
optimized and certain differentially-expressed proteins 
were identified. The combined use of 2-DE and MS 
provides an effective approach to screen for potential 
tumor markers.
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INTRODUCTION
Gastr ic carcinoma is one of  the most common 
malignancies worldwide and is the first most common 
cause of  cancer-related death in China[1]. The main 
barrier for improving the survival rate is the lack of  
useful markers for early diagnosis. The cells' fate depends 
on which gene expresses and how much it expresses. 
When a cell malignantly transforms, its gene expression 
profile and their respective protein products may have 
changed. So it is necessary to isolate and identify genes 
and proteins that are differentially expressed in gastric 
cancer.

With the completion of  human genome project, 
the practice of  medicine was altered fundamentally, 
which includes the identification of  genes that are 
involved in the appearance, progression, and treatment 
of  cancer, the answers to what those specific genes do 
and how they interact in communication networks, and 
the roles played by their protein products in molecular 
pathways. However, in most cases, although studies of  
differential mRNA expression are informative, they do 
not always correlate with protein concentrations because 
proteins are often subject to proteolytic cleavage or 
posttranslational modifications (such as phosphorylation 
or glycosylation). Cancer biomarkers discovery strategies 
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Abstract
AIM: To isolate and identify differentially expressed 
proteins between cancer and normal tissues of gastric 
cancer by two-dimensional electrophoresis (2-DE) and 
matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF-MS).
METHODS: Soluble fraction proteins of gastric cancer 
tissues and paired normal tissues were separated 
by 2-DE. The differentially expressed proteins were 
selected and identified by MALDI-TOF-MS and database 
search.
RESULTS: 2-DE profiles with high resolution and 
reproducibility were obtained. Twenty-three protein 
spots were excised from sliver staining gel and 
digested in gel by trypsin, in which fifteen protein 
spots were identified successfully. Among the identified 
proteins, there were ten over-expressed and five 
under-expressed proteins in stomach cancer tissues 
compared with normal tissues.
CONCLUSION: In this study, the well-resolved, 
reproducible 2-DE patterns of human gastric cancer 
tissue and paired normal tissue were established and 
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that target expressed proteins are becoming increasingly 
popular because proteomic approaches can characterize 
the proteins, modified or unmodified, involved in cancer 
progression[2-6].

Recent years, proteomics analysis was has been applied 
in many kinds of  tumors, such as breast cancer[7-9], lung 
cancer[10,11], prostate cancer[12], liver cancer[13-15] and ovarian 
cancer[16], etc. In this study, we tried to find biomarkers 
in human gastric cancer tissue via proteomics as high 
throughput method. The results presented here will no 
doubt provide clues to further study of  the carcinogenic 
mechanisms, diagnosis, and therapy of  gastric cancer.

MATERIALS AND METHODS
Materials
Stomach cancer tissues were prepared from ten patients 
with gastric cancer (the clinical-pathological character-
istics are described in Table 1) in Ruijin Hospital. The 
paired normal gastric tissues were prepared from non 
cancerous regions at least 5 cm apart from primary 
tumor. Protean IEF Cell, Protean Plus Multi-Casting 
Chamber, PROTEAN Plus Dodeca Cell, Fluor-STM Mul-
timager, Immobilized pH gradient (IPG) strips, iodoacet-
amide, 40% w/v Bio-Lyte pH 3-10 Ampholyte, CHAPS, 
DTT, urea, acrylamide, N,N′-methylene-bis-acrylamide 
and RC DC Protein Assay Kit were purchased from Bio-
Rad (Richmond, CA, USA). Tris-base, TEMED and 
SDS were from Promega. Thiourea, DNase, ammonium 
persulfate and phenylmethyl-sulfonylfluoride (PMSF) 
were from Sigma-Aldrich (Missouri, USA). 4700 Pro-
teomics Analyzer was from ABI (USA).

Sample preparation
Proteins were extracted from human gastric tissue as 
instructed by the Ha[17] method. Gastric tissue (100 mg) 
was homogenized in 2 mL buffer (50 mmol/L Tris-HCl, 
pH 7.2) containing 1 mmol/L PMSF using an homog-
enizer at 26 000 r/min. The mixture was centrifuged at 
1000 g for 5 min to remove debris. Then, the homog-
enate was centrifuged at 20 000 r/min for 30 min at 4℃. 
The supernatant was taken as the soluble fraction and 
TCA (50% w/v) was added to a final concentration of  
10% w/v (containing 20 mmol/L DTT) and the solu-
tion was allowed to stand on ice for 30 min. The protein 
precipitate was collected and centrifuged in a micro-
centrifuge at 14 000 rpm for 10 min at 4℃, and washed 
three times in 10% TCA (containing 20 mmol/L DTT). 
The precipitate was washed twice in acetone (containing 
20 mmol/L DTT) and dried under an air stream. The 
dry pellet was dissolved with vortex in the lysis solution 
(7 mol/L urea, 2 mol/L thiourea, 2% w/v CHAPS, 2% 
w/v SB3-10, 40 mmol/L Tris, 2 mmol/L TBP, 0.2% 
w/v Bio-Lyte pH 3-10, 1050 U/mL DNase, 25 μg/mL 
RNase) and allowed to stand for 1 h at room tempera-
ture. After centrifugation at 14 000 r/min for 10 min at 
15℃, the supernatant was used as the two-dimensional 
polyacrylamide gel electrophoresis (2-DE) sample for 
the soluble fraction. The protein samples were stored 

in aliquots at -80℃ until use. Protein concentration of  
2-DE samples was determined using RC DC Protein As-
say kit.

2-DE
The first-dimensional gel separation was carried out with 
17 cm IPG strips (pH 3-10, pH 4-7, pH 5-8) following 
the manufacturers’ protocol with minor modifications. 
Samples containing up to 100 μg protein were diluted to 
320 μL with rehydration solution (7 mol/L urea, 2 mol/
L thiourea, 2% CHAPS, 100 mmol/L DTT, 0.2% w/v 
Bio-Lyte pH 3-10, trace bromophenol blue), and applied 
to strips by overnight rehydration at 50 V. Proteins were 
focused succeedingly for 1 h at 150 V, 1 h at 250 V, 1 h at 
1000 V, then a gradient was applied from 1000 to 10 000 
V in 5 h, and focusing was continued at 10 000 V for 6 h  
to give a total of  88 kVh on a Protean IEF Cell. After 
IEF, strips were equilibrated for 15 min in 6 mol/L urea, 
2% SDS, 0.05 mol/L Tris-HCl, pH 8.8, and 30% glyc-
erol containing 2% DTT, and then equilibrated again 
for 15 min in the same buffer containing 2.5% iodoacet-
amide. Equilibrated IPG strips were transferred onto 
12% uniform polyacrylamide gels and then were run 
in Protean Plus Dodeca Cell (Bio-Rad, USA) at 24 mA 
per gel for 5 h and 30 min. The gels were visualized us-
ing silver staining method. After staining, 2D gels were 
scanned using Fluor-STM Multimager (Bio-Rad, USA) and 
images were analyzed using PDQuest 7.1.1 (Bio-Rad,  
USA).

In-gel digestion of proteins
Protein spots of  interest were cut manually from the gel 
and placed into siliconized microcentrifuge tubes. The gel 
fragments were destained in solution that consisted of   
100 mmol/L Na2S2O3 and 30 mmol/L K3Fe(CN)6 (V/
V, 1:1) and dehydrated by washing two times for 10-15 
min with 25 mmol/L NH4HCO3 in 50% acetonitrile 
until shrunken and white. The protein-containing gel-
spots were reduced in the reduction buffer (25 mmol/L 
NH4HCO3 and 10 mmol/L DTT) for 1 h at 56℃ and 
then alkylated in the alkylation buffer (25 mmol/L 
NH4HCO3 and 55 mmol/L iodoacetamide) in the dark for 
30 min at room temperature. The gel pieces were washed 
twice with 100 mmol/L NH4HCO3 and dehydrated 

Table 1  Clinical-pathological characters of 10 gastric cancer 
patients

Age Sex Cell type Stage Bommann type

51 M Moderate T3N1M0 Ⅱ
68 M Moderate T3N1M1 Ⅲ
53 M Poor with signet ring T3N3M0 Ⅱ
49 F Poor T3N1M0 Ⅱ
75 F Moderate T3N1M0 Ⅰ
40 M Poor T3N2M0 Ⅲ
62 M Poor with signet ring T3N1M0 Ⅱ
74 M Poor with signet ring T3N1M0 Ⅱ
78 M Poor with signet ring T3N1M0 Ⅲ
67 F Poor T3N2M0 Ⅲ
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by 100% acetonitrile. Ten microliters modified trypsin  
(8 μg/mL) was added to each tube. Tubes were sealed 
with parafilm and digestion was performed for 16 h 
at 30℃. When digestion was completed, 100 μL of   
100 mmol/L NH4HCO3 was added and tubes were 
sonicated for 10 min. The supernatant was removed 
from each tube and transferred into a fresh tube. 
Further recovery of  the peptides was accomplished 
by two extractions with 50% acetonitrile/5% TFA. All 
supernatants were pooled and concentrated and desalted 
by ZIPTIPS (Millipore, USA) prior to applying on to the 
sample plate.

MALDI-TOF MS and database search
A small fraction (0.5 μL) of  the sample was mixed with 
a-cyano-4-hydroxycinnamic acid matrix (1:1, v/v) and 
the mixture solution was then spotted on the plate and 
dried, then analyzed on a 4700 MALDI-TOF-TOF mass 
spectrometer (Applied Biosystems, USA). The laser 
wavelength was 355 nm, and the laser repetition rate was 
200 Hz. External calibration was employed. Samples 
that did not get positive identification by MALDI were 
subjected to MALDI-TOF-TOF-MS using a 4700 
Proteomics Analyzer equipped with a special analysis 
software GPS and local databases. The following 
parameters were used in the searches: SWISS-PROT was 

used as the protein sequence database; trypsin digest (one 
missed cleavage allowed); mass accuracy 0.2 Da; species: 
Homo sapiens; acetylation of  the N-terminus, alkylation 
of  cysteine by carbamidomethylation and oxidation of  
methionine were considered as possible modifications.

RESULTS
Overview 2-DE maps of human gastric tissue
Resolution and reproducibility of  2-DE have been 
improved significantly since the introduction of  IPG 
strips[18,19]. However, it is still a time-consuming and 
laborious job. In this study, we firstly separate the 
soluble proteins of  human gastric tissue in IPG strips 
with different pH intervals. All maps (Figure 1) were 
constructed on silver-stained gels with protein loadings 
of  100 μg. Proteins from normal and tumor tissues of  
stomach were separated in pH 3-10 IPG strips. After 
SDS-PAGE, about 850 protein spots could be detected 
(Figure 1A and B). While, about 670 protein spots 
could be detected which separated by pH 4-7 IPG strips 
(Figure 1C and D). The well-resolved, reproducible 
2-DE patterns of  human gastric cancer tissues and 
paired normal tissues were obtained with pH 5-8 
IPG strips (Figure 1E and F). About 1400 spots were 
detected, respectively, and about a total of  1100 spots 

pH 3			         pH 10 pH 3			         pH 10 pH 4			         pH 7

	        Normal				    Tumor				            Normal

pH 4			         pH 7 pH 5			         pH 8 pH 5			         pH 8

	        Tumor				                    Normal				         Tumor

A CB

D FE

Figure 1  2-DE maps of human gastric tissue separated by IPG with different pH intervals (silver staining). A and B: Normal and cancer tissues of stomach separated 
by pH 3-10 IPG strips; C and D: Normal and cancer tissues of stomach separated by pH 5-8 IPG strips; E and F: Normal and cancer tissues of stomach separated by 
pH 4-7 IPG strips.
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were matched each other. We got better resolution and 
more protein spots with pH 5-8 IPG strips; therefore, in 
the succeeding studies, we chose pH 5-8 IPG strips to 
analyze proteins of  human gastric tissues.

Comparing proteomic patterns of cancer tissue and 
normal tissue by 2-DE
After 2-DE, the differential proteins between human 
gastric cancer tissues and paired normal tissues were 
found by PDQuest 7.1.1 2-D gel analysis software (BIO-
RAD, USA). To compare 2-DE maps, it is important 
to have a representative sample. Hence, an average 
electrophoresis map of  human gastric cancer tissues 
was constructed by the combination of  the 2-DE maps 
from 10 tumor tissues with the PDQuest 7.1.1 2-DE gel 
analysis software. Similarly, an average electrophoresis 
map of  10 normal gastric tissues was also established. 
These average electrophoresis maps were used to perform 
the differential expression analysis. The differential 
protein spots with at least five-fold discrepancy, which 
were present in at least four paired tumor and normal 
tissues, were detected by comparing the 2-DE protein 

patterns of  the average gels of  tumor and control tissues. 
Figure 2 shows differentially expressed proteins of  N4, 
T8 between tumor and control tissues in four patients. 
Twenty three protein spots were selected to be identified 
by mass spectrometry (MS). Among these, 16 spots were 
over expressed and other 7 spots were under expressed in 
gastric cancer tissue.

Protein identification by MALDI-TOF MS or tandem MS
Fifteen proteins out of  the selected 23 proteins were 
identified successfully by MALDI-TOF MS or tandem 
MS (Figures 3 and 4) and there were ten over expressed 
and five under expressed proteins in stomach cancer 
tissues compared with normal tissues. The identified 
proteins are shown in Tables 2 and 3.

Proteins which were up-regulated in gastric cancer 
tissue includes: (1) transcriptional regulation proteins, 
such as zinc finger protein; (2) signal transduction 
regulator, such as regulator of  G-protein signaling 3 
(RGS3); (3) cancer-related proteins, such as ras-related 
protein; (4) cytoskeleton proteins, such as bullous 
pemphigoid antigen 1 isoforms 1/2/3/4/5/8; (5) tissue-

Table 2  Over-expressed proteins in human gastric cancer

Spot ID Protein name Accession number1 Top score Theoretic pI Theoretic Mr (Da)

T1 Bullous pemphigoid antigen1 isoforms 1/2/3/4/5/8 Q03001   85 6.38 371 977
T2 Ras-related protein Rab-30 Q15771   64 4.91   23 058
T3 Zinc finger protein 268 Q14587   57 9.14 108 373
T4 Calcium-binding protein CaBP5 Q9NP86   61 4.46   19 812
T5 RGS3 P49796   62 4.79   56 566
T61 MAGUK p55 subfamily member 3 Q13368   45 6.27   66 168
T7 Zinc finger protein 134 P52741   57 9.18   40 297
T81 Actin, alpha cardiac P04270 154 5.23   42 019
T9 Nebulin P20929   59 9.10 772 727
T10 Vacuolar protein sorting 33B Q9H267   54 6.29   70 570

1Accession number from SWISS-PROT database, identified by MALDI-TOF-TOF-MS.

Figure 2  Up-regulation of 
T8 (Zinc finger protein 134, 
indicated by vertical arrows) 
and down-regulation of N4 
(Bullous pemphigoid antigen 
1 isoforms 6/9/10, indicated 
by horizontal arrows) in 
gastric cancer tissue of four 
patients.

Normal		                Tomor Normal		                Tomor
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specific proteins, such as Calcium-binding protein 
CaBP5. Proteins which were down-regulated in gastric 
cancer tissue includes: (1) transcriptional regulation 
proteins, such as zinc finger protein and transcriptional 
repressor CTCFL; (2) cytoskeleton proteins, such as 
bullous pemphigoid antigen 1 isoforms 6/9/10; (3) 
metabolic enzymes, such as peroxiredoxin 2.

DISCUSSION
Genomics-based techniques, such as expressed sequence 

tag (EST) sequencing, serial analysis of  gene expression 
(SAGE)[20], cDNA expression array hybridization[21], 
were widely used to find out potential cancer biomarkers. 
However, a major limitation to these approaches is 
detection of  high levels of  mRNA transcripts of  a 
specific gene may not necessarily mean that high levels 
of  the corresponding protein product will be present. 
Now, proteomics-based techniques can help us find 
cancer-related biomarkers at the protein level.

In this study, we obtained ten over expressed proteins 
(Bullous pemphigoid antigen 1 isoforms 1/2/3/4/5/8, 

Table 3  Under-expressed proteins in human gastric cancer

Spot ID Protein name Accession number1 Top score Theoretic pI Theoretic Mr (Da)

N11 Peroxiredoxin 2 P32119 72 5.66   21 892
N21 Zinc finger protein ZFP-36 P16415 44 8.99   66 683
N3 Zinc finger protein 64, isoforms 3 and 4 Q9NTW7 58 8.80   72 216
N4 Bullous pemphigoid antigen 1, isoforms 6/9/10 O94833 62 5.50 590 528
N5 Transcriptional repressor CTCFL Q8NI51 67 8.58   75 668

1Accession number from SWISS-PROT database, identified by MALDI-TOF-TOF-MS.
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Ras-related protein Rab-30, Zinc finger protein 268, 
Calcium-binding protein CaBP5, RGS3, membrane-
associated guanylate kinase (MAGUK) p55 subfamily 
member 3, Zinc finger protein 134, Actin alpha cardiac, 
Nebulin, Vacuolar protein sorting 33B) in gastric cancer 
tissue.

RGS3 inhibits signal transduction by increasing the 
GTPase activity of  G protein alpha subunits thereby 
driving them into their inactive GDP. A recent study 
revealed that RGS3 gene was up-regulated in highly 
migratory clones selected from U373MG glioma 
cells compared with that of  the original cells using 
oligonucleotide microarrays comprising 12 625 genes. 
U373MG glioma cell clones with over-expression of  
RGS3 or RGS4 showed an increase of  both adhesion 
and migration. These findings expand the spectrum of  
possible molecular pathways underlying the invasion of  
neoplastic astrocytes[22].

MAGUK p55 subfamily member 3 (MPP3) belongs to 
the MAGUK protein family. Shins' study showed MPP3 
was identified by cell surface biotinylation and MS in the 
cell surface proteome of  A549 lung adenocarcinoma cells 
and LoVo colon adenocarcinoma cells[23].

Nebul in may be involved in maintaining the 
structural integrity of  sarcomeres and the membrane 
system associated with the myofibrils. The nebulin gene 
was found up-regulated in non small cell lung carcinoma-
derived cell lines D51 and lung cancer cell lines (H2170 
and H526) compared with human bronchial epithelial 
cell lines by suppression subtractive hybridization (SSH). 
But the relations between nebulin and gastric cancer is 
not clear[24].

We also obtained five under-expressed proteins 
(Peroxiredoxin 2, Zinc finger protein ZFP-36, Zinc 

finger protein 64 isoforms 3 and 4, Bullous pemphigoid 
antigen 1 isoforms 6/9/10, Transcriptional repressor 
CTCFL).

Peroxiredoxins (Prxs) are a novel g roup of  
peroxidases containing high antioxidant efficiency and 
some of  them having also effects on cell differentiation 
and apoptosis. The mammalian Prx family has six 
distinct members located in various subcellular locations. 
Peroxiredoxin 2 (Prx 2) is known not only to protect 
cells from oxidative damage caused by hydrogen 
peroxide (H2O2), but also to endow cancer cells with 
resistance to both H2O2 and cisplatin and to grant 
them radioresistance[25]. Somiari et al[26] analyzed human 
breast infiltrating ductal carcinoma (IDCA) using two-
dimensional difference gel electrophoresis and MS and 
found peroxiredoxin 2 was less abundant in four breast 
IDCAs (StageⅠ, ⅡA, ⅡB and ⅢA) compared with 
non-neoplastic tissue. But recent studies showed Prx 
family were over expressed in some kind of  carcinomas 
suggesting that Prx has a proliferative effect and may be 
related to cancer development or progression[27-30].

The transcriptional repressor, CTCFL, acts as a 
transcriptional regulator binding to some gene promoters 
and may be associated with epigenetic reprogramming 
events in the male ger m l ine. But the role that 
transcriptional repressor CTCFL plays in gastric cancer is 
still not demonstrated.

Because of  different protein processing and 
posttranslational modifications, protein isoforms 
of  individual protein can be identified on 2D gels. 
Interestingly, our study revealed Bullous pemphigoid 
antigen 1 isoforms 1/2/3/4/5/8 were over expressed in 
gastric cancer tissue while Bullous pemphigoid antigen 1 
isoforms 6/9/10 were under expressed in cancer tissue. 

Figure 4  MALDI-TOF mass spectrum of the mixture of tryptic peptides derived from N4 (Bullous pemphigoid antigen 1 isoforms 6/9/10).
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This finding suggests that the different protein isoforms 
may be correlated with specific features of  gastric 
cancer and play different roles in the progression of   
cancer.

In conclusion, the identified proteins, both up-
regulated and down-regulated, may participate in the 
progression of  malignant growth or in the maintenance 
of  normal conditions of  gastric tissue. The functions 
of  these proteins in the carcinogenesis of  gastric cancer 
remain to be studied. We hope they may provide useful 
information for early detection and therapy of  gastric 
cancer.
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