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Abstract
AIM: To identify the differentially secreted proteins or
polypeptides associated with tumorigenesis of esophageal
squamous cell carcinoma (ESCC) from serum and to find
potential tumor secreted biomarkers.

METHODS: Proteins from human ESCC tissue and its
matched adjacent normal tissue; pre-surgery and post-
surgery serum; and pre-surgery and normal control serum
were separated by two-dimensional electrophoresis (2-DE)
to identify differentially expressed proteins. The silver-
stained 2-DE were scanned with digital ImageScanner and
analyzed with ImageMaster 2D Elite 3.10 software. A cluster
of protein spots differentially expressed were selected and
identified with matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF-MS). One of
the differentially expressed proteins, clusterin, was down-
regulated in cancer tissue and pre-surgery serum, but it
was reversed in post-surgery serum. The results were
confirmed by semi-quantitative reverse-transcription (RT)-
PCR and western blot.

RESULTS: Comparisons of the protein spots identified on
the 2-DE maps from human matched sera showed that some
proteins were differentially expressed, with most of them
showing no differences in composition, shape or density.
Being analyzed by MALDI-TOF-MS and database searching,
clusterin was differentially expressed and down-regulated

in both cancer tissue and pre-surgery serum compared with
their counterparts. The results were also validated by RT-
PCR and western blot.

CONCLUSION: The differentially expressed clusterin may
play a key role during tumorigenesis of ESCC. The 2DE-MS
based proteomic approach is one of the powerful tools for
discovery of secreted markers from peripheral.
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INTRODUCTION
Esophageal squamous cell carcinoma (ESCC), the major
histological form of esophageal cancer, is one of the most
common malignant tumors in China especially in the north part
of the country. Human ESCC carcinogenesis is a multistage
process involving multifactorial etiology and genetic-
environment interactions[1-3]. Patients with ESCC have a poor
prognosis, with 5-year survival rates of less than 10 %, because
of the rapid spread and of the cancer associated malnutrition
due to dysphagia and cachexia[4]. The molecular mechanisms
that underlie the tumor formation and progression are still not
completely perspicuous, although several progresses based on
alterations of gene expression[5] and disregulated proteins, such
as annexin I[6] and tumor rejection antigen[7] in esophageal cancer
via proteomic approaches have been reported recently. Discovery
of new markers to discriminate tumorigenic from normal cells,
as well as the different stage is critical important for early
detection and diagnosis of ESCC. The success of the Human
Genome Project and the initiation of human proteome are
strongly facilitating these efforts as tremendous information of
genes and proteins are currently available[8,9]. It would be possible
to undertake comprehensive profiling of tumor at the proteomics
level to identify protein alterations that are unpredictable at either
the genomics or transcriptomics levels[10]. However there is no
comprehensive study of esophageal cancer protein profiling or
protein expression patterns have been generated, especially the
tumor-associated serum protein biomarkers. To identify specific
protein tumor markers both in serum and tissue by proteomics
approaches is a currently critical issue[8,11,12].
     Tumor associated proteins as well as post-translational
modifications can be identified via proteomic methodologies.
In the present study, we used the 2-DE/mass spectrometry (MS)-
based proteomic analysis to profile the proteins in serum of ESCC
patients. We analyzed 17 pairs of patient-matched pre- and post-
surgery as well as normal and tumor sera from ESCC patients to
discover the alterations of expression profiling. We first found
the clusterin is loss in both serum and tissue of ESCC.



MATERIALS AND METHODS
Specimens and preparation
The esophageal specimens were from patients diagnosed with
esophageal cancer by the pathologists in Cancer Hospital of
Chinese Academy of Medical Sciences (CAMS) (Beijing,
China). The study was approved by the Institutional Review
Board of Cancer Institute of CAMS. The pre-surgery serum
were obtained from the first physical examination after the
patients presented to the hospital, ESCC tumor tissues were
obtained immediately after surgical resection and the post-
surgery serum were obtained from the matched patients during
the day 8 to day 10 after surgery. Sera described in Table 1,
were centrifuged at 3 000 g at 4  for 15 min. Both tissue and
serum samples were snap-frozen in liquid nitrogen immediately
and then stored at -80 . The tissues were homogenized in
five volumes of lysis buffer [8M urea, 4 % CHAPS, 2 %
Pharmalyte, pH 3-10, 10 mM DTT] and centrifuged at 12 000 g
at 4  for 40 minutes. The supernatant was removed and
protein concentration was determined using the Bradford assay.

Table 1  The matched sera for 2-DE

No. of matched-sera Gender    Age Histopathological diagnosis

M51Q-M51H     M     59 MDSCC
M88Q-M88H      F     56 MDSCC
M88Q-M88H     M     62 MDSCC
M92Q-M92H     M     65 MDSCC
M93Q-M93H     M     65 MDSCC
M141Q-Nor86      F     62 MDSCC
M149Q-Nor67     M     67 PDSCC
M151Q-Nor24     M     64 MDSCC
M156Q-Nor87      F     70 PDSCC
M160Q-Nor15     M     68 MDSCC
M162Q-Nor34     M     72 MDSCC
M168Q- Nor16     M     70 MDSCC
M180Q- Nor66      F     65 HDSCC
M180Q- Nor10      F     65 HDSCC
M181Q- Nor97     M     57 MDSCC
M192Q- Nor36     M     68 MDSCC
M193Q- Nor19      F     66 HDSCC

The abbreviations used are: Q, pre-surgery; H, post-surgery;
Nor, age and gender matched normal serum; MDSCC, moder-
ate differentiated squamous Cell Carcinoma; PDSCC, poorly
differentiated squamous Cell Carcinoma; HDSCC, Highly Dif-
ferentiated squamous Cell Carcinoma.

Reagents
Electrophoresis reagents including acrylamide solution (40 %),
N ,  N-m e th y len eb i sac ry lam id e ,  N ,  N ,  N ’ ,  N’ -
tetramethylethylenediamine, tris base, glycine, SDS, DTT,
CHAPS, Immobiline Drystrips, IPG buffer, IPG cover fluid,
LMW protein marker were from Amersham Pharmacia
Biotechnology Inc. (Uppsala, Sweden); Iodoacetamide was from
Acros (New Jersey, USA); Sequence grade Trypsin was from
Washington Biochemical Corporation; Trifluoroacetic acid
(TFA) was from Fluka (Switzerland); TrizolTM Reagent and
Transcriptase SuperScript IITM were from Gibco BRL; PVDF
membrane was from Bio-Rad; Taq DNA polymerase and dNTPs
were from TaKaRa; All other reagents were of analytical grade.

Analytical 2-DE
All sera or cell lysates were quantitated by Bradford assay. 2-
DE was performed by standard procedures as described[8,12]

using precast IPG strips (pH3-10 linear, 18 cm, Amersham
Pharmacia Biotechnology Inc.) in the first dimension,

isoelectric focusing (IEF). Briefly, 180 µg proteins were diluted
to a total volume of 350 µl with the buffer [8 M urea, 2 %
CHAPS, 0.5 % IPG buffer 3-10, 20 mM DTT and a trace of
bromophenol blue]. After loaded on IPG strips, IEF was carried
out according to the following protocol: 6 hours of rehydration
at 0 V; 6 hours at 30 V; 1 hour at 500 V; 1 hour at 1 000 V and
5 hours at 8 000 V. The current was limited to 50 µA per gel.
After IEF separation, the strips were immediately equilibrated
2×15 min with equilibration solution [50 mM Tris-HCl, pH6.8,
6 M urea, 30 % glycerol and 2 % SDS]. 20 mM DTT was
included in the first equilibration solution, and 2 % (w/v)
iodoacetamide was added in the second equilibration step to
alkylate thiols. SDS-polyacrylamide gel electrophoresis
(PAGE) was performed using 1 mm thick, 13 % SDS-PAGE
gels. The strips were held in place with 0.5 % agarose dissolved
in SDS/Tris running buffer and electrophoresis was carried
out at constant power (2.5 W/gel for 40 min and 15 W/gel for
6 hours) and temperature (20 ) using Ettan Dalt II system
(Amersham Pharmacia Biotechnology Inc.). Gels were stained
with silver nitrate according to the instructions of the silver-
staining kit (Amersham Pharmacia Biotechnology Inc.).

Gel scanning and image analysis
Silver stained 2-DE gels were scanned with ImageScanner and
analyzed including spots detection, quantification and
normalization with ImageMaster 2D Elite 3.10 (Amersham
Pharmacia Biotechnology Inc.). Statistical analysis was
performed using SPSS statistical software late.

In-gel protein digestion
Individual protein spot was excised from the gel by Ettan Spot
Picker (Amersham Pharmacia Biotechnology Inc.), destained
with the solution [15 mM potassium ferricyanide, 50 mM
sodium thiosulfate] and washed till opaque and colorless with
25 mM ammonium bicarbonate/50 % acetonitrile. After dried
with vacuum concentrator (SpeedVac Plus, USA) the gel was
rehydrated with 3-10 µl trypsin solution (10 ng/µl) at 4  for
30 min and then incubated at 37  overnight. Tryptic peptides
were eluted and dried on SpeedVac vacuum concentrator.

Protein identification by MALDI mass spectrometry
Digested peptides were dissolved with 0.5 % TFA, with
saturated CHCA solution in 0.1 % TFA/50 % acetic acid as
matrix and analyzed by M@LDI R (Micromass, Manchester,
UK). Spectrum acquisition was externally calibrated with lock
mass 2465.199 Da and internally calibrated with autodigested
peaks of trypsin (MH+: 2211.105 Da). The protein identification
was performed by searching protein databases of Swiss-prot/
trEMBL (http://www.expasy.ch/tools/peptident.html) and
Mascot (http://www.matrixscience.com/). The error for peptide
mass was set as 50 ppm and possible missed cleavage of trypsin
was set as 1. The proteins with more than 4 matched peptides
were thought significant.

RT-PCR
Total RNAs were isolated from esophageal cancer tissues using
TRIzol reagent (Gibco BRL) according to the manufactures’
instructions. First strand cDNA was reversely transcribed from
5 µg total RNAs using SuperScript II kit (Life Technologies)
at 42  for 50 min. Clusterin was amplified by the primers
(left :  5’ACCTCACGCAAGGCGAAGAC3’,  r ight:
5’TCTCACTCCTCCCGGTGCTT3’) and a product with
232bp was generated.

Western blot
Total cells or tissues were lysated with the buffer [1 % SDS,
10 Mm Tris-Cl, pH 7.6, 20 µg/ml aprotenin, 20 µg/ml leupeptin
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and 1 mM AEBSF]. The protein concentrations were
determined using Bradford method. Five micrograms of protein
were separated on 12 % of SDS-PAGE gels and transferred to
PVDF membranes. After blocked with 10 % non-fat milk, the
membranes were incubated with anti-clusterin monoclonal
antibody (Santa Cruz Bitechnology Inc.) (1:1 000 dilution) at
4  overnight. After washing for three times the membranes
were incubated with rabbit anti-mouse IgG at room
temperature for 1 hour. The signals were developed with the
ECL kit (Amersham Pharmacia Biotechnology Inc.) and using
anti-α-tubulin antibody (Santa Cruz Biotechnology Inc.) as
an internal control.

RESULTS
Clusterin was identified down-regulated in pre-surgery serum
A proteomic approach was used to determine the differentiated
proteins profiling between the pre-surgery and post-surgery
sera of ESCC. The proteins from five pairs of matched sera
from pre- and post-surgery of ESCC patients were separated
by 2DE. Figure 1 illustrates the proteomic profilings of the
pre- and post-surgery sera from same individual and more than
600 proteins and polypeptides were detected on each gel. The
matched rate of the five pairs gel was more than 87.2 % and
the spots localized in pI 3-10 with the molecular mass range
around 20-200 kDa. All the identified spots can be considered
as abundant proteins since they are detectable with Coomassie
Blue staining on the preparative 2-DE gel. After computer
analysis for spots detection, background subtraction and
volume normalization, we were able to identify 20 spots
(corresponding to 5 different proteins) from the tryptic
digestion via MALDI-TOF-MS analysis. The isoforms of
clusterin were identified from 8 spots as multipeptides
components, which were dramatically down-regulated in tumor
sera (Figure 2 A and Figure 3).

Figure 1  2-DE profiles of the pre- and post-surgery matched
esophageal cancer sera from a same individual. One hundred
and eighty microgram of protein was separated by 2-DE (IEF
at pH 3-10, 13 % of SDS-PAGE) and stained by silver staining.
LMW markers were from Amersham Pharmacia. (A) pre-sur-
gery serum, (B) matched post-surgery serum.

Proteomic determination of esophageal cancer serum
We asked the question whether the loss of clusterin was induced
by surgical attacks? In order to get rid of the interferences of
the human immunoresponse after routine surgery, we
additionally selected and matched 12 pairs of pre-surgery sera
with the healthy sera from the same age and gender individuals
who had no any surgical attacks and infections recently. We
ran 2-DE profiling again between the two groups. Comparison
with the healthy reference sera, clusterin proteins were also
identified as more than four times lower in esophageal cancer
serum after statistical analysis (Figure 2B).

Figure 2  Representative regions of 2-DE patterns of more
matched esophageal cancer sera. One hundred and eighty
microgram of protein was separated by 2-DE (IEF at pH 3-10,
SDS-PAGE 13 %) and stained by silver staining. LMW mark-
ers were from Amersham Pharmacia. (A) pre-surgery sera vs
post-surgery sera, (B) pre-surgery sera vs normal control sera.

Figure 3  The spectra of MALDI-TOF-MS obtained from one of
the differentiated polypeptide spots matched with the tryptic
peptide sequences of clusterin (characters in red).
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Loss of clusterin in tumor epithelium
Immunoblot analysis of clusterin expressed in patient-matched
normal and tumor epithelium from different ESCC individuals,
whose sera had been found with low level of clusterin was
performed. Using a commercially available antibody, clusterin
has also been found down-regulated at different ESCC tissues
(20/24), but absent in two kinds of cell lines of esophageal
squamous cell carcinoma, EC1 and EC2 (Figure 4A, B). At the
transcriptional level, clusterin was also found lower-expressed
in 88 % of esophageal cancer tissues (22/25) by semi-quantitative
RT-PCR (Figure 4C). The findings of tumor tissue and cell lines
were consistent with the findings of ESCC serum.

DISCUSSION
To identify the differentially secreted proteins or polypeptides
associated with tumorigenesis of esophageal squamous cell
carcinoma, we carried out differentially proteomic analysis of
human serum in two groups. First we compared the pre- and
post-surgery sera of ESCC patient to identify the differentiated
proteins from the same individuals. Second, the sera from the
disease (pre-surgery) and age- and gender-matched healthy
populations (normal control) had been analyzed through 2DE-
MS strategy. There were 3 protein spots quantitatively changed
between the two groups and were identified as clusterin, which
was completely loss or dramatically down-regulated in pre-
surgery serum of esophageal cancer compared with the post-
surgery and the healthy controls. In addition, clusterin was
also lost or decreased in tumor cell lines and tissues. Clusterin
has never been known to be associated with esophageal cancer.
This study reports identified clusterin as a candidate protein
of a tumor-associated serum marker in esophageal squamous
cell carcinoma via proteomic approaches for the first time.
     Clusterin, so-called the testosterone-repressed prostate
message-2[13], sulfated glycoprotein 2, complement-associated
protein SP-40, complement cytolysis inhibitor, a 80 kDa
heterodimeric highly conserved secreted glycoprotein
expressed in a wide variety of tissues and was found in all
human fluids. It responses to a number of diverse stimuli,
including hormone ablation and has been attributed functions
in several diverse physiological processes such as sperm
maturation, lipid transportation, complement inhibition, tissue
remodeling, membrane recycling, cell adhesion and cell-
substratum interactions, stabilization of stressed proteins in a
folding-competent state and promotion or inhibition of
apoptosis[14-16].

     Clusterin gene is differentially regulated by cytokines,
growth factors and stress- inducing agents, while another
defining prominent and intriguing clusterin feature is its
upregulation in many severe physiological disturbances states
and in several neurodegenerative conditions mostly related to
advanced aging[17-22]. Active cell death (ACD) in hormone-
dependent tissues such as the prostate and mammary gland is
readily induced by hormone ablation and by treatment with
anti-androgens or anti-estrogens, calcium channel agonists and
TGF beta[23]. Clusterin has been found up-regulated in several
cases of in vivo cancer progression and tumor formation
such as human prostate carcinomas[18,24], renal cell carcinoma
(RCC)[25,26], breast carcinoma[17], ovarian cancer[22], glioblastoma,
testicular tumor cells, the normal and cancerous endometrium,
hemangioma [21],  anaplastic large-cell lymphomas [20],
transitional cell carcinoma (TCC) of the bladder[27], as well as
hepatoma cells. Clusterin, on the other hand, is a membrane-
stabilizing protein that appears to be involved in limiting the
autophagic lysis of epithelial cells during apoptosis. Recent
studies have shown the clusterin expression mediates
antiapoptotic activity against a wide variety of stimuli[28] and
using antisense oligonucleotides of clusterin, also could
enhance androgen sensitivity and chemosensitivity in prostate
cancer therapy[29]. On the other hand, it has recently been shown
that decreased synthesis and delayed processing of clusterin
in testicular germ cell tumors, colorectal cancer[16,30] and human
polycystic kidneys cells[31,32]. However, there is no definitive
biochemical evidence to support a specific function for clusterin
except for its role in the modulation of the immune system
and the functional roles of clusterin are still enigmatic.
     A robust antigen capture assay for the measurement of
serum clusterin concentrations has been developed and
validated for increased clusterin expression, and alterations
in serum clusterin levels associated with a number of disease
states[33]. Whether the decrease of clusterin in pre-surgery serum
is a predictor of ESCC progression and prognosis, still need
more efforts to address and the molecular mechanisms of
clusterin implicated in tumorigenesis needs to be elucidated.
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