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Introduction

 Gastric cancer is one of the most frequent malignant 
tumors with high mortality due to the lack of convenient 
methods for early screening and diagnosis in clinical 
practice. Gastroscopy with biopsy is currently an efficient 
method for the diagnosis of gastric cancer, but it is not 
appropriate for screening gastric cancer because of its 
discomfort and high cost. The detection of serum tumor 
markers is simple in cancer screening and diagnosis, but it 
is difficult to be a conventional method for gastric cancer 
screening for its poor sensitivity and specificity (Sturgeon 
et al., 2010), only valuable in the prognostic evaluation of 
patients with gastric cancer (Dilege et al., 2010; Duraker et 
al., 2001; Emoto et al., 2012; Li et al., 2011; Ychou et al., 
2000). Recently, a lot of studies were performed in serum 
proteomics and epigenetics and found some new markers 
with potential clinical significance in patients with gastric 
cancer. In this paper, we reviewed the progress in serum 
tumor markers associated with gastric cancer, focusing on 
the discoveries from serum proteomics and epigenetics 
researches. 

Serum Protein Tumor Markers of Gastric Cancer

Gastric Cancer-Associated Protein Peaks in Serum 
Proteomics Analysis
 A common characteristic of serum protein tumor 
markers is of very low expression level in early stage 
of cancers, therefore the conventional methods for 
discovery of serum tumor markers have certain limitations. 
Proteomics analysis can analyze the complex composition 

1Department of Gastroenterology, the First Affiliated Hospital of Nanchang University; Jiangxi Institute of Gastroenterology and 
Hepatology, 2School of Nursing, Nanchang University, Nanchang, China  *For correspondence: yfyzkh@sina.com

Abstract

 The high incidence of gastric cancer and consequent mortality pose severe threats to human health. Early 
screening, diagnosis and treatment are the key to improve the prognosis of the patients with gastric cancer. 
Gastroscopy with biopsy is an efficient method for the diagnosis of early gastric cancer, but the associated 
discomfort and high cost make it difficult to be a routine method for screening gastric cancer. Serum tumor 
marker assay is a simple and practical method for detection of gastric cancer, but it is limited by poor sensitivity 
and specificity. Therefore, people have been looking for novel serum markers of gastric cancer in recent years. 
Here we review the novel serum tumor markers of gastric cancer and their diagnostic significance, focusing on 
the discoveries from serum proteomics analyses and epigenetics researches.  
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of serum and provide the differences in protein expression 
in many cancers, such as rectum cancer, pancreatic cancer, 
bladder cancer, ovarian cancer and prostate cancer. 
 Lots of studies on gastric cancer have been reported 
recently (Deininger et al., 2008; Li et al., 2008; Khoder 
et al., 2009; Wu et al., 2009; Wu et al., 2009; Zhang et al., 
2010), and the results showed some clinical significance in 
the diagnosis of gastric cancer. Lu et al. (2010) compared 
the difference of proteomic analysis between gastric 
cancer (n = 34) and normal control (n = 30) and found 
five different protein peaks, by which a diagnostic model 
was developed and showed a sensitivity of 94.3% and a 
specificity of 93.3% in the diagnosis of gastric cancer. 
The diagnostic value of this model was validated with a 
new set of serum samples (31 cases of gastric cancer, 30 
normal controls) and provided a sensitivity of 90.3% and 
a specificity of 80.0%, significantly higher than either 
CEA, CA19-9 alone or the two combined (10% -50%). In 
addition, they also found a protein peak with sensitivity 
significantly higher in the diagnostic of stage I / II gastric 
cancer than stage III / IV gastric cancer, indicating that it 
was might valuable in the diagnosis of early gastric cancer. 
Liu et al. (2010) found six gastric cancer serum peptide 
peaks with good sensitivity (100%) and specificity (75%) 
in the diagnosis of gastric cancer, which could distinguish 
early gastric cancer and advanced gastric cancer to some 
extent. Umemura et al. (2011) found that a 2209m/z protein 
peak was significantly higher in gastric cancer serum, and 
its area under the receiver operating characteristic (ROC) 
curve (AUC) to diagnose stage I gastric cancer (0.715) was 
greater than those of CEA (0.593) and CA19-9 (0.527). 
Wang et al. (2007) analyzed the serum protein expression 
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profile in 32 cases of gastric adenocarcinoma, 22 cases of 
peptic ulcer, 32 cases of gastritis and 30 normal subjects 
and found that the peaks at 2953, 3267, 5341, 5912, 
5927 m/z increased and the peaks at 4059, 4213, 4270, 
7160 m/z decreased in the serum of patients with gastric 
cancer; the peak at 5912 m/z was very high in gastric 
cancer serum with a sensitivity of 81.25% and a specificity 
of 56.67% in diagnosis of gastric cancer , significantly 
higher than the existing markers of gastric cancer, but in 
the normal controls, peptic ulcer and gastritis patients, 
it was significantly down-regulated, which could be a 
potential gastric cancer biomarkers. Liang et al. (2004) 
performed proteomics analysis in 33 patients with gastric 
adenocarcinoma and 31 healthy subjects and found three 
differentially expressed protein peaks in which the peak at 
5910 m/z increased in gastric cancer patients and showed 
good diagnostic performance with a sensitivity of 90.91%, 
a specificity of 93.55% and a positive predictive value of 
93.75%. Liu et al. (2009) detected the relative content 
of serum proteins in 40 patients with gastric cancer, 20 
patients with gastric ulcer and 20 normal controls and 
found no different protein peak in the normal controls, 
two different protein peaks, the 5910 and 4095 m/z, in 
one case of gastric ulcer, and 5 significant protein peaks, 
the 3300, 5329, 4095, 5 910 and 8691 m/z, in the gastric 
cancer patients; the model created with peaks at 4095, 
5910 and 8691 m/z could effectively diagnose gastric 
cancer with a sensitivity of 92.5% and a specificity of 
97.5%. Wang et al. (2008) also detected serum protein 
fingerprint maps in 26 patients with gastric cancer and 
37 patients with superficial gastritis, and they screened 
six significant protein peaks, the 8587, 6945, 8243, 
3899, 7035 and 9943 m/z, by which a diagnostic model 
was established and showed a sensitivity of 88.5% and 
a specificity of 97.3% in the diagnosis of gastric cancer. 
Xue et al. (2009) also explored the feasibility of serum 
protein fingerprint map for the early diagnosis of gastric 
cancer. They established 3 models for early diagnosis of 
gastric cancer with overall sensitivity 96.3%, specificity 
73.1% -84.6%, positive predictive value 78.9%-86.7%, 
and negative predictive value 94.7%-95.7%, indicating 
that it is valuable in screening early gastric cancer. In 
addition, Lu et al. (2006) performed the serum protein 
mass spectrometry in 34 patients with gastric cancer 
and 30 healthy subjects and developed a discrimination 
model with the combination of five protein peaks with 
a sensitivity of 93.3%, a specificity of 94.1% and an 
accuracy of 93.75% in training set and a sensitivity of 
80.0%, a specificity of 73.5%, an accuracy of 76.6% in 
validation set. 
 All the reports above show that proteomics analysis 
of gastric cancer serum is valuable in finding significant 
protein peaks for the diagnosis of gastric cancer, and the 
diagnostic models established with these peaks show 
good performance in the diagnosis of gastric cancer, 
especially early gastric cancer, and usually better than 
the classic serum tumor markers. By further analysis, 
detailed proteins in these peaks could be identified and 
their significance in the diagnosis of gastric cancer was 
evaluated. Transthyretin was identified from the different 
protein peaks in the sera between gastric cancer and 

normal control and valuable in the early diagnosis of 
gastric cancer (Zheng et al., 2010). Recently, Ahn et al. 
(2012) detected 13 candidate protein markers (some of 
them identified by serum proteomics analysis) in the sera 
of gastric cancer patients and achieved a accuracy of 
88% in the diagnosis of gastric cancer by combined use 
of these markers. The findings above suggested that there 
are indeed serum markers with diagnostic value in gastric 
cancer, but further studies should be performed to identify 
detailed proteins and evaluate their diagnostic value. 

Amyloid A protein
 Serum amyloid A protein (SAA) is an acute phase 
reactive protein which belongs to the heterogeneous 
proteins of apolipoprotein family. It is mainly synthesized 
by the liver and significantly elevated in some tumors 
(Xie et al., 2010; Mittal et al., 2012). Chan et al. (2007) 
found that the serum SAA concentration in gastric cancer 
group was much higher than those in gastric ulcer group 
and healthy control group. It was associated with stage, 
metastasis and recurrence of gastric cancer, therefore, the 
authors considered SAA to be useful in the postoperative 
follow-up of gastric cancer. Liu et al. (2012) found a 
protein peak highly expressed in patients with gastric 
cancer and it was analyzed and identified as SAA1 by high 
performance liquid chromatography, suggesting that SAA 
was a potential serum marker of gastric cancer. However, 
the value of SAA in the early diagnosis of gastric cancer 
required further to be evaluated.

Regenerating gene IV (Reg IV)
 Reg IV is a member of the regenerating gene family 
located on chromosome 1p12 ~ 13.1. Reg IV gene codes 
a secreted protein consisted of 158 amino acids. Reg IV 
protein is mainly expressed in gastric parietal cells and 
intestinal epithelial neuroendocrine cells and is associated 
with the proliferation and differentiation of gastrointestinal 
tract cells. Kobayashi et al. (2010) confirmed the role of 
Reg IV in gastric cancer. They found that the serum levels 
of Reg IV was significantly elevated in the patients with 
early gastric cancer, with a sensitivity of 94.5% in the 
diagnosis gastric cancer, which was much higher than the 
CEA, CA19-9 and pepsinogen. Tao et al. (2011) also found 
that the prognosis of gastric cancer patients with positive 
serum Reg IV expression was significantly worse than 
that with the negative expression, and it was superior to 
CEA, CA19-9 in the diagnosis of early gastric cancer. Reg 
IV protein may be a valuable serum marker for screening 
and diagnosing early gastric cancer.

14-3-3 protein
 The 14-3-3 protein family associates with many 
cellular proteins that participate in the regulation of 
various cellular events including apoptosis, cell cycle, 
spreading, and migration. The overexpression of 14-3-3β 
protein can stimulate cell proliferation and migration, thus 
contribute to the growth of tumor. Rodriguez et al. (2005) 
found that 14-3-3β protein promoted tumor development 
by the integrin β1 regulation. Tseng et al. (2011) utilized 
the proteomics technology to analyze the tissue and 
serum of patients with gastric cancer and found that 
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14-3-3β protein was up regulated and highly associated 
with tumor size, lymph node metastasis and low survival 
rate. Therefore, the 14-3-3β protein was considered as 
the gastric cancer markers with potential diagnostic 
value, which could predict gastric cancer metastasis and 
deterioration.
 Another member of the 14-3-3 protein family, 14-3-3ζ 
protein, was also closely associated with the histological 
type and infiltration depth of gastric cancer. Zhang et al. 
(2010) found that 14-3-3ζ protein was expressed in 79.0% 
of gastric cancer tissues, but only weakly expressed in 
scattered cells of normal gastric mucosa; the positive rates 
of 14-3-3ζ protein expression in papillary and tubular 
adenocarcinoma were significantly higher than those in 
mucinous adenocarcinoma and signet ring cell carcinoma, 
and its positive rates in gastric cancer invaded muscularis 
and serosa were significantly higher than those in gastric 
cancer invaded mucosa and submucosa. 

Soluble vascular adhesion protein-1(VAP-1)
 VAP-1 is an endothelial cell adhesion molecule. It 
mediates the lymphocyte adhesion to endothelial cells 
and involves in cell-cell and cell-extracellular matrix 
adhesion, thereby to promote the tumor cell invasion 
and metastasis. Yasuda et al. (2011) analyzed the serum 
VAP-1 levels in 107 patients with gastric cancer and 33 
healthy controls, and found that the serum VAP-1 level 
was significantly elevated in patients with gastric cancer, 
but it would decrease as the disease progressed. It showed 
that VAP-1 down-regulation was significantly associated 
with poor prognosis of gastric cancer. 

Gastric cancer antigen MG7-Ag (MG7-Ag)
 MG7-Ag is a gastric cancer associated antigen with 
clinical value and discovered through a monoclonal 
antibody against gastric cancer. Unlike other traditional 
gastrointestinal tumor-associated antigens, it is high 
specific and sensitive for gastric cancer. The positive 
rates of MG7-Ag were 80% to 94% in cancer tissues and 
40% to 60% in sera in the patients with gastric cancer 
(Ren et al., 2000). The sensitivity of the serum MG7-Ag 
was 81.4% for the diagnosis of gastric cancer (Ren et 
al., 2011). In the region of China with high incidence of 
gastric cancer, the sensitivity and specificity of serum 
MG7-Ag detection were 77.5% and 95.62% for the 
diagnosis of gastric cancer (Fang et al., 2010; ). Chen 
et al. (1992) also found that MG7-Ag was an important 
factor for pre-warning of gastric cancer. It was reported 
that the combined detection of MG7-Ag and COX-2 in 
396 cases of gastric precancerous lesions showed that 
the risk of progress to cancer in the precancerous lesions 
with positive expression was 22 times greater than that in 
the precancerous lesions with negative expression (Hong 
et al., 2010). Therefore, MG7-Ag is a marker for gastric 
cancer screening and precancerous lesion progressing. 

Pepsinogens (PG)
 PG is a polypeptide chain protein composed of 375 
amino acids and mainly produced by gastric chief cells 
and mucus neck cells. PG is divided into PG I and PG 
II depending on the biochemical and immunological 

features. PG as a marker of gastric cancer remains 
controversial. In a study with a middle-aged male cohort of 
Japanese and following-up for 10 years, the results showed 
that the sensitivity and specificity of serum PG were low 
for the diagnosis of gastric cancer (Iino et al., 2012). The 
study in Chinese also showed a similar conclusion (Cao 
et al., 2012). Actually, PG is a serum marker of chronic 
atrophic gastritis, not an ideal indicator for the screening 
and diagnosis of gastric cancer. Irvani et al. (2010) found 
that the PG I/PG II ratio provided a sensitivity of 96.1% 
for the diagnosis of atrophic gastritis, and PG I provided 
a specificity of up to 94.6% for the diagnosis of atrophic 
gastritis. A Korean study showed that the optimum cut-off 
value for PG I/PG II ratio was 4 by which the sensitivity 
and specificity for the diagnosis of atrophic gastritis were 
82.6% and 91.7%, respectively (Colarossi et al., 2011). 
Recently, a case-control study in Peru showed that serum 
PG I, PG II and PG I/PG II ratio did not achieve the desired 
sensitivity and specificity (Chae et al., 2011). Therefore, 
PG detection, especially PG I/PG II ratio have some 
clinical value for the screening and diagnosis of atrophic 
gastritis, but the results are different in various ethnics.

Granulin
 Granulin (GRN) is an independent growth factor 
family discovered in recent years, including A, B, C, D 
and F. They all come from the hydrolysis of the same 
progranulin (PGRN). Recent studies show that there is a 
close association between GRN and tumor progression. 
Loei et al. (2012) found that GRN was frequently 
expressed in gastric cancer tissues but not in normal 
gastric epithelia by immunohistochemistry, and it was 
also elevated in the serum of patients with gastric cancer, 
particularly early gastric cancer, indicating that serum 
GRN can provide diagnostic discriminations for gastric 
cancer patients.

Dickkopf-1(DKK-1)
 DKK-1 is a secreted protein which belongs to DKKS 
family. It plays an important role in the process of tumor 
development through antagonizing Wnt signaling. It 
is highly expressed in a variety of malignant tumors. 
Gomceli et al. (2012) reported the relationship of gastric 
cancer with DKK-1 in the Turkish population. They 
detected serum DKK-1 levels in 60 patients with gastric 
cancer and 69 healthy controls by ELISA, and the results 
showed that the serum DKK-1 concentration in gastric 
cancer patients was significantly higher than controls, and 
when taking the 25 U/mL as cut-off value, the sensitivity 
and specificity were 100% for the diagnosis of gastric 
cancer.

Serum Genetic Tumor Markers of Gastric 
Cancer

 In recent years, it has been discovered that the 
abnormal genetic expression other than DNA sequence 
change (epigenetics) showed great significance in the 
occurrence and development of gastric cancer, including 
microRNAs, DNA methylation, by the mechanisms of 
the function loss or gain of cancer related genes, increase 
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of genomic instability, loss of imprinting, etc.. These 
alterations in genetics could be as biomarkers of gastric 
cancer for potential clinical applications.

MicroRNA
 A microRNA (miRNA, miR) is a small non-coding 
RNA molecule about 22 nucleotide length, which functions 
in transcriptional and post-transcriptional regulation of 
gene expression. A number of studies have confirmed 
that miRNAs play a critical negative regulatory role in 
the process of tumor development. The miRNAs closely 
associated with gastric cancer include miR-21, miR-625, 
miR-1, miR-20a, miR-378, etc. Wang et al. (2012) found 
that miR-21 was highly expressed in gastric cancer serum, 
with significantly higher sensitivity and specificity than the 
current tumor markers in the diagnosis of gastric cancer. 
Zheng et al. (2011) found that miR-21 was a marker for 
detection of tumor cells in peripheral blood, which was 
highly expressed in 53 cases of preoperative patients with 
gastric cancer and associated with tumor metastasis, size, 
TNM staging and histological differentiation. Liu et al. 
(2011) detected miRNA profiles in 164 cases of gastric 
cancer serum and found five highly expressed miRNAs 
(miR-1, miR-20a, miR-27a, miR-34 and miR-423-5p), and 
the AUC of the five-serum miRNA signature was 0.879 
for the diagnosis of gastric cancer, markedly higher than 
those of the biomarkers carcinoembryonic antigen (CEA) 
(0.503) and carbohydrate antigen 19-9 (CA19-9) (0.600); 
they were also associated with the prognosis of gastric 
cancer. Another study showed that miR-187(*), miR-
371-5p and miR-378 were significantly highly expressed 
in gastric cancer serum, and miR-378 alone could yield 
a AUC of 0.861, a sensitivity of 87.5% and a specificity 
of 70.73% in discriminating gastric cancer patients from 
healthy controls (Liu et al., 2012). Song et al. (2012) 
investigated serum miRNA expression in the regions of 
China with high incidence of gastric cancer and found 
that miR-221, miR-376c and miR-744 were valuable in 
the diagnosis of early gastric cancer with a sensitivity of 
82.4%, a specificity of 58.8% and an accuracy of 79.3%. 
Other highly expressed miRNAs, such as miR-625, 
miR-93, miR-16, miR-17-5p, miR-20a, miR-196a, were 
also found in gastric cancer serum and associated with 
the recurrence, lymph node metastasis and prognosis of 
gastric cancer (Song et al., 2012; Tsai et al., 2012; Wang 
et al., 2012; Wang et al., 2012). 

Gene promoter hypermethylation
 Gene promoter hypermethylation is one of the 
mechanisms of gene silencing and is associated with the 
development of gastric cancer. Zou et al. (2009) analyzed 
the abnormal methylation of five genes (P16, RUNX3, 
MGMT, DAPK and RASSF1A) in 20 normal gastric 
mucosa, 14 intestinal metaplasia, 27 atypical hyperplasia 
and 16 early gastric adenocarcinoma, and found that the 
five genes were not abnormally methylated in normal 
gastric mucosa, but their methylation rates increased 
gradually from intestinal metaplasia (28.6%), atypical 
hyperplasia (77.8%) to early gastric adenocarcinoma 
(87.5%). In the study with serum as samples, there are 
also similar findings. Chen et al. (2012) detected the 

promoter region hypermethylation of candidate genes 
in the serum samples from gastric cancer (GC, n=58), 
gastric precancerous lesions (GPL, n=46) and normal 
controls (NC, n=30), and found that the methylation rates 
of three genes (CHRM2, FAM5C and MYLK) increased 
with progression from NC to GPL, then to GC, and the 
hypermethylations of FAM5C and MYLK decreased 
obviously from preoperative to postoperative evaluation. 
Additionally, the aberrant methylation of gene promoters 
is associated with the multiple gastric cancer. Fukuda et 
al. (2007) found that the hypermethylation of hMLH1 
gene was more frequently detected in early multiple 
gastric cancers than in early solitary gastric cancers, 
indicating that inactivation of hMLH1 through promoter 
hypermethylation may be involved in the development of 
multiple gastric cancer.
 The gene promoter region hypermethylation has been 
considered as a potential test for the diagnosis of gastric 
cancer. Chen et al. (2012) performed a combined detection 
of serum FAM5C and MYLK hypermethylation and 
showed a sensitivity of 77.6% and a specificity of 90% in 
the diagnosis of gastric cancer, and it was also correlated 
with tumor size, tumor invasion depth and tumor-node-
metastasis (TNM) stage. Lee et al. (2002) detected 
the promoter methylation of DAP-kinase, E-cadherin, 
GSTP1, p15 and p16 in the patients with gastric cancer 
and found the positive rates were 70.3, 75.9, 18.5, 68.5, 
and 66.7% in primary tumor tissues and 48.1, 57.4, 14.8, 
55.6, and 51.9% in serum samples, respectively, and 
none of the control serum showed aberrant methylation. 
The hypermethylation as biomarkers for the diagnosis of 
gastric cancer could be more valuable than the current 
tumor biomarker (Koike et al., 2005).  

Runt-related transcription factor 3 (RUNX3)
 RUNX3 is a newly discovered tumor suppressor gene 
which is located in the short arm 1 of human chromosome 
l p36.1, and it is the downstream transcription regulatory 
factor in the TGF-B signaling pathway. Down regulation 
or silence of RUNX3 can inhibit the apoptosis and induce 
malignant transformation of gastric mucosal cells. A 
number of studies have showed that RUNX3 promoter 
region methylation affects its expression and plays an 
important role in the occurrence of early gastric cancer. Lu 
et al. (2012) analyzed the methylation status of RUNX3 
promoters in 220 samples of chronic atrophic gastritis, 196 
samples of intestinal metaplasia, 134 samples of gastric 
adenoma, 102 samples of dysplasia, and 202 samples of 
gastric cancer with paired noncancerous mucosa tissues 
and corresponding blood specimens, and found that 
RUNX3 promoter methylation increased with progression 
of gastric mucosal lesions: the methylation rates were 
15.9% in chronic atrophic gastritis, 36.7% in intestinal 
metaplasia, 41.8% in gastric adenoma, 54.9% in dysplasia 
and 75.2% in gastric cancer, indicating that circulating 
RUNX3 methylation was a valuable biomarker for the 
detection of early gastric cancer. Zheng et al. (2011) found 
that the combined detection of RUNX3 gene methylation 
and serum CEA, CA19-9 showed higher sensitivity than 
CEA and CA19-9 combination in the diagnosis of gastric 
cancer, but no reduced specificity
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Conclusions

The diagnostic performance of classic serum tumor 
markers, such as CEA, CA19-9, is poor in the diagnosis 
and screening of gastric cancer, thus lots of studies have 
been performed to find new biomarkers with potential 
clinical value. The serum proteomics analysis is frequently 
applied in the discovery of serum biomarkers of gastric 
cancer, by which a lot of different protein/peptide peaks 
have been found in the serum of gastric cancer patients 
and showed potential diagnostic value, but more serum 
protein biomarkers of gastric cancer should be identified 
from these peaks and followed by further confirmation 
of their significance in clinical practice. The genetic 
biomarkers of gastric cancer have been another important 
filed to be investigated, in which the serum microRNAs 
and gene promoter region hypermethylation have potential 
application in the diagnosis of gastric cancer. With the 
development of biological technology, some markers 
will bring hope to the early screening and diagnosis of 
gastric cancer.
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