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Abstract: Among malignant tumors, the mortality rate of esophageal squamous cell carcinoma (ESCC) ranks sixth 
in the world. Late-stage diagnosis of ESCC increases the mortality. Therefore, more effective biomarkers for early 
diagnosis of ESCC are necessary. Unfortunately, appropriate biomarkers for clinical diagnosis and prognosis have 
not been identified yet. However, recent progresses in quantitative proteomics have offered opportunities to identify 
plasma proteins as biomarkers for ESCC. In the present study, plasma samples were analyzed by differential in-gel 
electrophoresis (DIGE) and differentially expressed proteins were identified by matrix assisted laser desorption 
ionization-time of flight/time of flight mass spectrometry (MALDI-TOF/TOF MS). A total of 31 proteins representing 
12 unique gene products were identified, in which 16 proteins were up-regulated and 15 down-regulated in tumors. 
The up-regulated proteins were alpha-2-HS-glycoprotein (AHSG), leucine-rich alpha-2-glycoprotein (LRG), zinc-alpha-
2-glycoprotein, alpha-1-antichymotrypsin, complement factor I and complement C4-B, whereas the down-regulated 
proteins were serum albumin, Ig alpha-2 chain C region, alpha-1-antitrypsin, fibrinogen gamma chain, haptoglobin 
and hemoglobin subunit alpha. Among all the differentially expressed proteins, AHSG and LRG were validated by 
ELISA. The results were consistent with the data from the proteomics results, further suggesting that AHSG and LRG 
may be employed as potential biomarkers for the early diagnosis of ESCC. In summary, this study was the first time 
to use DIGE combined MALDI-TOF/TOF platform to identify the potential plasma biomarkers for ESCC. The plasma 
AHSG and LRG showed great potential for ESCC screening. 
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Introduction

Esophageal cancer (EC) is the eighth most com-
mon incident cancer in the world because of its 
extremely aggressive nature and poor survival 
rate [1]. EC affects more than 450000 people 
worldwide and the incidence is rapidly increas-
ing [2]. Moreover, about half of world’s EC cases 
newly diagnosed each year occurred in China 
[3], and esophageal squamous cell carcinoma 
(ESCC) is the predominant histological subtype 
and accounts for nearly 90% of all EC [4]. 
Unfortunately, the majority of ESCC patients 
have advanced metastatic disease at initial 
diagnosis and are inappropriate for curative 
resection [5], the overall 5-year survival rate 

remains poor despite significant improvements 
in surgical techniques and adjuvant chemora-
diation [6]. Taken together, late-stage diagnosis 
increases the mortality of ESCC. Therefore, it is 
imperative to search more effective biomarkers 
for early diagnosis of ESCC. However, the appro-
priate biomarkers for clinical diagnosis and 
prognosis have not been identified yet. 

Recent progresses in quantitative proteomics 
have offered opportunities to discover plasma 
biomarkers for ESCC. To date, most studies on 
cancer proteomics have used tumor and adja-
cent non-tumor tissue samples as the primary 
source to search for biomarkers, followed by 
immortalized cell lines and malignantly trans-
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formed counterparts [7]. However, the greatest 
potential breakthrough will be through the iden-
tification of validated biomarkers, ideally in 
plasma. There has been growing interest in the 
use of proteomics methods on peripheral blood 
plasma to rapidly profile protein markers [8, 9]. 
Liquid chromatography methods such as high 
performance liquid chromatography and two-
dimensional liquid chromatography have been 
increasingly employed for protein separation, 
and mass spectroscopy techniques such as 
matrix assisted laser desorption ionization-
time of flight/time of flight mass spectrometry 
(MALDI-TOF/TOF MS) have been used to ana-
lyze the proteins [9]. The surface enhanced 
laser desorption/ionization-time of flight (SEL- 
DI-TOF) MS technique, in which chromatograph-
ic separation is achieved on a solid surface and 
the proteins analyzed intact, has been investi-
gated to identify serum and tissue proteomic 
profiles that could be used in clinical practice 
[9]. Differential in-gel electrophoresis (DIGE) is 
able to co-detect numerous samples in the 
same two-dimensional gel (2DE) to minimize 
gel-to-gel variation and compare the protein 
features across different gels by means of an 
internal standard [10], it has been used widely 
to search the biomarkers for numerous 
cancers.

In this study, we developed a proteomics-based 
approach that involves immune-depletion of 
high-abundance proteins, 2D-DIGE analysis, 
and subsequent MALDI-TOF/TOF MS identifica-
tion to obtain a panel of differentially expressed 
plasma proteins from ESCC patients.

Materials and methods

Plasma sample preparation

For DIGE, 6 donors in a single hospital (The 
First Affiliated Hospital of Zhengzhou University, 
Henan, China) were enrolled in this study from 
Jan 2013 to Dec 2013, which were divided into 
ESCC patients group (n = 3) and healthy donors 

group (n = 3). The criteria to assess the pres-
ence of ESCC were based on the pathological 
diagnosis and guidelines proposed by the World 
Health Organization. None of the patients had 
received radiotherapy or chemotherapy before 
plasma collection. Healthy individuals were 
selected with no ESCC diagnosed clinically. An 
additional group of 45 ESCC patients and 45 
healthy donors were selected for ELISA. All 
plasma samples were stored at -80°C before 
use. This study was approved by the Institutional 
Research Board and carried out according to 
the Helsinki Declaration Principles. Written 
informed consent was collected from all partici-
pating subjects. The albumin and immunoglob-
ulin G in the collected plasma samples were 
depleted using an albumin and IgG removal kit 
(Sigma-Aldrich) in accordance with the manu-
facturer’s instructions. The depleted plasma 
samples were then precipitated with 2D Clean-
up Kit (GE Healthcare) according to the manu-
facturer’s protocol and resuspended in Lysis 
Buffer (7 M urea, 2 M thiourea, 4% CHAPS, 30 
mM Tris-HCl, at pH 8.5). Protein concentrations 
were determined by 2D Quant Kit (GE Heal- 
thcare) according to the manufacturer’s instruc-
tions. The purified samples were preserved at 
-80°C before DIGE.

DIGE analysis

The purified samples were labeled using the 
fluorescent cyanine dyes (CyDye) developed for 
DIGE technology following the manufacturer’s 
recommended protocols (GE Healthcare) [10]. 
In brief, the internal standard was prepared by 
combining equal portions of each of the pooled 
samples. Sample proteins (50 μg) were labeled 
with Cy3 or Cy5, and the internal standard mix-
ture with the same protein amount was labeled 
with Cy2. Mixed solutions were incubated on 
ice for 30 min in the dark. The reactions were 
then quenched with the addition of 1 μl of 10 
mM lysine for 10 min on ice in the dark. The 
quenched Cy3- and Cy5-labeled samples and 
the Cy2-labeled internal standard were pooled 
prior to 2-DE analysis. Meanwhile, a prepara-
tive gel, containing 800 μg of unlabeled inter-
nal standard mixture proteins, was prepared. 
The plasma samples arrangement for a tripli-
cate DIGE experiment is shown in Table 1. The 
rehydration process was performed with immo-
bilized non-linear pH gradient (IPG) strips (pH 
3-10 NL, 24 cm) which were later rehydrated by 

Table 1. Arrangement of plasma samples for a trip-
licate DIGE experiment
Gel NO. Cy2 (50 μg) Cy3 (50 μg) Cy5 (50 μg)
Gel 1 Pool Healthy donor 1 ESCC patient 1
Gel 2 Pool ESCC patient 2 Healthy donor 2
Gel 3 Pool Healthy donor 3 ESCC patient 3
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CyDye-labeled samples in the dark at room 
temperature overnight. Isoelectric focusing was 
then performed using an IPGphor III apparatus 

(GE Healthcare) for a total of 60 kVh at 20°C. 
The gels were then run in an Ettan DALT Six gel 
tank (GE Healthcare) at 3 Watt per gel at 10°C 

Figure 1. DIGE images of the plasma samples from ESCC patients and healthy donors were shown (upper images) 
as well as the merged pseudo-colored image processed with ImageQuant software (bottom image). The differen-
tially expressed proteins were annotated with spot numbers.
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until the dye front had completely run off the 
bottom of the gels. Afterward, the fluorescence 
2DE gels were scanned directly between the 
low fluorescent glass plates using an Ettan 
DIGE Imager (GE Healthcare). Gel analysis was 
performed using DeCyder 2D Differential 
Analysis Software v7.0 (GE Healthcare) to co-
detect, normalize and quantify the protein fea-
tures in the images. Spots displaying 1.5 aver-
age-fold increase or decrease in abundance 
with P < 0.05 were selected for protein iden- 
tification.

Protein identification

Selected protein spots were excised from the 
gel using Ettan spot picker (GE Healthcare), 

Bioinformatics analysis

The theoretical isoelectric point (pI) and molec-
ular weight (MW) of protein spots were obtained 
through MALDI-TOF/TOF Mascot database 
searching. The function of the identified pro-
teins was elucidated by UniProt knowledgebase 
(UniProtKB/Swiss-Prot).

ELISA 

Enzyme immunoassay (EIA) polystyrene micro 
titration wells were coated with 50 µg of protein 
samples and incubated at 37°C for 2 h. The 
plate was washed for three times with phos-
phate buffered saline-Tween 20 (PBST) and 
three times with phosphate buffered saline 

Table 2. Identification of differentially expressed proteins by MALDL-TOF/TOF MS. 
Spot No.a Protein name ACb MWc pId Average ratiose

799, 851, 903 Serum albumin P02768 71.3 5.92 -2.27, -2.03, -3.64

1013, 1015, 1027, 1039, 1061, 1075 Alpha-1-antichymotrypsin P01011 47.8 5.33 1.96, 1.55, 1.99, 2.25, 2.20, 1.95

1077, 1078 Ig alpha-2 chain C region P01877 37.3 5.71 -1.52, -9.08, 

1079, 1092 -4.81, -4.93

1181 Alpha-1-antitrypsin P01009 46.9 5.37 -5.77

1205, 1209 Alpha-2-HS-glycoprotein P02765 40.1 5.43 3.20, 4.58

1284, 1289, 1290 Fibrinogen gamma chain P02679 52.1 5.37 -11.39, -39.55, -39.58

1346, 1382, 1420 Leucine-rich alpha-2-glycoprotein P02750 38.4 6.45 1.62, 2.25, 3.06

1537 Zinc-alpha-2-glycoprotein P25311 34.1 5.57 1.89

1659, 1662 Complement factor I P05156 68.1 7.72 1.71, 1.62

1787, 1792 Complement C4-B P0C0L5 194.2 6.73 1.52, 1.73

2270, 2273, 2444 Haptoglobin P00738 45.9 6.13 -36.64, -41.36, -24.13

2454 Hemoglobin subunit alpha P69905 15.3 8.72 -10.73
aSpot number corresponding to the annotation shown in Figure 1. b,c,dAccession number (SwissProt), theoretical molecular weight (kD) and isoelectric point were obtained 
by Mascot MS-MS ion searching following MALDI -TOF/TOF MS. eAverage ratios between ESCC patients and healthy controls. 

Figure 2. Classification of the differentially expressed proteins accord-
ing to biological functions.

subjected to in-gel digestion and pro-
tein IDs were determined by MS/MS 
analysis using a MALDI-TOF/TOF 
mass spectrometer, ABI-4800 (Ap- 
plied Biosystems). For MS analyses, 
typically 800 shots were accumulat-
ed. MS/MS analyses were performed 
using air, at collision energy of 2 KV. 
MASCOT search engine (version 2.1, 
Matrix Science) was used to search 
all of the tandem mass spectra. GPS 
ExplorerTM software (version 3.6.2, 
Applied Biosystems) was used to cre-
ate and search files with the MASCOT 
search for peptide and protein identi-
fication. Protein identities were obt- 
ained by using Mascot searching 
engine against Swiss-Prot non-redun-
dant sequence databases selected 
for human taxonomy.
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(PBS). After the uncoated space was blocked 
with 100 µl of 5% skimmed milk in PBS at 37°C 
for 2 h, the plate was washed three times with 
PBST. AHSG antibody (Abcam) and LRG anti-
body (Abcam) solutions were added and incu-
bated at 37°C for 2 h. After washing with PBST 
and PBS for 10 times in total, 100 µl of peroxi-
dase-conjugated secondary antibodies in PBS 
was added for incubation at 37°C for 2 h. 
Following 10 washings, 100 µl of 3,3’,5,5’-tetra-
methyl benzidine (Pierce) was added. After 
incubation at room temperature for 30 min, 
100 µl of 1 M H2SO4 was added to stop the 
reaction followed by measured absorbance at 
450 nm using SpectraMax M5 (Molecular 
Devices).

Statistical analysis

Statistic features in DeCyder were used for 
evaluation of DIGE gels. Protein spots, which 
were found differentially expressed between 
groups (at least 50% change of ratios between 
groups and t-test P < 0.05) were extracted. For 
ELISA analysis, independent-samples t-test 
was used to determine mean differences 
between two groups and P < 0.05 was used to 
assess significance of differences with SPSS 
13.0 software.

Results

DIGE analysis of differentially expressed 
plasma proteins between ESCC patients and 
healthy donors 

According to the DeCyder software analysis, 
about 1500 protein spots were constantly 
detected in each gel and quantified, normalized 
and inter-gel-matched. Due to the CyDye DIGE 
Fluor detection limit and the CyDye linear 
response in protein concentrations over five 
orders of magnitude, 31 protein spots with sig-
nificant differences were detected between 
ESCC patients and healthy honors. As shown in 
Figure 1, the differentially expressed protein 
figures were shown more than 1.5-fold changes 
in expression level with the Student t-test (P < 
0.05).

Identification of differentially expressed pro-
teins by MALDI-TOF/TOF MS

31 differentially expressed protein spots were 
excised and subsequently in-gel digested by 

trypsin, then successfully analyzed by MALDI-
TOF/TOF MS. Among those 31 spots, 16 up-
regulated and 15 down-regulated proteins were 
identified. The up-regulated proteins were leu-
cine-rich alpha-2-glycoprotein, alpha-1-antichy-
motrypsin, alpha-2-HS-glycoprotein, zinc-alpha-
2-glycoprotein, complement factor I and com-
plement C4-B, whereas the down-regulated 
proteins were serum albumin, Ig alpha-2 chain 
C region, alpha-1-antitrypsin, fibrinogen gamma 
chain, haptoglobin and hemoglobin subunit 
alpha. Details of these proteins were listed in 
Table 2.

Bioinformatics analysis

These identified proteins are functionally in- 
volved in inflammatory response (38.7%), im- 
mune response (29%), transportation (19.4%) 
and coagulation (12.9%) (Figure 2).

Validation by ELISA

As shown in Figure 3, AHSG and LRG were both 
significantly increased in the plasma of ESCC 
patients. To verify the abundances of proteins 
deduced from the proteomics results, the 
abundance levels of AHSG and LRG were inves-
tigated by ELISA respectively. Interestingly, 
these results were consistent with the data 
from the proteomics experiments (Figure 4).

Discussion

Differential proteomics have been widely used 
to identify all types of biomarkers in cancer 
research [11]. The application of serum bio-
markers for the screening and diagnosis of 
ESCC was studied because of their advantages 
of less pain and wider accessibility [12]. Tumor 
biomarkers such as carcinoembryonic antigen 
(CEA), carbohydrate antigen 19-9 (CA 19-9), 
and squamous cell carcinoma antigen (SCCA) 
have been widely investigated in the treatment 
of EC patients [13]. However, the application of 
these markers to the clinical diagnosis of EC is 
still limited by their low sensitivity and specific-
ity. Therefore, it is necessary to search for new 
biomarkers with high sensitivity and specifi- 
city.

To our knowledge, we are the first to utilize 
DIGE and MALDI-TOF/TOF platform to look for 
potential plasma biomarkers for ESCC. Our pro-
teomics analysis revealed 31 altered plasma 
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Figure 3. Relative abundance and 3D-view of AHSG (A) and LRG (B) analyzed by Decyder 2D software. 
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proteins corresponding to 12 unique plasma 
proteins. These proteins were functionally 
involved in inflammatory response, immune 
response, transportation and coagulation. 
Interestingly, they have not been reported as 
biomarkers for ESCC in previous studies except 
haptoglobin. Accordingly, the combination of 
these identified proteins might be further eval-
uated as ESCC specific biomarkers.

Alpha-2-HS-glycoprotein (AHSG), also known as 
human fetuin-A, is a major serum glycoprotein 
synthesized and secreted by the liver. A number 
of studies suggest that AHSG is a multifunc-
tional protein involved in calcium homeostasis, 
bone development and insulin sensitivity [14, 
15]. Additionally, AHSG has the characteristics 
of a negative acute-phase protein, in that the 
serum concentrations decrease significantly 
after major surgical procedures, trauma, burns, 

and severe inflammation [16]. Interestingly, 
AHSG can inhibit intestinal tumor progression 
by blocking TGF-β signal transduction [17]. In 
our study, AHSG is up-regulated in ESCC plas-
ma, and validated by ELISA. The results sug-
gested that AHSG may play a major role in ESCC 
tumorigenesis.

Leucine-rich alpha-2-glycoprotein (LRG) is a 
secreted glycoprotein. In previous literatures, 
LRG has been shown to be involved in cell 
adhesion and has been recognized as a bio-
marker for certain diseases including microbial 
infections [18], autoimmune diseases [19], 
lung cancer [20] and hepatocellular carcinoma 
[16], etc. Our experiment results revealed that 
LRG was up-regulated in ESCC plasma and vali-
dated by ELISA analysis. Our results are the 
first time to support LRG as a potential plasma 
marker for ESCC. 

Zinc-alpha-2-glycoprotein (ZAG) is a glycopro-
tein secreted by a variety of normal epithelia 
and was recently shown to stimulate lipolysis in 
adipocytes, leading to the development of 
cachexia in animals with ZAG-producing tumors 
[21]. In our study, ZAG is up-regulated in ESCC 
plasma. We deemed that ZAG may play a major 
role in ESCC cachexia. 

Alpha-1 antichymotrypsin (ACT), is a protease 
inhibitor thought to limit tissue damage pro-
duced by excessive inflammation-associated 
proteolysis [22]. ACT has been recognized as a 
biomarker for certain cancers including colorec-
tal adenocarcinomas [23], breast cancer [24] 
and cervical carcinoma [25]. In our experiment, 
ACT is over-expressed in ESCC plasma. We 
speculate that ACT may be as a protease inhibi-
tor to limit tissue damage produced by exces-
sive inflammation-associated proteolysis. 

Complement C4-B (C4B) is an isotype of com-
plement C4. C4B functions more in the propa-
gation of the activation pathways that lead to 
the formation of the membrane attack complex 
in attacking foreign antigens [26]. Complement 
factor I (CFI) is a plasma serine protein which 
plays a prominent role in the regulation of the 
complement system. The activated C4B is also 
cleaved by CFI, in the presence of C4 binding 
protein. Several studies reported that serum 
complement proteins may include some effi-
cient biomarkers related to cancers, such as 
ovarian cancer, breast cancer and bladder can-

Figure 4. Verification of AHSG and LRG expression 
levels between ESCC patients and healthy donors by 
ELISA analysis. The scatter plots represented protein 
expression variations. Independent samples t-test 
was performed with SPSS 13.0 software (P < 0.05). 
The plasma concentration of AHSG in control group 
was 140.9 ± 27.3 µg/ml, but 308.4 ± 62.3 µg/ml 
in ESCC group. Similarly, LRG was 45.3 ± 9.4 µg/ml 
in control donors, but 118.1 ± 24.3 µg/ml in ESCC 
patients. These ELISA results were consistent with 
the data from 2D-DIGE, and further suggested that 
AHSG and LRG may be employed as potential bio-
markers for the early diagnosis of ESCC.
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cer, etc [27]. In our study, CFI and C4B were 
both up-regulated, which may play important 
roles in elimination of damaged tumor cells.

Serum albumin (ALB), the main protein of plas-
ma, is synthesized and secreted by the liver. 
Low serum albumin has also been shown to be 
an independent indicator for prognosis in can-
cer patients with unknown primaries [28]. Our 
study revealed that ALB was down-regulated in 
ESCC plasma, indicates that malnutrition and 
inflammation of ESCC may suppress ALB syn- 
thesis.

Ig alpha-2 chain C region (IGHA2) belongs to the 
major immunoglobulin class in body secretions. 
High blood Ig and circulating immune complex 
values in patients with cancer have been 
repeatedly reported and suggested as tumor 
markers with varying regulation patterns in 
numerous cancers [29]. In our study, however, 
the decreased plasma level of IGHA2 was con-
trary to the previous reports about other can-
cers, revealing a potential biomarker of ESCC. 

Alpha-1-antitrypsin (A1AT), a member of the 
serpin superfamily, is highly expressed by hepa-
tocytes. It inhibits neutrophil proteases to pro-
tect host tissues from nonspecific injury associ-
ated with episodes of inflammation. A number 
of studies suggest that A1AT may be a potential 
biomarker in many kinds of cancers [30, 31]. 
Decreased level of A1AT in our study indicates 
that the A1AT level of plasma may be a useful 
protein biomarker of ESCC. 

Fibrinogen gamma chain (FGG) is one of fibrino-
gen degradation products generated during 
fibrinolysis. FGG has a COOH-terminal globular 
domain to which several integrin cell adhesion 
receptors bind. In addition, fibrinogen and its 
gamma chain containing many specific binding 
sites and can regulate cellular adhesion and 
invasion. Recently, the correlation of fibrinogen 
and its degradation products with carcinogen-
esis was reported in oral squamous cell carci-
noma [32]. From our current DIGE results, 
down-regulated FGG plasma level may be relat-
ed to tumor thrombosis, which suggests that 
FGG is a useful predictor for ESCC. 

Haptoglobin (HP) is an acute phase protein syn-
thesized by liver parenchymal cells. It plays an 
important role in the regulation of epidermal 
cell transformation, immune suppression in 

cancer and angiogenesis. In our study, HP was 
decreased in the plasma of ESCC, whether it is 
a potential biomarker for screening ESCC 
requires further validations.

Hemoglobin subunit alpha (HBA1), one chain of 
hemoglobin, belongs to the globin family. A pre-
vious study revealed that HBA1 was down-regu-
lated in pancreatic cancer [33]. Decreased 
level of HBA1 in our research indicates that 
serum HBA1 may represent a clinically interest-
ing diagnostic marker of ESCC.

In summary, this study identified 12 differen-
tially-expressed plasma proteins associated 
with ESCC by DIGE combined MALDI-TOF/TOF 
platform, additionally, AHSG and LRG were vali-
dated by ELISA. After all, these results might 
provide a framework for future early diagnosis 
for ESCC. However, the potential of utilizing 
these biomarkers for screening and diagnosing 
ESCC requires further investigations.
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