved 
in initiation of gastric cancer. World J Gastroenterol 2017; 
23(33): 6119-6127  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i33/6119.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i33.6119

INTRODUCTION
Gastric cancer (GC) accounts for a large quantity 
of cancer-related deaths[1]. Over the decades, the 
prognosis of GC patients has improved, while overall 
survival rate of patients with GC has not been 
improved significantly yet, especially for advanced 
GC patients[2-4], which might be attributed to the 
poor understanding of mechanisms underlying the 
initiation and progression of GC. It is widely accepted 
that GC is a complex, heterogeneous, and multistep 
disease caused by various factors encompassing 
Helicobacter pylori infection, heredity, living habits, 
etc., which trigger series of molecular alterations, such 
as inactivation of tumor suppressor genes, activation 

of oncogenes, telomerase activation, DNA damage and 
even genome instability[5-8]. DNA-PKcs is the catalytic 
subunit of the DNA-dependent protein kinase and can 
combine with the Ku 70/Ku 80 heterodimer (Ku 70/80) 
into the DNA-dependent protein kinase (DNA-PK), 
which plays a crucial role in the activation of the non-
homologous end joining (NHEJ) pathway[9,10]. Moreover, 
ERGIC1 has been identified as a cycling protein and 
participates in membrane trafficking and selective 
transport of cargo between the endoplasmic reticulum 
(ER), the intermediate compartment (ERGIC), and the 
Golgi apparatus in HepG2 cells, suggesting a possible 
role in protein secretion out of the ER[11].

Currently, high-throughput sequencing technolo
gies, such as microarray assay and next-generation 
sequencing, have helped researchers obtain much 
more insight into molecular alterations[12]. These new 
tools have given a huge impetus to the discovery of 
novel intracellular molecular pathways and molecular 
subtypes of GC. For instance, some researchers 
have recommended that GC should be classified into 
Epstein-Barr virus-positive subtype, microsatellite 
instability subtype, genomically stable subtype, and 
chromosomally unstable subtype on the basis of the 
spectra of genetic alterations related with relevant 
clinical features, which is a totally new classification 
method[7,12].

However, it has been reported that GC is cha
racterized by subtype heterogeneity and a lack 
of consistent genomic alterations across different 
individuals[13]. Furthermore, due to different translation 
regulation, posttranslational modifications and stability 
of proteins, genetic conditions cannot always provide 
reliable protein expression patterns, suggesting that 
it may be not sufficient to take advantage of the gene 
sequence-targeted tools to explore the molecular 
mechanisms underlying the GC initiation and pro
gression[14]. Thus, proteomics has been thrust into 
the spotlight for its accurate and direct presentation 
of protein expression patterns that can provide 
much more information about the cellular function or 
dysfunction compared with genetic analysis[15]. It has 
been widely accepted that GC initiation can be divided 
into five stages including normal gastric mucosa, 
atrophic gastritis with mild dysplasia, atrophic gastritis 
with moderate dysplasia, atrophic gastritis with 
severe dysplasia, and mucosal GC. To date, abnormal 
expression of many proteins has been reported to be 
involved in GC carcinogenesis in several GC proteomic 
studies[12]. However, all of the previous studies only 
focused on identifying the differences between nor
mal gastric epithelial tissues and GC rather than 
investigating the differences of protein among mild 
dysplasia, moderate dysplasia, severe dysplasia, and 
mucosal GC, which may contribute to more accurate 
insight into the molecular mechanisms underlying GC 
initiation. Thus, in this study we collected specimens 
of normal gastric mucosa, gastric mucosa with mild 
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buffer A (0.1% formic acid) and separated with a 
linear gradient of buffer B (84% acetonitrile and 0.1% 
Formic acid) at a flow rate of 300 NL/min controlled by 
IntelliFlow technology (one hour gradient: 0%-35% 
buffer B for 50 min, 35%-100% buffer B for 5 min, 
and held in 100% buffer B for 5 min).

LC-MS/MS analysis was performed on a Q Exactive 
mass spectrometer (Thermo Scientific) that was 
coupled to Easy nLC (Proxeon Biosystems, now 
Thermo Fisher Scientific) for 120 min. The mass 
spectrometer was operated in positive ion mode. MS 
data were acquired using a data-dependent top10 
method that dynamically chooses the most abundant 
precursor ions from the survey scan (300-1800 
m/z) for high energy collision dissociation (HCD) 
fragmentation. Automatic gain control target was set 
at 3 × 106, and maximum inject time set at 10 ms. 
Dynamic exclusion duration was 40.0 s. Survey scans 
were acquired at a resolution of 70000 at m/z 200. 
The resolution for HCD spectra was set at 17500 at 
m/z 200, and isolation width was 2 m/z. Normalized 
collision energy was 30 eV and the underfill ratio, 
which specifies the minimum percentage of the target 
value likely to be reached at maximum fill time, was 
defined as 0.1%. The instrument was run with peptide 
recognition mode enabled (Figure 2).

Data analysis: The MS data were analyzed using 
MaxQuant software version 1.3.0.5 (Max Planck 
Institute of Biochemistry in Martinsried, Germany). 

Immunohistochemistry
Primary antibodies were used in this study as 
follows: mouse monoclonal anti-human DNA-PKcs 
(GR190339-3; Abcam, Cambridge, United Kingdom) 
and anti-human ERGIC1 (GR104221-6; Anbobio, San 
Francisco, CA, the United States). The anti-human 
DNA-PKcs antibody was diluted 1:400, and the anti-
human ERGIC1 antibody diluted 1:3500. The paraffin 
sections were mounted on slides, dewaxed in xylene, 
and sequentially dehydrated in 100%, 95% and 85% 
ethanol. The sections were stained using the PV-6000 
Polymer Detection System (Zhongshan Goldenbridge, 
Beijing, China). Initially, endogenous peroxidase 
was blocked using 3% H2O2. After the sections were 
incubated with the primary antibody overnight at 4 ℃, 
they were washed with PBS and then incubated with 
polymer helper for 30 min and poly peroxidase-anti-
mouse/rabbit IgG for 30 min. After that, the sections 
were washed with PBS, and then incubated with 
3,3-diaminobenzidine (DAB, Zhongshan Goldenbridge). 
The sections incubated with PBS without primary 
antibodies were used as negative controls. Finally, the 
sections were counterstained with hematoxylin and 
examined under a light microscope. The cells that were 
stained a yellow or brown color in the nucleus and/or 
cytoplasm were defined as positive. Five randomly 
selected fields per section were analyzed. In a ran

Filter-aided sample preparation (FASP digestion): 
A total of 100 µg proteins for each sample were added 
into 30 μL SDT buffer (4% SDS, 100 mmol/L DTT, 150 
mmol/L Tris-HCl, pH 8.0). The detergent, DTT and 
other low-molecular-weight components were removed 
using UA buffer (8 mol/L urea, 150 mmol/L Tris-HCl 
pH 8.0) by repeated ultrafiltration (Microcon units, 10 
kDa). Then, 100 μL of iodoacetamide (100 mmol/L 
IAA in UA buffer) was added to block reduced cysteine 
residues and the samples were incubated for 30 min 
in darkness. The filters were washed with 100 μL of 
UA buffer three times and then 100 μL of 25 mmol/L 
NH4HCO3 buffer twice. Finally, the protein suspensions 
were digested with 4 μg of trypsin (Promega) in 
40 μL of 25 mmol/L NH4HCO3 buffer overnight at 
37 ℃, and the resulting peptides were collected as a 
filtrate. The peptides of each sample were desalted 
on C18 Cartridges (Empore SPE Cartridges C18 
(standard density), bed I.D. 7 mm, volume 3 mL, 
Sigma), concentrated by vacuum centrifugation, and 
reconstituted in 40 µL of 0.1% (v/v) formic acid. The 
peptide content was estimated by UV light spectral 
density at 280 nm using an extinction coefficient of 
1.1 of 0.1% (g/L) solution that was calculated on the 
basis of the frequency of tryptophan and tyrosine in 
vertebrate proteins.

Mass spectrometry: Each fraction was injected for 
nanoLC-MS/MS analysis. The peptide mixture was 
loaded onto a reverse phase trap column (Thermo 
Scientific Acclaim PepMap100, 100 μm × 2 cm, 
nanoViper C18) connected to a C18-reversed phase 
analytical column (Thermo Scientific Easy Column, 
10 cm long, 75 μm inner diameter, 3 μm resin) in 

Protein extraction

SDS-PAGE separation

FASP digestion

LC-MS/MS
(C-HPLC    OE)

Marquant (LFQ)

Differential proteins 
analysis

1                    2                    3                   4                    5

Figure 2  Outline of proteomic experimental workflow. SDS-PAGE: Sodium 
dodecyl sulfate polyacrylamide gel electrophoresis; C-HPLC: Capillary-
high performance liquid chromatography; QE: Q-exactive; LFQ: Label free 
quantitative.
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domly selected field from representative areas, the 
immunoreactive cells among 100 cells were assessed 
and quantified by percentage. Then, the average 
percentage of the five fields was used to assess the 
area of immunostaining (0 = 0%-5%; 1 = 6%-25%; 
2 = 26%-50%; 3 =51%-75%; 4 = 76%-100%). In 
addition, the intensity of immunostaining was also 
semi-quantitatively assessed (0 = negative, 1 = 
weak, 2 = moderate, 3 = intense). Then, the scores 
from the ‘‘area × intensity’’ were calculated and used 
to describe the overall staining intensity that semi-
quantitatively reflects the overall expression levels of 
proteins. The overall staining intensity was scored as 
follows: negative (-): 0-2; mild (+): 3-5; moderate 
(++): 6-8; and strong (+++): 9-12. All the sections 
were assessed and scored by two pathologists who 
were blinded to the clinical data of the patients.

Statistical analysis
All the data are expressed as mean ± SD or per
centage. The χ 2 test (SPSS v.16.0 for Windows; SPSS, 
Inc, Chicago, IL, United States) was used to evaluate 
the difference between categorical variables. A P-value 
less than 0.05 was considered statistically significant.

RESULTS
Differentially expressed proteins detected by LC-MS/MS
To identify differentially expressed proteins in normal 
gastric mucosa, atrophic gastritis with mild dysplasia, 
atrophic gastritis with moderate dysplasia, atrophic 
gastritis with severe dysplasia, and early mucosal GC, 
we performed a study with label-free quantification 
technology integrated with LC-MS/MS. A total of 17443 
peptides matching 2807 proteins were identified 
from tissue analysis. The expression of a total of 365 
proteins, with a threshold of a 1.2-fold change and 
a P-value less than 0.05 between mild dysplasia, 
moderate dysplasia, severe dysplasia or early mucosal 
GC and matched normal gastric mucosa tissues, were 
considered to be statistically significantly different.

Aberrant expression of DNA-PKcs and ERGIC1 revealed 
by proteomic analysis
The fold changes in mild dysplasia, moderate dysplasia, 
severe dysplasia, and early mucosal GC compared to 
matched normal gastric mucosa tissues were 1.12, 
1.54, 1.6, and 2.3 for DNA-PKcs, and 1.18, 0.84, 0.73, 
and 0.46 for ERGIC1, respectively (Table 2). 

Aberrant expression of DNA-PKcs and ERGIC1 revealed 
by immunohistochemistry
In order to confirm the results of DNA-PKcs and 
ERGC1 from proteomic analysis, we further exa
mined the expression of DNA-PKcs and ERGC1 by 
immunohistochemistry. The strongly positive (+++) 
rates in normal gastric mucosa, mild dysplasia, mod
erate dysplasia, severe dysplasia, and early mucosal 
GC were 80% (24/30), 73% (22/30), 0% (0/30), 0% 
(0/30), and 0% (0/40), respectively, for ERGC1, and 
for DNA-PKcs the strongly positive (+++) staining was 
observed only in the sections of early mucosal GC. 
The moderately positive (++) rates in normal gastric 
mucosa, mild dysplasia, moderate dysplasia, severe 
dysplasia, and early mucosal GC were 6.6% (2/30), 
6.6% (3/30), 83% (25/30), 67% (20/30), and 10% 
(4/40), respectively, for ERGC1, and 0% (0/30), 0% 
(0/30), 76%(23/30), 83% (25/30), and 20% (6/30), 
respectively, for DNA-PKcs (Figures 3 and 4). The 
details on the rates of different-grade overall staining 
intensity are presented in Table 3.

In general, the average immunohistochemistry 
scores of the DNA-PKcs protein significantly increased, 
while those of ERGC1 protein significantly decreased 
along the sequence of normal gastric mucosa, mild 
dysplasia, moderate dysplasia, severe dysplasia, and 
early mucosal GC. 

DISCUSSION
Using label-free quantification technology combined 
with LC-MC/MC, the expression of 365 proteins based 
on the tendency of fold change was revealed to be 

Table 2  Results of DNA-PKcs and ERGIC1 from proteomic analysis

Protein ID Gene Protein Fold change

Mild/normal Moderate/normal Severe/normal Cancer/normal
P78527 PRKDC DNA-dependent protein kinase catalytic subunit 1.12 1.54 1.60 2.30
Q969X5 ERGIC1 Endoplasmic reticulum-Golgi intermediate compartment protein 1 1.18 0.84 0.73 0.46

Table 3  Results of DNA-PKcs and ERGIC1 from immunohistochemistry

Group n DNA-PKcs n ERGIC1

- + ++ +++ - + ++ +++
Normal 30 12 18   0   0 30 2   2   2 24
Mild 30 14 16   0   0 30 2   3   3 22
Moderate 30   5   3 23   0 30 2   3 25   0
Severe 30   3   2 25   0 30 5   5 20   0
Cancer 30   0   2   6 22 40 9 27   4   0
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immunohistochemistry were consistent with the LC-MS/MS results.

Peer-review
The authors demonstrated that that ERGIC1 expression decreased, while DNA-
PKcs expression increased gradually along with different stages of GC initiation. 
A total of 160 specimens were enrolled in this study to identify differentially 
expressed proteins in normal gastric mucosa, gastric mucosa with mild 
dysplasia, moderate dysplasia, severe dysplasia, and early mucosal GC. These 
results are interesting and very valuable to verify the molecular mechanisms of 
GC carcinogenesis.
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