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Abstract

Esophageal squamous cell carcinoma (ESCC) is one of the most common cancers in China. The
lower survival rate of ESCC is attributed to late diagnosis and poor therapeutic efficacy; therefore,
the identification of tumor-associated proteins as biomarkers for early diagnosis, and the discovery
of novel targets for therapeutic intervention, seems very important for increasing the survival rate
of ESCC. To identify tumor-associated proteins as biomarkers in ESCC, we have analyzed ESCC
tissues and adjacent normal tissues by two-dimensional electrophoresis (2DE) and matrix-assisted
laser desorption/ionization-time-of-flight mass spectrometry (MALDI-TOF MS) analysis. The
results showed that a total of 104 protein spots with different expression levels were found on
2DE, and 47 proteins were eventually identified by MALDI-TOF MS. Among these identified
proteins, 33 proteins including keratin 17 (KRT17), biliverdin reductase B (BLVRB), proteasome
activatorsubunit 1 (PSME1), manganese superoxide dismutase (MnSOD), high-mobility group
box-1(HMGB1), heat shock protein 70 (HSP70), peroxiredoxin (PRDX1), keratin 13 (KRT13),
and so on were overexpressed, and 14 proteins including cystatin B (CSTB), tropomyosin 2
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(TPM2), annexin 1 (ANX1), transgelin (TAGLN), keratin 19 (KRT19), stratifin (SFN), and so on
were down-expressed in ESCC. Biological functions of these proteins are associated with cell
proliferation, cell motility, protein folding, oxidative stress, and signal transduction. In the
subsequent study using immunoassay on ESCC serum samples and tissue-array slides, two
representative proteins, HSP70 and HMGB1, were selected as examples for the purpose of
validation. The results showed that both HSP70 and HMGB1 can induce autoantibody response in
ESCC sera and have higher expression in ESCC tissues. Especially, the frequency of antibodies to
HSP70 in ESCC sera was significantly higher than that in normal human sera. The preliminary
results suggest that some of these identified proteins might contribute to esophageal cell
differentiation and carcinogenesis, certain proteins could be used as tumor-associated antigen
(TAA) biomarkers in cancer diagnosis, and further studies on these identified proteins should
provide more evidence of how these proteins are involved in carcinogenesis of ESCC.

Keywords

esophageal squamous cell carcinoma (ESCC); tumor-associated proteins; biomarkers; proteomic
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INTRODUCTION

Esophageal squamous cell carcinoma (ESCC) is one of the leading causes of cancer in
China. Its incidence varies remarkably among geographic regions.1 Among these regions,
Anyang of Henan Province is one of the regions with the highest incidence, especially
Linzhou city (formerly known as Linxian county,) which geologically belongs to the
Taihang mountain region in northern China.1,2 ESCC has a dismal outcome, with an overall
5-year survival rate after surgery and radiation therapy of only 10–20%.3 The poor outcome
of ESCC is attributed to multiple reasons including its aggressive nature, distant metastasis,
and largely unknown molecular mechanism of its progression. According to the report from
literatures, if surgery is preformed in the early stage of ESCC, the overall 5-year survival
rate is over 90%.4 Since tumor markers that are currently utilized for the detection of ESCC
in clinical practice lack the sensitivity and specificity to detect potentially curable lesions,
developing an improved early detection strategy may offer the great hope to cure this
malignant disease and save lives.

Esophageal cancer is composed of two main histological types, adenocarcinoma and
squamous cell carcinoma of the esophagus. The incidence, prevalence and biological
behavior between these two histological types are uniquely different from each other. Given
such differences, future therapy options may be different for each type of esophageal cancer.
At present, many tumorigenic molecules such as p16, p21, p53, Rb, cyclin D1, bcl-2, Cox 2,
Annexin 1, and so on were found to be associated with ESCC.5–7 However, the molecular
difference between ESCC and normal squamous mucosa is not clear. The molecular
mechanism underlying tumor formation and progression is still not illuminated. It has been
demonstrated that many genes and proteins work together and form a reticular network in
carcinogenesis, and so far this network is still not completely understood. In this network,
difference in protein expression is essential to understand the carcinogenesis. Since
proteomics is an approach more similar to network than single protein research method,
using this approach to study the molecular mechanism and disease pathogenesis by globally
examining the different protein expressions has been successfully applied to identify tumor-
associated proteins as biomarkers in various cancers.8–10 Here we report a global analysis of
protein expression profiles in human ESCC tissues and adjacent normal tissues using two-
dimensional electrophoresis (2DE) and matrix-assisted laser desorption/ionization-time-of-
flight mass spectrometry (MALDI-TOF MS) analysis. This study resulted in identification
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of a group of differentially expressed proteins, belonging to broad functional categories
related to cell differentiation, tumor growth, transformation, apoptosis, invasion and
carcinogen metabolism. These differences in protein expression represent the major
alterations in physiology during ESCC development and provide insight into the molecular
mechanisms underlying carcinogenesis.

MATERIALS AND METHODS

Tissue Specimens and Serum Samples

Tissue specimens used for proteomic analysis in this study were obtained from Anyang
Tumor Hospital of Henan Province in China. A total of 30 human ESCC tissues and paired
adjacent normal tissues were collected immediately after isolation of surgically resected
tissues from patients with ESCC. Tissue samples were snap-frozen in liquid nitrogen and
then kept in a −80 °C freezer before experiments. The histology for all 30 ESCC tissues and
adjacent normal tissues was confirmed by two independent pathologists following fixation,
embedding, sectioning and H&E staining. All tissue specimens comprised more than 80% of
target cells (normal epithelial cells or cancer cells) without necrosis. Sera from 69 patients
with ESCC and 76 normal human sera were obtained from the serum bank of Cancer
Autoimmunity and Epidemiology Research Laboratory at UTEP (University of Texas at El
Paso), which were originally provided by Dr. X.-X. Peng in Sun Yat-sen University,
Guangzhou, P.R. China. This study was approved by the Institutional Review Board of
Zhengzhou University and collaborating institutions.

Sample Preparation for Proteomic Analysis

Fresh frozen ESCC tissue samples (50 mg for each sample) were cut into small pieces,
ground within liquid nitrogen, followed by solubilizing in lyses buffer at the ratio of 1 mg of
tissue per 10 μL of lyses buffer (8 M urea, 4% CHAPS, 10 mM PMSF, 20 g/L IPG buffer,
pH 3–10). The protein mixtures were vortexed vigorously for 30 min with frequent breaks of
ice-incubation, then RNase A and 1% DTT were added and placed at 4 °C for 1 h, followed
by centrifuging at 10 000 rpm, for 30 min at 4 °C. The supernatants were stored in aliquots
at −80 °C prior to use. The protein concentration was quantified by improved Bradford
protein assay system.11

2DE Analysis

Proteins were separated by following protocol described previously.10 First-dimension
isoelectric focusing (1D-IEF) was performed on Ettan IPGphor Isoelectric Focusing System.
The samples containing about 100 μg of cytosolic proteins were dissolved in 450 μL of
rehydration buffer, consisting of 8 M urea, 2% CHAPS, 0.5% IPG Buffer and 0.28% DTT.
Dry IPG strips (24 cm, pH3–10) were rehydrated for 14 h and then focusing was at 8000 V.
Total voltage was 81–82 kvh. After IEF, each IPG strip was soaked for 15 min with
equilibration solution (6 M urea, 50 mM Tris, 30% v/v glycerol, 2% SDS) containing 1%
DTT and 2.5% iodoacetamide, and then the IPG strip was placed in contact with the top
surface of SDS-PAGE and sealed with 0.5% agarose. Separation in the second dimension
gel was performed in Trisglycine buffer (0.1% SDS, 25 mM Tris, 192 mM glycine), at a
power setting of 2.5 W/gel for the initial 0.5 h and 18 W/gel thereafter and a temperature of
15 °C. The protein spots were visualized in gel by silver staining (analytical) and Coomassie
brilliant blue staining (preparative) when electrophoresis was ended. Stained 2D gels were
captured by transmission scan (LabScan). Target gels were analyzed with ImageMaster 5.0
2D platinum analysis software including spot detection, background subtraction, matching,
and so on.
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In-Gel Digestion

Spots from 2DE were excised from the gel and placed in centrifuge tubes. Gel particles were
washed with 25 mM NH4HCO3 for 20 min and destained with 30% v/v (twice, 30 min each)
acetonitrile in 100 mM NH4HCO3, until all traces of Coomassie Brilliant Blue were
removed, and washed with 25 mM NH4HCO3 for 20 min again. Proteins were in-gel
reduced with 10 mM DTT for 60 min at 56 °C and S-alkylated with 55 mM iodoacetamide
for 30 min in the dark, both in 100 mM NH4HCO3. Gel particles were washed with 25 mM
NH4HCO3 and then dried under vacuum for 30 min, rehydrated with the digestion solution
(40 μg/mL of trypsin in 25 mM NH4HCO3). After incubated for 30 min at 4 °C,
supernatants were replaced by 25 mM NH4HCO3, and gel particles were incubated
overnight at 37 °C.

MALDI-TOF MS Analysis for Protein Identification

The samples were mixed (1:1) with a saturated matrix solution (α-cyano-4-hydroxycinnamic
acid prepared in 50% acetonitrile/0.1% formic acid). All mass spectra were obtained on a
4700 Proteomics analyzer with TOF/TOF optics in the positive ion reflector mode with a
mass accuracy of about 50 ppm. The MALDI tandem mass spectrometer used a 200 Hz
frequency-tripled Nd:YAG laser operating at a wavelength of 355 nm. MS spectra were
obtained in the mass range between 800 and 4000 Da with ca. 1000 laser shots. MS/MS
spectra were acquired with 2000 laser shots using air as the collision gas. The singly charged
peaks were analyzed using an interpretation method present in instrument software, where
the five most intense peaks were selected and MS/MS spectra were generated automatically,
excluding those from the matrix, due to trypsin autolysis peaks. Spectra were processed and
analyzed by the Global Protein Server Workstation, which uses internal Mascot v2.0
software for searching the peptide mass fingerprints and MS/MS data. Searches were
performed against the NCBI nonredundant protein database (updated 1 August 2007).
Identification with a GPS confidence interval (CI) of greater than 95% can be accepted.

Enzyme-Linked Immunosorbent Assay (ELISA)

Purified recombinant HSP70 and HMGB1 were commercially purchased (Abcam,
Cambridge, MA). The protein purity was >95% by SDS-PAGE. Proteins were diluted in
PBS to a final concentration of 0.5 μg/mL for coating polystyrene 96-well microtiter plates
(Dynatech Laboratories, Alexandria, VA). A volume of 200 μL human serum samples at
1:200 dilution was added to the antigen-coated wells and incubated for 1.5 h at room
temperature. Horseradish peroxidase-conjugated goat antihu-man IgG (Caltag Laboratories,
San Francisco, CA) at 1:5000 dilution and the substrate 2,2′-azinobis (3-
ethylbenzthiazoline-6-sulfonic acid) (Boehringer Mannheim GmbH, Mannheim, Germany)
were used as detecting reagents. Each sample was tested in duplicate, and the average OD at
405 nm was used for data analysis. The cutoff value designating positive reaction was the
mean optical density (OD) of 76 normal human sera plus 3 standard deviations (SD). The
detailed protocol of ELISA was used as described in our previous study.12

Immunohistochemistry (IHC) with Tissue Array

Superfrost plus tissue slides that contain 64 paraffin-embedded esophagus cancer tissue
specimens and 3 normal esophagus tissue specimens were purchased commercially (Cybridi,
Bethesda, MD) and used for HSP70 and HMGB1 antigen detection. Antigen retrieval was
performed by microwave-heating in a citrate-based antigen retrieval solution (BioGenex,
San Ramon, CA) according to the manufacturer's recommendation. Nonspecific protein
binding sites were blocked by 1.5% normal horse sera for 30 min in a humidifier. Tissue
sections were incubated with 1:500 diluted rabbit IgG polyclonal antibody (original
concentration 6 μg/mL). Biotinylated secondary antibody and an ABC (Avidin–Biotinylated
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enzyme Complex) kit, and DAB (3,3′-diaminobenzi- dine) substrate kit were used as
detecting reagents according to the manufacturer's recommendation (Vector Laboratories,
Burlingame, CA). The slides were counter-stained with hematoxylin, fixed by Scott's
solution, and dehydrolyzed with different concentrations of EtoH and Citrisolvent. Finally,
the slides were mounted with permount mounting medium and observed under a
microscope. All IHC results were read blindly by two independent researchers and further
confirmed by a pathologist. A 4-level scoring system (–, negative; +, low expression level; +
+, moderate expression level; +++, high expression level) was used to evaluate the staining
intensity. Polyclonal antibodies to Hsp70 and HMGB1 were commercially purchased
(Sigma, St Louis, MO).

Statistical Analysis

To determine whether the frequencies of autoantibody to TAAs in each cohort of patients'
sera were significantly higher than that in sera from normal individuals and other controls,
the frequencies of antibody were compared using the Chi-squared (χ2) test with Yate's
correction, and two significant levels (0.05 and 0.01) were used.

RESULTS AND DISCUSSION

Identification of ESCC-Associated Proteins by MALDI-TOF MS

A brief description of the approach we have used to identify and characterize protein
biomarkers in ESCC is shown in Figure 1. Briefly, proteins extracted from ESCC and
adjacent tumor tissues were applied onto the first dimension isoelectro-focusing gel (1D-
IEF) and subsequently loaded onto the second-dimension SDS-PAGE gel (2D-SDS-PAGE).
The gel was visualized by silver staining or Coomassie blue staining. After comparing the
gel from tumor tissues with the gel from control tissues, a number of protein spots of interest
were excised from the 2D gels, digested by trypsin, and subsequently analyzed by MALDI-
TOF MS. In subsequent studies, we have used two approaches (ELISA screening, tissue
arrays) to comprehensively characterize and validate the identified tumor-associated proteins
that are potentially useful for the early detection of ESCC and also for further developing
“tumor-associated protein array” systems for cancer diagnosis, prediction, and for following
the response of patients to treatment.

In the present study, a proteome-based approach was applied to identify potential cancer-
associated protein biomarkers in ESCC. To obtain a global view of the proteins in ESCC
tissues, proteins extracted from ESCC tissues and adjacent normal tissues were separated by
2DE, and subsequently analyzed by MALDI-TOF MS. We have compared the complexion
of protein expression between ESCC tissues and adjacent normal tissues. As shown in
Figure 2, a total of 104 protein spots with different expression levels were found on 2DE. Of
the 104 protein spots, 47 proteins were eventually identified by MALDI-TOF-MS. Among
these identified proteins, 33 proteins (shown in Table 1, spot #1 −33) such as keratin 17
(KRT17), biliverdin reductase B (BLVRB), proteasome activator subunit 1 (PSME1),
manganese superoxide dismutase (MnSOD), high-mobility group box-1-(HMGB1), heat
shock protein 70 (HSP70), peroxiredoxin (PRDX1), keratin 13 (KRT13), and so on were
overexpressed, and 14 proteins (shown in Table 1, spot #34–47) such as cystatin B (CSTB),
tropomyosin 2 (TPM2), annexin 1 (ANX1), transgelin (TAGLN), keratin 19 (KRT19),
stratifin (SFN), and so on were down-expressed in ESCC. To clearly demonstrate the
difference of differentially expressed proteins between ESCC and normal tissues, two
representative protein spots were picked up from 2DE (see Figure 2) and amplified with a
larger magnification (see Figure 3). These two representative proteins (spot #15 and #27)
have much higher expression in ESCC tissues than in normal tissues.
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Functional Categorization and Cancer Association

The molecular and cellular functions of these identified proteins have been documented in
the literature, and some of these proteins were reported relating to cell proliferation, cell
motility, protein folding, oxidative stress and signal transduction. In order to understand the
function of these identified proteins, the gene ontology (GO) analysis using Goblet
algorithm and searching sequences against TrEMBL and Swiss-Prot databases
(http://www.expasy.ch/sprot/) was carried out. As shown in Figure 4, the 47 identified
proteins were categorized in four groups including molecular function (83%, 39/47),
biological process (68%, 32/47), physiological process (57%, 27/47), and cellular
component (64%, 30/47). Proteins in each group were further categorized in different
subgroups. For example, proteins in the group of molecular function were divided into 11
subgroups such as catalytic activity, nucleotide binding, oxidoreductase activity, and so on,
and proteins in the group of physiological process were divided into only three subgroups
such as cellular physiological process, response to stress, and response to stimulus. For
further exploring the cancer association of these identified proteins, a literature search was
conducted with PubMed (http://www.ncbi.nlm.nih.gov/pubmed/). On the basis of the
literature search, 33 of the 47 identified proteins have been reported clearly relating to
cancer. For example, several proteins such as glutathione S-transferase omega,13 glyoxalase
1,14,15 HMGB1,16,17 profilin 1,18,19 HSP70,20,21 PRDX1,22,23 annexin 1,24,25 transgelin26

and keratin 1927,28 were reported relating to breast cancer; keratin 17 was involved in tumor
angiogenesis;29 Biliverdin reductase B (BVRB) wasx over-expressed in liver cancer;30

smooth muscle protein 22 was reported relating to gastric cancer and renal cell
carcinoma;31,32 cystatin B was characterized as either a tissue and urinary biomarker in
bladder cancer33 or serological marker in liver cancer,34 and the reduced expression of
stratifin may use as a marker for prognosis of ESCC.35 More recently, the overexpression of
PRDX1 was also reported in prostate cancer cell lines compared with nontumor cells.36

While analyzing the difference of differentially expressed proteins between ESCC and
normal tissues, it was found that two proteins HMGB1 and HSP70 (spot #15 and #27) have
much higher expression in ESCC tissues compared with normal tissues (Figure 3). In the
subsequent study, we mainly focus on these two representative proteins HSP70 and HMGB1
to further evaluate whether these two proteins can be used as TAA biomarkers in
immunodiagnosis of ESCC. As described above that many of other identified proteins such
as profilin 1, ANX1, PRDX1, and KRT19 are also related to cancer, further study to
determine which, if any, might be authentic TAA in ESCC is still underway.

HSP70 and HMGB1 and Their Association with Cancer

HSP70 plays a central role in the processing of cytosolic and secretory proteins, and it is
involved in cell proliferation, differentiation and tumorigenesis.37 Many studies have
demonstrated that HSP70 is a cancer-relevant survival protein. The overexpression of
HSP70 correlates with increased cell proliferation, poor differentiation, lymph node
metastases and poor therapeutic outcome in human breast cancer.38–40 Cancer cells depleted
of HSP70 can display strikingly different morphologies (detached and round vs flat
senescent-like), cell cycle distributions (G2/M vs G1 arrest), and gene expression profiles.41

HSP70 may play an important role in tumorigenesis through its antiapoptotic activity and
also via its role as cochaperon for HSP90.42 More recently, several studies have been
performed to detect autoantibody against HSP70 in different types of cancer such as
esophageal,43 liver10 and nasopharyngeal cancer44 as well as head and neck cancer.45

HMGB1 is a highly conserved nuclear protein, acting as a chromatin-binding factor that
bends DNA and promoters access to transcriptional protein assemblies on specific DNA
targets.46–50 In addition to its nuclear role, HMGB1 also functions as an extracellular
signaling molecule during inflammation, cell differentiation, cell migration, and tumor
metastasis.46–50 HMGB1 has been implicated in some disease states such as rheumatic
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arthritis,51 systemic lupus erythematosus (SLE)52,53 and especially in cancer.16,17,54,55

Overexpression of HMGB1 has been observed in many types of cancer, including breast,
colon and lung cancer.16,54,55 HMGB1 also interacts with and enhances the activities of a
group of transcription factors implicated in cancer development, including p53, p73, the
retinoblastoma protein (Rb), and so on.50,56

Prevalence of Autoantibodies to HSP70 and HMGB1 in ESCC

Previous studies have demonstrated that cancer sera contain antibodies which react with a
unique group of autologous cellular antigens called tumor-associated antigens (TAAs),
which was closely related to the cancer development.57–60 Since ESCC is one of the most
common cancers worldwide, especially in China, how to establish a methodology to identify
the high-risk individuals for ESCC remains to be investigated. Most studies indicated that
cancer has long been recognized as a multistep process that involves not only genetic
changes conferring growth advantage but also factors that disrupt regulation of growth and
differentiation. It is possible that some of these factors could be identified and their
functions evaluated with the aid of autoantibodies against TAAs arising during
tumorigenesis. Building on our extensive experience characterizing TAAs as biomarkers in
cancer, it is necessary to determine which of these identified proteins, if any, might be
authentic TAAs. For this purpose, we need to determine the frequency of antibodies to the
identified ESCC-related proteins in patients with ESCC and controls. This analysis is
essential to establish the sensitivity, specificity and positive predictive value of individual
antibody–antigen systems as biomarkers for the detection of ESCC.

As described above, the cancer association of these two identified proteins HSP70 and
HMGB1 has been extensively investigated by other groups. At the present study, these two
proteins were commercially purchased and further used as coating antigens in ELISA for the
detection of autoantibodies against these two proteins in sera from patients with ESCC and
normal individuals. Table 2 shows the frequency of antibodies to HSP70 and HMGB1 in
ESCC sera and normal human sera (NHS). The cutoff value designating positive reaction
was established as the mean OD of 76 normal human sera (NHS) plus 3 standard deviations
(SD). Of the 69 sera with ESCC analyzed, 27 (39.1%) were reactive with HSP70, only 1
(1.3%) was positive in normal human sera. Statistical analysis indicated that there was a
significant difference (p < 0.01) of anti-HSP70 antibody frequency between ESCC and
NHS. For anti-HMGB1 antibody, 5 (7.2%) were positive in ESCC, and 1 (1.3%) in NHS.
There was no statistical difference between ESCC and NHS (p > 0.05). This preliminary
data suggests that HSP70 may have potential possibility in use as marker in ESCC, which is
consistent with results reported from other groups. As described above, autoantibody to
HSP70 has been detected in many types of cancer, and autoantibody to HMGB1 in cancer
has not been reported yet. In one of our recent studies, we have identified and characterized
autoantibody to HSP70 in hepatocellular carcinoma (HCC) as a potential biomarker.10

Whether HMGB1 and anti-HMGB1 can be also used as a serological biomarker in cancer
such as ESCC or HCC remains to be investigated.

Expression of HSP70 and HMGB1 in ESCC Tissues by Immunohistochemistry with Tissue
Array

To further validate these two representative proteins as markers in ESCC, it is essential to
examine their expression in ESCC specimens by immunohistochemistry (IHC). In this
study, the expression profiles of HSP70 and HMGB1 in ESCC tissues were examined by
IHC with tissue array slides. ESCC tissue array slides including 64 ESCC tissues and 3
adjacent normal esophageal tissues were commercially available for this study. The
concentration of polyclonal anti-HSP70 and anti-HMGB1 used for immunostaining the
tissue specimens were determined by initial IHC study on tumor tissue slides, and

Zhang et al. Page 7

J Proteome Res. Author manuscript; available in PMC 2011 September 3.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



subsequently, the tissue-array slides were stained with polyclonal anti-HSP70 and anti-
HMGB1, respectively. The results showed that 61 of 64 (95.3%) ESCC tissues were stained
positive with anti-HSP70, and there was no positive in normal esophageal tissues. HSP70
was overexpressed in cytoplasm of invasive lesions of advanced esophageal cancer. The
frequency of HSP70 positive staining in ESCC grade I, II and III were 87.5% (14/16),
96.4% (27/28), and 100% (20/20), respectively. In the IHC study with HMGB1, 63 of 64
ESCC tissues were positive with anti-HMGB1 antibody, and no normal esophageal tissue
was positive. The frequency of HMGB1 positive staining in ESCC grade I, II and III were
100% (16/16), 100% (28/28), and 95% (19/20), respectively. Due to the small sample size of
tissues with different grades in this tissue array slide, it is difficult to establish a statistical
association between either HSP70 or HMGB1 and tumor grade. In this IHC study, we have
also used a 4-level scoring system to evaluate the staining intensity. The frequency of
HSP70 expression level (negative, lower, moderate and higher) in ESCC tissues was 4.7%
(3/64), 12.5% (8/64), 45.3% (29/64) and 37.5% (24/64), respectively. Compared to HSP70,
the frequency of HMGB1 expression level was 1.6% (1/64), 40.6 (26/64), 45.3% (29/64)
and 12.5% (8/64), respectively. Of the interesting notion was that there was a significant
difference of higher expression levels between HSP70 and HMGB1. This might be one of
reasons why HSP70 could induce strong autoantibody response in ESCC patients compared
to HMGB1. Figure 5a and B showed the representative positive and negative
immunostaining patterns of HSP70 and HMGB1 in ESCC tissues and normal esophageal
tissue. Because of lack of data regarding different clinical stages of ESCC tissues in these
commercial tissue array slides, it was not able for us to establish a statistical correlation
between HSP70 or HMGB1 expression and clinical stages in this study. In summary, our
study demonstrates that both HSP70 and HMGB1 have significant higher immunogenicity
in ESCC tissues compared with normal tissues. Whether HSP70 and HMGB1 can be used as
diagnostic markers in ESCC detection, and the underlining mechanism of how these proteins
induce humoral immune response in ESCC patients remains to be investigated. Since many
of other identified proteins in the current study are also related to cancer based on literature
report, further studies with a comprehensive analysis on these identified proteins may
provide more insight into how these proteins are involved in the tumorigenesis of ESCC.

CONCLUSIONS

In the present study, we have used a proteomic approach to analyze ESCC tissues and
adjacent normal tissues to identify tumor-associated proteins as markers in ESCC. Of 104
protein spots with different expression levels found on 2DE, 47 proteins were eventually
identified by MALDI-TOF MS. Among these identified proteins, 33 proteins including
HSP70, HMGB1, PSME1, MnSOD, PRDX1, KRT17 and KRT13, and so on were
overexpressed, and 14 proteins including CSTB, TPM2, ANX1, TAGLN, KRT19, and SFN,
and so on were down-expressed in ESCC. Biological functions of these proteins are
associated with cell proliferation, cell motility, protein folding, oxidative stress and signal
transduction. In the subsequent study, two representative proteins, HSP70 and HMGB1,
were used as examples for the validation purpose. Our results have indicated that both of
HSP70 and HMGB1 can induce autoantibody response in ESCC and have a higher
expression in ESCC tissues. The preliminary data suggest that some of the identified
proteins might contribute to esophageal cancer cell differentiation and carcinogenesis,
certain proteins could be used as TAA cancer markers, and further studies on these
identified proteins should provide more evidence how these proteins are involved in
carcinogenesis of esophageal cancer.
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Figure 1.

Schematic representation of tumor-associated protein biomarker identification in ESCC. In
brief, proteins extracted from ESCC tissues and adjacent normal tissues were applied onto
the first dimension gel (isoelectrofocusing gel) and subsequently loaded onto the second-
dimension SDS-PAGE gel (2D-SDS-PAGE). The gel was visualized by silver staining or
Coomassie blue staining. After comparing the gel between ESCC tissues and normal tissues,
a number of protein spots of interest were excised from the 2D gels, digested by trypsin, and
analyzed by MALDI-TOF MS. In subsequent studies, we characterize the identified tumor-
associated proteins that are potentially useful for the early detection of cancer, and then
evaluate the sensitivity and specificity of different tumor markers in cancer for further
developing “Tumor-Associated Protein Array” systems for cancer diagnosis and prediction
and for following the response of patients to treatment.
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Figure 2.

Total proteins from ESCC tissues and adjacent normal tissues were analyzed by 2DE. The
proteins were separated by IEF (pH 3–10) and 15% SDS-PAGE and subsequently processed
with Coomassie blue staining. The MALDI-TOF-MS analysis for the protein spots
numbered on the gel is listed in Table 1. (A) Total proteins from ESCC tissues that were
analyzed by 2DE; (B) total proteins from adjacent normal tissues that were analyzed by
2DE.
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Figure 3.

Two representative protein spots were picked up from 2DE (see Figure 2), and amplified
with a larger magnification. (A and C) Two representative proteins HMGB1 and HSP70
(#15 and #27) were analyzed on 2DE with ESCC tissues; (B and D) two representative
proteins HMGB1 and HSP70 were analyzed on 2DE with normal tissues. These two
representative proteins have much higher expression in ESCC tissues than in normal tissues.
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Figure 4.

Functional categorization of identified proteins. Forty-seven identified proteins were
functionally categorized in four groups based on gene ontology (GO) annotation terms and
searching sequences against the TrEMBL and Swiss-Prot databases. Four functional groups
include molecular function, biological process, physiological process and cellular
component. Proteins in each group were further categorized in different subgroups.
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Figure 5.

(a) Expression of HSP70 in ESCC tissues examined by IHC. Tissue-array slide was stained
with polyclonal anti-HSP70 antibody at a 1:500 dilution. A: A representative normal
esophagus tissue was negatively stained with anti-HSP70 antibody; C, E and G:
Representative ESCC grade I, II and III tissues were positively stained with anti-HSP70
antibody (magnification,×100). B, D, F and H: The corresponding area (rectangle) of A, C,
E and G was enlarged (magnification, ×200). (b) Expression of HMGB1 in ESCC tissues
examined by IHC. Tissue-array slide was stained with polyclonal anti-HMGB1 antibody at a
1:500 dilution. A: A representative normal esophagus tissue was negatively stained with
anti-HMGB1 antibody; C, E and G: Representative ESCC grade I, II and III tissues were
positively stained with anti-HMGB1 antibody (magnification, ×100). B, D, F and H: The
corresponding area (rectangle) of A, C, E and G was enlarged (magnification, ×200).
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Table 2

Frequency of Autoantibody Responses to Two Representative Proteins HSP70 and HMGB1 in ELISA

autoantibodies to

serum samples number of sera tested HSP70 number of positive sera (%)
a HMGB1 number of positive sera (%)

ESCC 69 27 (39.1)
* 5 (7.2)

normal controls 76 1 (1.3) 1 (1.3)

a
Cutoff value, mean +3SD of 76 normal controls.

*
p-values relative to normal controls, p < 0.01.
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