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Abstract
AIM: To explore the method for early diagnosis of 
gastric cancer by screening the expression spectrum 
of saliva protein in gastric cancer patients using mass 
spectrometry for proteomics.

METHODS: Proportional peptide mass fingerprints 
were obtained by analysis based on proteomics matrix-
assisted laser desorption ionization time-of-flight/mass 
spectrometry. A diagnosis model was established using 
weak cation exchange magnetic beads to test saliva 
specimens from gastric cancer patients and healthy 
subjects.

RESULTS: Significant differences were observed in 
the mass to charge ratio (m/z) peaks of four proteins 
(1472.78 Da, 2936.49 Da, 6556.81 Da and 7081.17 Da) 
between gastric cancer patients and healthy subjects.

CONCLUSION: The finger print mass spectrum 
of saliva protein in patients with gastric cancer can 
be established using gastric cancer proteomics. A 
diagnostic model for distinguishing protein expression 
mass spectra of gastric cancer from non-gastric-
cancer saliva can be established according to the 
different expression of proteins 1472.78 Da, 2936.49 
Da, 6556.81 Da and 7081.17 Da. The method for 

early diagnosis of gastric cancer is of certain value for 
screening special biological markers.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Gastric cancer is one of  the most common cancers. 
Even though its mortality rate has decreased in 
recent years, its morbidity still ranks first among all 
kinds of  malignant tumor. Moreover, gastric cancer 
obviously occurs in juvenescence, and is diagnosed at 
its advanced stage. About 150-200 thousand patients 
die of  gastric cancer every year in our country, which 
accounts for almost a quarter of  all deaths from 
malignant tumors. About 200 000 new gastric cancer 
patients are diagnosed each year. At present, available 
tumor markers have a relatively high false-positive rate 
for the diagnosis of  gastric cancer, and thus cannot 
predict early gastric cancer[1,2]. Therefore, it has become 
important to find a special way to predict early stage 
gastric cancer.

Saliva can be used in diagnosing gastric cancer, and 
it has been verified for many years that detection of  
salivary components is a valuable tool to diagnose a 
variety of  diseases[3]. Salivaas, a diagnostic specimen has 
received attention. Along with the wide application of  
proteomics and its related techniques, proteomics has 
been used more widely in the study of  saliva[4,5]. In this 
study, we employed matrix-assisted laser desorption 
ionization time-of-flight mass spectrometry (MALDI-
TOF-MS) technique to analyze the protein mass peak of  
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saliva from gastric cancer patients and healthy subjects, 
and to screen for the special biological markers for 
predicting early gastric cancer.

MATERIALS AND METHODS
Clinical data and specimen selection
Saliva samples were collected from gastric cancer patients 
in the Medical Department of  Nanfang Hospital, 
Southern Medical University. Control samples were 
collected from healthy volunteers. Saliva was collected 
and put into a 15-mL centrifuge tube, and centrifuged at 
10 000 r/min for 5 min at 4℃. Fifty microliters of  each 
saliva sample was put into in a 1-mL EP tube and stored 
at -80℃. When experiments were conducted, the samples 
were taken out from the refrigerator at -80℃. All samples 
were defrosted at room temperature. The healthy subjects 
at the age of  23-68 years served as a normal group  
(n = 18, 12 males, 6 females) and the patients at the age 
of  25-78 years served as a gastric cancer group (n = 23,  
15 males, 8 females).

Instruments and reagents
A weak cation exchange (WCX) magnetic bead kit, 
alpha-cyano-4-hvdroxycinnamic acid (HCCA), and 
AutoFlex III MALDI-TOF mass spectrometer were 
purchased from Bruker Company. Mass concentration 
(0.3 g/L) and ethanol (chromatographic grade)/acetone 
(chromatographic grade) = 2/1 were freshly prepared.

Treatment with WCX magnetic beads
The WCX magnetic bead kit was taken out from a 
refrigerator at 4℃, washed and eluted. Finally, the 
separated magnetic beads and eluted polypeptide 
samples were transferred into a 0.5-mL clean sample 
tube for further MS analysis.

Sample application and MS analysis
One microliter polypeptide sample separated with the 
magnetic beads was applied. After the polypeptide 
sample was dried at room temperature, into which  
1 µL HCCA substrate solution (3 g/L, dissolved in 
50% acetonitrile and 2% trifluoroacetic acid) was added. 
Then, the prepared sample was applied and analyzed on 
MALDI-TOF-MS. A linear mode was used to collect 
peptides with a molecular weight of  1000-10 000. Twenty 
percent of  laser energy was used with 400 shots. Peptide 
mass finger prints were obtained by accumulating 50 
single scanning of  MS signals.

Statistic analysis
FlexAnalysis 3.0 and ClinProTools 2.1 (from Bruker 
Company) were used to analyze the grouping index 
and its dependability of  data. P < 0.05 was considered 
statistically significant.

RESULTS
The mass spectrum of  samples from 41 subjects was 
analyzed and compared. Seventy-four protein mass 

peaks were found. Mass peaks were proved to be 
significantly different in four proteins (1472.78 Da, 
2936.49 Da, 6556.81 Da and 7081.17 Da) (Figures 1-4). 
The protein mass peak at 1472.78 Da was higher in the 
gastric cancer group than in the normal group. Based on 
the identification of  these four protein mass peaks, 22 
patients were accurately diagnosed with gastric cancer. 
All the 18 healthy subjects were confirmed to have no 
gastric cancer. The present method for the diagnosis of  
gastric cancer had a sensitivity of  95.65% (22/23), and 
a specificity of  100% (18/18). The results are shown in 
Table 1.

DISCUSSION
Saliva is an important and necessary body fluid. Blood 
constituents such as hormones, amino acids, electrolyte, 
immunoglobulin and creatinine, can enter saliva through 
the blood barriers of  the capillary walls. As one of  the 
fluids in the human body, variation in saliva constituents 
is influenced by various pathophysiological changes in 
the body. Saliva constituents are related to serum and 
the essential proteins in saliva are positively correlated 
with serum. For example, there is an extremely good 
dependability between blood plasma free F and salvia F, 
which is not influenced by the flow rate and stimulation 
of  saliva. Many proteins in saliva, such as anti-HIV 
antibody, secretory type leukoprotease inhibitor (SLPI) 
and IgA, have important physiological functions. SLPI, 
a kind of  single strand polypeptide, can be separated 
from human parotid gland saliva and only has anti-HIV 
effects in the oral cavity. Saliva can be atraumatically 
and conveniently taken, and easily observed at any time. 
The test results are stable and the sensitivity is rather 
high, and the tests can be repeated. Since biochemical 
microanalysis techniques have been significantly 
improved, saliva can be used as a diagnostic index 
instead of  blood[3,6-9].

Studies on saliva proteomics have received extensive 
attention worldwide[4,5]. Till now, 309 kinds of  protein 
have been identified in full salivary fluid of  healthy 
subjects, using proteomics techniques, among which, the 
most important acidic proteins are catheptic enzyme L 
and hyaluronan-conjugated protein; the most important 
basic proteins are saliva rich pyrrolidinecarboxylic acid, 
glycoprotein PRB2, and an unknown protein with a level 
of  12.8; while the smallest proteins are T cell receptor 
8 catenin fragment and hylaxin HNP-3, and the protein 
with a maximal relative molecular mass is mucoprotein 
5B. Of  the 309 saliva proteins identified according to 

Groups Classification of proteome mass spectrum model

n Gastric cancer Non-gastric cancer Ratio (%)

Gastric 
cancer group

23              22                   1      95.65

Normal 
group

18                0                 18    100

Table 1  Identification of gastric cancer in different groups
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their functions, 28.7% are uncertain functional proteins, 
21% are associated with immunity, 1.6% are associated 
with protein replication and reparation, 4.8% are 
associated with cell mobility and secretion, 2.3% are 
associated with transcription and ribosomes, 4.2% are 
associated cell multiplication and the cell cycle, 9.7% are 
associated with signal transduction, 5.2% are associated 
with metabolism, and 7.1% are associated with the 
cytoskeleton and endomembrane, respectively. Saliva is 
an important body fluid with complicated constituents 
and multiple biological functions. Its distinctive and 
abundant protein constituents undoubtedly can be used 
as biological markers of  cancer and other diseases. 
The oral saliva protein f lux analysis and precise 
determination have been restricted by old techniques, 
since the biological functions of  most saliva proteins 
are unknown, and the value of  saliva diagnosis and 
prognosis remains unclear. With the application of  
high-flux and high-precision proteomics, it has become 
possible that saliva proteins can be used as biological 
markers in prevention and bioprotein-targeted therapy, 
and in predicting the prognosis of  diseases[3-10]. At 
present, no study on saliva proteomics is available in 

China, and synchronic detection and comparative study 
of  saliva and serum proteins have not been reported 
worldwide.

Early stage markers of  gastric cancer are a hot spot 
of  investigation around the world. How to find effective 
and better methods and techniques that can be applied 
to the treatment of  gastric cancer has become the focus 
of  research. There are more than 1000 proteins in saliva, 
and saliva possesses atraumatic and convenient features, 
and can be used as a simple and abundant resource. In 
addition, recent studies have demonstrated that 20% of  
saliva proteins are similar in the blood, and certain saliva 
proteins are matched with blood proteins that influence 
senile dementia, breast cancer and diabetes[10-12]. MS 
technique is one of  the most important techniques in 
proteomics studies. The most widely used MS technique 
in proteomics studies is MALDI-TOF MS. Application 
of  MALDI-TOF MS, in study of  biological markers of  
disease, is undoubtedly at the leading edge of  molecular 
diagnosis. Proteomics has become a powerful tool for 
the discovery of  new biological markers. Combining MS 
techniques and proteomics also provides good prospects 
for research of  biological markers[13,14]. Investigation 
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Figure 1  Sample spectrum showing a lower average peak value for proteins 1472.78 Da (A) and 2936.49 Da (B) in the normal group than in the gastric can-
cer group, and a higher value for proteins 6556.81 Da (C) and 7081.17 Da (D) in the normal group than in the gastric cancer group. Red line: Normal group; 
Green line: Gastric cancer group.
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of  proteomics provides not only a material basis for 
vital movement rules, but also a theoretical basis for 
overcoming diseases. Certain diseases are related to 
special protein molecules. Proteins may be the molecular 
targets of  new drugs or molecular markers for the 
early diagnosis of  certain diseases. MS techniques, are 
important in studies of  proteomics, and can be used in 
the study of  protein/peptide spectra, biological marker 
spectra, or single biological markers for complicated 
diseases, such as cardiovascular and cerebrovascular 
disease, tumors, stroke and neuro-degenerative disease. 
Furthermore, they are also expected to open new 
avenues for research into pathogenesis, diagnosis and 

treatment of  complicated diseases[15-17].
Gastric cancer usually has a long latent period. Early 

gastric cancer does not present with overt symptoms. 
Gastric cancer is at an advanced stage when it is 
diagnosed and has characteristics such as easy metastasis 
and poor prognosis. Therefore, early diagnosis is 
extremely important for the control and treatment 
of  gastric cancer. Even though advanced diagnostic 
methods, such as X-ray barium meal examination, dual-
phase helical computed tomography (CT), virtual CT, 
and gastroscopy, can improve gastric cancer diagnosis, 
their sensitivity and specificity are low for early discovery 
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Figure 2  Three-dimensional map showing a lower average peak value for proteins 1472.78 Da (A) and 2936.49 Da (B) in normal group than in gastric can-
cer group, and a higher value for proteins 6556.81 Da (C) and 7081.17 Da (D) in normal group in gastric cancer group. Red line: Normal group; Green line: 
Gastric cancer group.
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Figure 3  Complete mass spectrum of proteins 1472.78 Da, 2936.49 Da, 
6556.81 Da and 7081.17 Da, respectively.
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group; Green line: Gastric cancer group.
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of  gastric cancer. Under such circumstances, gastric 
cancer can be found only after cancer cells have 
metastasized to their surrounding tissues, or whole-
body aggravation occurs. Furthermore, cancer biological 
markers have a rather low positive rate for the early 
diagnosis of  gastric cancer. At present, the sensitivity 
of  cancer biological markers is only about 18%-40%. 
Combined examination of  multiple cancer biological 
markers can achieve a sensitivity of  60%-80%. However, 
since the false positive rate is rather high, it is difficult to 
employ it as a biological index for the early diagnosis of  
gastric cancer[18-21]. We used the MALDI technique and 
WCX magnetic beads to examine gastric cancer samples, 
which can accurately identify gastric cancer. A difference 
in mass spectra was found between the normal subjects 
and gastric cancer patients, indicating that the present 
method can greatly improve the diagnosis of  gastric 
cancer and might be used in its treatment. Twenty-three 
saliva samples from gastric cancer patients and 18 saliva 
samples from healthy volunteers were examined using 
MALDI-TOF-MS (AutoFlex Ⅲ, from German Bruker 
Company) and WCX magnetic beads. The mass peaks 
of  four proteins (1472.78 Da, 2936.49 Da, 6556.81 Da 
and 7081.17 Da) were significantly different in gastric 
cancer and normal groups. The mass peak of  protein 
1472.78 Da was significantly higher in the gastric cancer 
group than in the normal group, indicating that the 
protein of  1472.78 Da may play an important role in the 
occurrence and development of  gastric cancer. Among 
the four peaks, only the mass peak of  protein 6556.81 
Da in samples from gastric cancer patients was lower 
than that in samples from normal subjects, suggesting 
that the protein expression mass spectrum diagnosis 
model for classification of  gastric cancer and non-gastric 
cancer can be developed by comparative analysis of  mass 
peaks of  proteins 1472.78 Da, 2936.49 Da, 6556.81 Da 
and 7081.17 Da, thus providing a new tool for predicting 
early gastric cancer. The positive identification rate for 
the mass peaks of  these four proteins was significantly 
higher than that for the common serum cancer biological 
markers. Since the number of  gastric cancer patients and 
normal controls was small, a larger sample size is needed 
to verify the mass peaks of  the four proteins identified 
in this study.

In conclusion, the saliva proteome technique is an 
attractive prospect in the early clinical diagnosis of  
gastric cancer. Gastric cancer can be identified at an early 
stage by screening the high-risk group using MALDI 
technique and further studies on these proteins are 
needed to reveal their clinical value. Earlier detection and 
treatment of  gastric cancer are important in decreasing 
the death rate. However, the saliva proteome technique 
needs to be further studied, because its cost is rather 
high and some other problems remain to be solved.

 COMMENTS
Background
Gastric cancer is one of the most common cancers and threatens human 
health. At present, available tumor markers have a low sensitivity and a 

relatively high false-positive rate for the diagnosis of gastric cancer, thus cannot 
predict early gastric cancer. Therefore, it is necessary to find new methods to 
predict early stage gastric cancer.
Research frontiers
Saliva is an important and necessary body fluid. Studies on saliva proteomics 
have received extensive attention worldwide. At present, markers of early stage 
gastric cancer are a hot topic of investigation around the world. How to find 
effective and better methods that can be applied in clinical practice has become 
the target of many studies. Recent studies reveal that there are more than 1000 
proteins in saliva, and saliva possesses atraumatic and convenient features, 
and can be used as a simple and abundant resource.
Innovations and breakthroughs
A diagnosis model was developed using weak cation exchange (WCX) 
magnetic beads to test saliva specimens from gastric cancer patients and 
healthy subjects. Significant differences in the mass to charge ratio peaks of 
four proteins (1472.78 Da, 2936.49 Da, 6556.81 Da and 7081.17 Da) were 
observed between gastric cancer patients and healthy subjects.
Applications
The saliva proteomic model for distinguishing gastric and non-gastric cancer 
can be applied to the early diagnosis of gastric cancer.
Terminology
Saliva: An important and necessary body fluid. Blood constituents such as 
hormones, amino acids, electrolytes, immunoglobulin and creatinine etc, can 
enter saliva through the blood barriers of the capillary walls.
Peer review
The authors studied the differences in saliva protein spectra between normal 
subjects and gastric cancer patients. The study is valuable in aiding early 
diagnosis of gastric cancer. The method for screening patients with the risk 
of gastric cancer is simple, fast, and easy to use. Therefore, this study is 
innovative and practical, and the method developed by the authors can be used 
in the early diagnosis of gastric cancer.
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