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Abstract: Objective: Biomarker assay is a noninvasive method for the early detection of esophageal squamous cell
carcinoma (ESCC). Searching for new biomarkers with high specificity and sensitivity is very important for the early
detection of ESCC. Serum surface-enhanced laser desorption/ionization-time of flight mass spectrometry
(SELDI-TOF-MS) is a high throughput technology for identifying cancer biomarkers using drops of sera. Methods: In
this study, 185 serum samples were taken from ESCC patients in a high incidence area and screened by SELDI. A
support vector machine (SVM) algorithm was adopted to analyze the samples. Results: The SVM patterns successfully distinguished ESCC from pre-cancerous lesions (PCLs). Also, types of PCL, including dysplasia (DYS) and basal
cell hyperplasia (BCH), and healthy controls (HC) were distinguished with an accuracy of 95.2% (DYS), 96.6% (BCH),
and 93.8% (HC), respectively. A marker of 25.1 kDa was identified in the ESCC patterns whose peak intensity was
observed to increase significantly during the development of esophageal carcinogenesis, and to decrease obviously
after surgery. Conclusions: We selected five ESCC biomarkers to form a diagnostic pattern which can discriminate
among the different stages of esophageal carcinogenesis. This pattern can significantly improve the detection of
ESCC.
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1 Introduction
Among malignant tumors, the mortality rate of
esophageal squamous cell carcinoma (ESCC) ranks
sixth in the world (Parkin et al., 2005). The occurrence rate of this tumor greatly depends on geographic variation. The highest incidence is found in
Linxian City in China. Patients with ESCC have a
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poor prognosis and the five-year survival rate is as
low as 15% (Yang, 1980; Lu et al., 2002). Though
esophageal endoscopy is a common method for
screening for ESCC, in China it is more practical first
to use a serum biomarker because of the large population and the unbalanced distribution of medical
resources.
The application of serum biomarkers for the
screening and diagnosis of ESCC was studied because of their advantages of less pain and wider accessibility (Handy, 2009). Among serum biomarkers,
carcinoembryonic antigen (CEA), carbohydrate
antigen (CA) 19-9, and squamous cell carcinoma
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antigen (SCCA) are the three most commonly used
for the early detection of esophageal cancer (Kosugi
et al., 2004; Yilmaz et al., 2006; Parenti et al., 2007).
However, the sensitivity of these tumor markers is
very low, which limits their clinical utilization for
early detection of esophageal cancer (Handy, 2009).
Therefore, it is necessary to search for new biomarkers with high sensitivity and specificity. Surfaceenhanced laser desorption/ionization time-of-flight
mass spectrometry (SELDI-TOF-MS) combined with
ProteinChip technology is a high-throughput proteomic analysis approach which has been shown to be
effective in the detection of biomarkers for early stage
malignancy (Petricoin and Liotta, 2004). Using this
combined technology, some new serum biomarkers
with higher sensitivity were found for the early detection of different cancers, including prostate cancer
(Okamoto et al., 2009; Yamamoto-Ishikawa et al.,
2009), ovarian cancer (Høgdall et al., 2010; Tang et
al., 2010), brain cancer (Liu et al., 2005), colorectal
cancer (Yu et al., 2004; Helgason et al., 2010), breast
cancer (Hu et al., 2005; Opstal-van Winden et al.,
2011), lung cancer (Rathinam et al., 2011), and pancreatic cancer (Felix et al., 2011). However, reports
on the protein profiling of different stages of ESCC
development have not yet been published.
It was reported that dysplasia (DYS) and basal
cell hyperplasia (BCH) are the precancerous lesions
of ESCC (Wang et al., 2003). The purpose of this
study is to identify support vector machine (SVM)
patterns which can be used to distinguish ESCC from
DYS, BCH, and healthy controls (HC), and to seek
markers associated with esophageal carcinogenesis.

2 Materials and methods
2.1 Patients
One hundred and eight-five serum samples were

collected with the agreement of the patients. Thirty
serum samples were taken preoperatively from ESCC
patients. Twenty-five of these patients were selected
for postoperative controls (PO) and serum samples
were also taken from them one week after the operation. Samples from 63 HC (22 males, 41 females) and
67 pre-cancer lesion (PCL) patients, including those
with DYS (27 cases, 13 males, 14 females) or BCH
(40 cases, 15 males, 25 females), were collected from
Linxian City, where the incidence of ESCC is the
highest in China. The ESCC group consisted of early
stage (n=2) and advanced stage (n=28) groups. The
DYS group consisted of I stage (n=19), II stage (n=7),
and III stage (n=1). The BCH group consisted of
different clinical stages: low grade BCH (n=32) and
medium grade BCH (n=8). The average ages of the
ESCC, DYS, BCH, and HC groups collected from the
high incidence area were 59 years (range 42–72
years), 49 years (range 35–70 years), 51 years (range
38–72 years), and 47 years (range 31–69 years), respectively (Table 1). Diagnoses were pathologically
confirmed. Patients with acute infection, allergic
disease, or autoimmune disease were excluded from
the study because these conditions were considered
likely to affect the expression of serum proteins. All
blood samples were taken from the patients in the
morning prior to food intake. The sera were first
placed at room temperature for 30 min, and then
centrifuged at 2 000 r/min for 20 min. The samples
were collected and stored at −80 °C for further
investigation.
2.2 SELDI ProteinChip analyses
All the samples were ordered randomly with
quality control (QC) samples before the experiment to
ensure that they were run in blind batches in the ProteinChips. After thawing on ice, the serum samples
were centrifuged at 3 000 r/min for 5 min and the
supernatants were collected. Then, 10 μl of serum was

Table 1 Sample statistics of each group
Group
ESCC
DYS
BCH
HC

Mean age
(year)

Men

Women

59
49
51
47

21
13
15
22

9
14
25
41

I stage/
low grade
19
32

Sample number
II stage/
medium grade
7
8

III stage/
high grade
1
0

IV stage
0

Stage for ESCC and DYS, grade for BCH. There were 25 ESCC postoperative control (PO) samples out of 30 ESCC patients. ESCC: esophageal
squamous cell carcinoma; DYS: dysplasia; BCH: basal cell hyperplasia; HC: healthy control
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mixed with 20 μl of lysate (9 mol/L urea, 2% (20 g/L)
3-[(3-cholamidopropyl)-dimethylammonio]-1-propane
(CHAPS), 0.1% (1 g/L) dithiothreitol (DTT),
50 mmol/L Tris-HCl, pH 9.0 (Sigma, USA)). After
vortex-mixing, 360 μl of binding buffer (50 mmol/L
sodium acetate, pH 3.5, containing 0.1% (1 g/L)
Octyl-β-D-glucopyranoside (OGP) (Sigma)) were
added to each serum sample. The weak cation exchange (CM10) chips were assembled in a bioprocessor (Ciphergen Biosystems, Fremont, CA, USA)
and every spot on the chips was equilibrated twice
with 150 μl of binding buffer for 5 min. Then, 100 μl
of diluted serum sample was added to each well of the
bioprocessor and agitated for 60 min to allow the
protein to combine with the protein chips. After discarding the uncombined samples, each well was
washed three times with 150 μl of binding buffer, and
then twice with deionized water. After all the spots
were air-dried, 1 μl of sinapinic acid (SPA) solution (a
semi-saturated solution of sinapinic acid in 50% acetonitrile and 0.5% trifluoroacetic acid) was added to
each spot and air-dried. All the chips were read on a
protein biological system II mass spectrometer reader.
The data for each spot was the average of 65 laser
shots. The detection parameters were set as follows:
the laser intensity was 170, the detector sensitivity
was 6 and the mass range was between 2 and 50 kDa.
The all-in-one peptide molecular mass standard was
adopted to calibrate the mass accuracy to make the
relative mass error less than 0.1%.
2.3 Bioinformatics analysis
All of the data processing was performed using
ProteinChip Software 3.2 (Ciphergen Biosystems) to
adjust the intensity and molecular weight. First, the
baseline was subtracted. Then the spectra intensities
of all samples were normalized. After the filtration of
noise from the spectra, the automatic peak detection
pass was used to detect the markers. Finally, the peaks
in different samples were clustered. The values of
intensities were standardized within the range from
−1 to 1.
2.4 SVM classifier
SVM has been used in various fields as a statistical learning theory system (Vapnik, 1995). It is a
powerful analytical tool which is especially suitable
for analyzing complex data such as that derived from

SELDI-TOF-MS. To distinguish the data from different groups, we constructed a non-linear SVM
classifier based on the shareware program OSU SVM
V. 3.00 Toolbox, with a radial based function (RBF)
kernel, with a parameter Gamma of 0.6 and a cost of
the constrain violation of 19. The accuracy, specificity, and sensitivity of the model were estimated using
the 1 000 fold cross-validation approach. In this approach, 4/5 of the samples were taken at random to
form a training set to fit the parameters of the classifier, and 1/5 to form the test set to assess the performance of the specified classifier. The procedure
was repeated 1 000 times. The accuracy, specificity,
and sensitivity of the model were calculated based on
the average of the 1 000 test results.
2.5 Feature selection and model establishment
The p value of each peak was calculated by
nonparametric tests from the biomarker wizard application (Ciphergen Biosystems) and the power of
each peak in discriminating different groups was
estimated according to the p value. Receiver operating characteristic (ROC) curves were also generated
to calculate the areas under the curves (AUCs) using
SPSS 10.0. We selected the peaks that had statistically significant differences in their intensities
(p≤0.01) as markers with higher individual diagnostic
power. All combinations of these markers were used
to establish SVM models in order to select the best set
of candidate biomarkers. The SVM model with the
highest diagnostic power (that with the highest accuracy) was selected to be the final model and the
markers in this SVM model were selected as the set of
potential biomarkers.

3 Results
3.1 Markers and patterns for discrimination
between ESCC and HC
After filtering noises and clustering using Ciphergen ProteinChip Software 3.2, 179 peak clusters
from 2 to 100 kDa were detected from all the spectra.
Data derived from ESCC and HC groups were
analyzed firstly. The 179 qualifying peaks were
ranked by their p values from nonparametric tests.
The 12 top-scoring peaks (p<10−5) were selected and
the AUCs of these markers were calculated

967

Zhai et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2012 13(12):964-971

(AUC>0.78). Then, changes in the 12 markers were
evaluated in the ESCC, PCL, HC, and PO groups. The
markers 6 814 (6.8 kDa), 7 945 (7.9 kDa), 7 989
(8.0 kDa), 15 869 (15.9 kDa), 15 969 (16.0 kDa),
16 172 (16.2 kDa), and 25 127 (25.1 kDa) were
up-regulated in ESCC compared with PCL and HC
(p<0.05). The intensities of the 7.9, 8.0, 16.0, 15.9,
16.2, and 25.1 kDa markers increased gradually in the
HC, PCL, and ESCC groups. The expressions of the
7.9, 15.9, and 25.1 kDa markers also showed significant differences (p<0.05) between the PCL and
HC groups (Fig. 1a). In the PO group, the expressions
of the 8.0, 16.0, 16.2, and 25.1 kDa markers were
much lower than those in the ESCC group (p<0.01)
(Fig. 1b).
In contrast, the expressions of the 2 749
(2.7 kDa), 2 770 (2.8 kDa), 2 940 (2.9 kDa), 2 956
(3.0 kDa), and 5 646 (5.6 kDa) markers were
down-regulated in the ESCC group compared with
the HC group. The intensities of the 2.8, 2.9, 3.0, and
(a)

(b)

*p<0.05

25

5.6 kDa markers decreased gradually in the HC, PCL,
and ESCC groups. The expression of the 5.6 kDa
marker showed significant differences not only between the ESCC and PCL groups but also between the
PCL and HC groups (p<0.05) (Fig. 2a). All these
markers showed a tendency to increase after operation (Fig. 2b).
A representative gel view and spectral overlay
of these markers are shown in Fig. 3. The 12 peaks
from the 74 training set samples were selected and
put into SVM models randomly. After the model
accuracy calculation, the peak with the highest
Youden’s index was selected and used as the optimal
diagnosis model to distinguish the different groups.
This diagnosis model consisted of five biomarkers
with m/z values of 5.6, 2.8, 16.2, 25.1, and 7.9 kDa,
respectively. The combination of these five biomarkers generated a higher AUC (0.94) value than the
best individual biomarker (0.82; 5.6 kDa). The biomarkers 7.9, 25.1, and 5.6 kDa changed gradually in
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Fig. 1 Differences in the expressions of seven markers in ESCC, PCL, and HC groups (a) and in ESCC, PO, and
HC groups (b)
(a) Markers showed significantly higher expressions in ESCC than in PCL and HC groups (p<0.05). The expressions of the
7.9, 15.9, and 25.1 kDa markers also showed significant differences (p<0.05) between PCL and HC groups; (b) Expressions
of 8.0, 16.0, 16.2, and 25.1 kDa markers in the PO group were significantly lower than those in the ESCC group (p<0.01)
(* p<0.05 or * p<0.01 significant difference versus the groups before)
(a) 100

(b)
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Fig. 2 Differences in the expressions of five markers in ESCC, PCL, and HC groups (a) and in ESCC, PO, and HC
groups (b)
(a) Expressions of the 2.7, 2.8, 3.0, and 5.6 kDa markers decreased significantly in the ESCC group compared with in the
PCL and HC groups (p<0.05). The expressions of the 2.9 and 5.6 kDa markers decreased significantly in the PCL group
compared with the HC group (p<0.05). * p<0.05 significant difference versus the groups before. (b) All these markers
tended to increase expression after operation
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(a)

(b)

Fig. 3 Differential expressions of serum markers
(a) Representative spectral overlays of the serum markers from ESCC (black line), PCL (red line), and HC (blue line)
individuals. The overlays show that expressions of the markers 7.9, 8.0, 15.9, 16.0, 16.2, and 25.1 kDa gradually increase
from the HC, PC to ESCC group, whereas concurrently the expressions of the markers 2.7, 2.8, and 5.6 kDa decrease in the
ESCC group. Numbers in the mass spectra represent the observed mass of the marker in the particular sample; (b) Detection
of differentially expressed ovarian cancer associated serum proteins. A representative gel view of ESCC was associated
serum markers. Gels from three representative ESCC serum samples are shown at the top, three representative PCL samples in the middle, and three HC spectral profiles at the bottom (Note: for interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article)

all the ESCC, PCL, and HC groups (p<0.05)
(Figs. 1–3). According to the evaluation of results by
leave-one cross-validation, the five-peak SVM model
had a specificity of 100% and a sensitivity of 100%.
The remaining 19 serum samples were tested as
a blind group and analyzed according to the five-peak
SVM model. The results showed that the specificity
and sensitivity of the five-peak SVM model for the
blind test were 96.8% and 87.1%, respectively.
3.2 Discrimination of esophageal PCL
Esophageal PCL is a very important stage in the
carcinogenesis of ESCC. The SVM patterns distinguishing PCL from ESCC and HC groups were also
established. The pattern discriminating ESCC from
DYS based on five markers had a specificity of 92.2%
and a sensitivity of 97.6%. The pattern discriminating

ESCC from BCH based on ten markers had a specificity of 97.3% and a sensitivity of 95.6%. The pattern
discriminating DYS from HC based on four markers
had a specificity of 90.6% and a sensitivity of 84.7%,
and the pattern discriminating BCH from HC based
on three markers had a specificity of 96.3% and a
sensitivity of 59.5% (Table 2). Except for the pattern
discriminating BCH from HC, all patterns had high
specificity and sensitivity. The PO group was also
compared with the ESCC group. The pattern based on
two markers had a specificity of 83.3% and a sensitivity of 84.7% (Table 2).
3.3 Reproducibility
Twelve serum samples from the same healthy
person, collected and applied to chips at random, were
used to determine the reproducibility of the protein

Table 2 Patterns discriminating ESCC, DYS, BCH, HC, and PO
Distinguishing pattern
ESCC vs. HC
ESCC vs. DYS
ESCC vs. BCH
DYS vs. HC
BCH vs. HC
ESCC vs. PO

Marker (Da)
2 770, 5 646, 7 945, 16 172, 25 127
2 749, 3 944, 6 642, 15 869, 28 061
2 162, 2 696, 3 896, 3 944, 4 393
5 347, 5 925, 6 814, 23 376, 23 527
2 944, 13 768, 13 978, 28 061
9 304, 7 781, 8 159
2 780, 3 825

Specificity (%) Sensitivity (%)

Accuracy (%)

96.8
92.2
97.3

87.1
97.6
95.6

93.8
95.2
96.6

90.6
96.3
83.3

84.7
59.5
84.7

84.6
82.3
83.9
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chips. Thirty-five proteins in the range of 4–10 kDa
observed on spectra were selected to calculate the
coefficient of variance (CV). The CV for the normalized intensity of the 35 selected peaks was
17.95% (<20%) and the CV for the mass of the 35
selected peaks was 0.01% (<0.05%).
3.4 Esophageal carcinoma tumor marker levels
Cytokeratin-19 fragment (CYFRA 21-1), CA
19-9, and CEA have been reported as common tumor
markers of esophageal carcinoma. In this paper, these
markers were measured in 29 esophageal carcinoma
patients and in 56 healthy people using enzymelinked immunosorbent assay (ELISA), and the sensitivity and specificity of each individual biomarker
were also studied. The cut-off points were at
2.0 ng/ml for CYFRA 21-1, 30 U/ml for CA 19-9, and
5 ng/ml for CEA. The analysis results showed that the
diagnostic sensitivities of CYFRA 21-1, CA 19-9, and
CEA were 17.2% (5/29), 17.2% (5/29), and 27.6%
(8/29), respectively. The specificities for CYFRA
21-1, CA 19-9, and CEA were 96.4% (54/56), 89.3%
(50/56), and 91.1% (51/56), respectively. The SVM
model based on proteomics serum biomarkers had
much higher sensitivity and specificity than CYFRA
21-1, CA 19-9, and CEA.

4 Discussion
Early detection is one of the greatest challenges
in the study of oncology. The five-year survival rate is
more than 90% for early esophageal cancer patients,
but only 10%–15% for patients in late or advanced
stages (Yang, 1980; Lu et al., 1988). Therefore, prevention and early detection are both very important
for improving the prognosis of ESCC. Recent advances in protein profiling technologies for identifying candidate novel tumor biomarkers have raised
great interest in searching for cancer biomarkers. New
cancer biomarkers could be used as indicators of
early-stage disease.
Tumor biomarkers such as CEA, CA 19-9, and
SCCA have been widely investigated in the treatment
of esophageal cancer patients (Tanaka et al., 2010).
However, the application of these markers to the
clinical diagnosis of esophageal cancer is still limited
by their low sensitivity and specificity. As a soluble
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CYFRA 21-1, the probability of clinical utilization of
CYFRA 21-1 in esophageal cancer has also been
tested. CYFRA 21-1 shows higher sensitivity than
CEA, CA 19-9, and SCCA (Brockmann et al., 2000;
Kawaguchi et al., 2000). However, the sensitivity of
all these markers is still less than 10%, and therefore
they do not meet the high requirements for early
esophageal cancer detection (Nakamura et al., 1998).
In our results, we also found that the sensitivity and
specificity of individual CEA, CA 19-9, and CYFRA
21-1 biomarkers were very low in screening for
esophageal cancer.
ESCC has a multi-factorial nature. An effective
detection method can be achieved if we choose a
combined diagnosis model instead of using single
biomarkers. A combination of SELDI-MS and ProteinChip technology could provide a high-throughput
proteomic profiling tool (Adam et al., 2002). The
“fingerprints” of ESCC and a unique diagnostic
model can also be established if a sophisticated bioinformatics tool is adopted for complex data analysis.
In our study, sera from many groups were collected to build the specific protein profiling model.
Markers showing differential expression in the ESCC
and HC groups were the first focus. We identified
many markers that changed gradually in the ESCC,
PCL, and HC groups. The markers 5.6, 7.9, 15.9, and
25.1 kDa showed significant differences among all
three groups (p<0.05). The markers 8.0, 16.0, 16.2,
and 25.1 kDa that showed increased expression in the
ESCC group showed significantly decreased expression (p<0.05) in the postoperative patients. The
marker 25.1 kDa was of particular interest because it
increased significantly and progressively in the HC,
PCL, and ESCC groups and decreased significantly
after operation. This marker was selected to build the
SVM pattern for the diagnosis of ESCC. The role of
biomarker 25.1 kDa is very important in esophageal
carcinogenesis.
To estimate the sensitivity and specificity of the
combination model established here, 1 000 tests and
training sets were compiled by random selection. The
sensitivity and specificity were assessed according to
the average of the 1 000 tests. Every combination of
the markers screened out in the first step was considered. This method may be more time-consuming
compared to a stepwise approach, but it can find the
best marker combination.
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Using ProteinChip technology, different groups
of serum protein biomarkers for ESCC were identified with different expression characteristics in the
HC, BCH, DYS, and ESCC groups. The aim of our
study is to identify biomarkers for ESCC diagnosis as
well as to screen the biomarkers associated with the
carcinogenesis of ESCC, and to profile the differential protein expression patterns before and after operation. We created SVM patterns distinguishing
ESCC from DYS, BCH, and HC groups with high
sensitivity, specificity, and overall accuracy. The pattern discriminating BCH from HC yielded unsatisfactory results.
We carried out purification of these protein
biomarkers. Other researchers have also announced
successful purification of biomarkers using tryptic
peptide mapping (Rai et al., 2002) or amino acid
sequencing technology (Klade et al., 2001). The
marker 28 061 Da, which showed a marked decrease
in the expression in the DYS group, was identified as
apolipoprotein A-1 by our primary bioinformatics
analysis. The down-regulation of this protein in
ovarian cancer was reported by Hu et al. (2005).
However, many biomarkers of low abundance need
further purification.
In conclusion, we identified and selected five
biomarker protein patterns to construct a five-peak
SVM model for early detection of ESCC. This SVM
diagnosis model was used to discriminate among the
different stages of esophageal carcinogenesis. The
results showed that the specificity and sensitivity of
the five-peak SVM model for a blind test were 96.8%
and 87.1%, respectively. The advantages of the
five-peak SVM diagnosis model compared to a single
biomarker indicate that there is a great potential to
improve the detection of ESCC by using this kind of
combined biomarker model.
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