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Abstract

AIM: To characterize the protein files in blood from same
patients with esophageal squamous cell carcinoma (ESCC)
before and after operation at the high-incidence area for ESCC
in Henan Province, China.

METHODS: Two-dimensional electrophoresis, silver staining
and ImageMaster 2-DE analysis software were applied to
the determination of protein files in the blood obtained from
normal controls and ESCC patients before and after operation.

RESULTS: A total of 655, 662 and 677 protein spots were
identified, respectively, from the normal controls and ESCC
patients before and after operation. No significant difference in
the number of protein spots was observed between the normal
group and ESCC patients. A total of seven protein spots
were identified with a dramatic difference among the samples
before and after operation. Six protein spots were up-regulated
and one protein spot was down-regulated in the group
after operation compared with those in normal and before
operation. Three protein spots were further characterized
by matrix-assisted laser desorption/ionization time of flying
mass spectrometry (MALDI-TOF-MS). The proteins from
these three spots were identified as serum amyloid A
(SAA), amyloid related serum protein and haptoglobin.

CONCLUSION: Serum amyloid A, amyloid related serum
protein and haptoglobin may be related with ESCC and/or
surgery. The significance of these proteins needs to be further
characterized. The present study provides informative data for
the establishment of serum protein profiles related with ESCC.
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INTRODUCTION

Esophageal squamous cell carcinoma (ESCC) is one of the six
most common malignant diseasesin theworld with aremarkable
geographica distribution. Theratio between the high- and low-
incidence areas could be ashigh as 500: 1. The prognosis of ESCC
isvery poor, the five-year survival rateis only about 10% for
the patients at late or advanced stage. Chinais a country with
the highest incidence and mortality rate of ESCC in theworld.
There are about 300 000 new ESCC patientsidentified all over
theworld each year, half of them occur in China. Linzhou City
(formerly Linxian County) anditsneighbouring countiesin Henan
Province have been well-recognized as the highest incidence
areain the world, the average incidence ratio of males and
femalesis 161 and 103 per 100 000, respectivelyltl. ESCCremains
the leading cause of cancer related-deaths in these areas.
Unclear molecular mechanism, and lacking of sensitive and
specific biomarkersfor early diagnosis may be the reasons for
the unchanged ESCC incidence patternt?.

Many studies have been focused on gene level for early
diagnosis of ESCC. However, because alterationsin DNA and
RNA may or may not induce similar protein changes, genetic
changes could not reflect the stage and progression of the disease
directly and objectively®. Proteomicsbased on two-dimensional
electrophoresis and mass spectrometry is a new method for
identification of cancer-specific protein markers™. In this study,
we anayzed the serum protein changesin ESCC patients before
and after operation and compared them with normal controls by
proteomic methods to find the specific ESCC-related proteins.

MATERIALS AND METHODS

Blood samples

Blood samples were collected from ESCC patientsin Yaocun
Esophageal Cancer Hospital of Linzhou, Henan Province. Of
the ESCC patients, there were 4 males and 2 females with an
averageageof 63 years(range, 52-74 years). All theblood samples
were collected two times from each patient, just before and one
week after theoperation. Thecontrol blood samples(10mL/subject)
were collected in our laboratory from the normal people with
matched ages asthe patients. There were not any abnormalities
identified by physical and biochemical examinations in
volunteers of the control group.

Reagents

Electrophoresisreagents, including 400 g/L acrylamide sol ution,
N, N-methylenebisacryl amide, N, N, N', N’ -tetramethylethylen-
ediamine, ures, tris-base, glycine, glyceral, 3-[(3-cholannidopropyl)
-dimethylammonio]-1-propanesulfonate (CHAPS), sodium
dodecyl sulfate(SDS), dithiothreitol (DTT), ammonium persulfate,
bromophenol blue, immobiline drystrips, immobilized pH
gradient buffer and silver nitratewerefrom Amersham Pharmacia
Biotechnology Inc. (Uppsala, Sweden). |odoacetamidewasfrom
Acros (New Jersey, USA), sequence grade trypsin was from
Washington Biochemical Corporation and trifluoroacetic acid
(TFA) wasfrom Fluka (Switzerland). All other reagentswere of
analytical grade.
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Serum concentration detection

Serum sampleswere thawed and diluted by dH,O as1:5 (2 uL
serum was added to 8 uL. dH,0), 1:10 (2 pL diluent was added
to 18 pL dH,0), 1:200 (4 pL diluent was added to 796 pL. dH,0)
respectively, up to 1:10 000 dilution and then 800 pL 1:10 000
diluent was added to 200 pL protein assay reagent and
absorbance was measured at 595 nm, finally the concentration
of protein in serum was cal culated.

First dimensional electrophoresis (Isoelectric focusing, IEF)

Precast |PG gtrips (pH 3-10linear, 18 cm, Amersham Pharmacia
Biotechnology Inc.) was used in the first dimension. A tota
amount of 250 ug proteinswas diluted to atota volume of 350 L
with the buffer (8 mol/L urea, 20g/L CHAPS, 5¢/L I1PG buffer
3-10,20mol/L DTT and atrace of bromophenal blue). After being
|oaded on I PG gtrips, |EF wascarried out according to thefollowing
protocol: rehydrationfor6hat0V,10hat30V,1ha 500V, 1 hat
1000V and7hat8000V. Thecurrentwaslimitedto 50 p Aper gd.

Second dimensional electrophoresis (SDS-polyacrylamide gel
electrophoresis, SDS-PAGE)

After | EF separation, the strips were immediately equilibrated
for 2x15 min with equilibration solution (50 mmol/L Tris-HCI,
pH 6.8, 6 mol/L urea, 300 g/L glycerol and 20 g/L SDS). Then
20 mmol/L DTT wasincluded in thefirst equilibration solution,
and 20 g/L iodoacetamide was added in the second equilibration
step to alkylate thiols. Thirteen percent SDS-PAGE gels were
handled to become 1 mm thick. The strips were held in place
with 5 g/L agarose dissolved in SDS/Tris running buffer and
electrophoresiswas carried out at constant power (2.5 W/gel
for 40 min and 15 W/gel for 6 h) and temperature (20 'C) using
Ettan Dalt |1 system (Amersham PharmaciaBiotechnology Inc.).

Silver staining
Ge swere stained with silver nitrate according to the instructions of
theslversaining kit™ (Amersham Pharmacia Biotechnology Inc.).

Gel scanning and image analysis

Protein profileswereobtained in norma controlsand ESCC patients
before and after operation through correcting the background to
detect, match and quantify the spots by ImageMaster™ two-
dimensional Elite analysis software (Amersham Biosciences).

In-gel protein digestion

Individual protein spots were excised from the gel by Ettan
spot picker (Amersham PharmaciaBiotechnology Inc.), destained
with the solution (15 mmol/L potassium ferricyanide, 50 mmol/L
sodium thiosulfate) and washed till opaque and colorlesswith
25 mmol/L ammonium bicarbonate/500 g/L acetonitrile. After
being dried with vacuum concentrator (SpeedVac Plus, USA),
the gel wasrehydrated with 3-10 pL of trypsin solution (10 ng/L)
a4 °C for 30min, followed by incubation a 37 °C overnight. Tryptic
peptideswere e uted and dried on SpeedVac vacuum concentrator.

Protein identification by MALDI mass spectrometry

The protein spots were analyzed by matrix-assisted laser
desorption/ionization time of flying mass spectrometry
(MALDI-TOF-MS) and SWISS-PROT databasd®.

RESULTS

A total of 655, 662 and 677 protein spots were identified,
respectively, from the normal control and ESCC patients before
and after operation. No significant differencein number of protein
spots was observed between normal group and ESCC patients.
A total of seven protein spots were identified with a dramatic
differenceamong the samplesbeforeand after operation. Six protein

spotswere up-regulated and one protein spot was down-regulated
in the group after operation compared with thosein normal and
before operation. Of these six protein spots, three spots were
further characterizedby MALDI-TOF-MS. Theproteinsfrom these
three spotswereidentified as serum amyloid A (SAA), amyloid
related serum protein and haptoglobin (Figures 1, 2).

DISCUSSION

In the present study, we found that serum amyloid A (SAA)
and itsisoform amyloid related serum protein, and haptoglobin
were significantly increased after operation in ESCC patients
compared with those in normal and pre-operation by mass
spectrum. It indicated that these proteins might be related with
ESCC and/or surgery. Although the literatures have reported
that these acute-phase proteins are associated with tumors,
such as colon cancer, the changes of these proteins may be more
concerned with stress response, for example, the trauma by
operation. The significance for these proteins needsto be further
characterized. Although two-dimensiond dectrophoresis coupled
with mass spectrometry is a powerful tool for screening and
identification of cancer-specific protein markers, it coststime
and money. The present study provided informative data for
the establishment of serum protein profilesrelated with ESCC.
SAA isan acute-phase protein exigting asvariousisoformsin
amolecular massrangeof 11-14. Itisderived mainly fromtwo genes,
SAA1L and SAA2, mapped at chromosome 11p15.4-15.1%. In
normal individuals, SAA is produced by hepatocytesin the
liver. After its production, it is secreted into serum and rapidly
bindsto high-density lipoproteins, 90% of the protein particles
arebound to high-density lipoprotein. A review of theliterature
showed that only alow level of SAA could befound in the sera
of healthy individuals'®, but during the acute-phase response,
itslevel intheblood could devate 1 000-fold after variousinjuries,
including trauma, infection, inflammation and neoplasial*®*.
Recently, many studies have shown that high SAA protein
level ispresent in the serum of peatientswith disseminated cancer,
reflecting the extent of malignant diseases, andinversdy correlated
with patient survival™@. The mechanismisnot clear. Themode
of involvement of SAA in metastatic processes has not been
elucidated. Several proposed functions for SAA proteins are
compatible with the mechanism of tumor cell invasion and
metastasis. Theseinclude inhibition of malignant cell attachment
to extracellular matrix (ECM) proteing®®*4 induction of the
expression of enzymes degrading the ECM* and induction of
adhesion, migration, and tissueinfiltration of cell$'5*. Moreover,
SAA contains functional arginine-glycine-aspartic acid (RGD) -
likeand tyrosine-isoleucine-glycine-serine-arginine (Y IGSR) -like
adhesion motifg*¥, and the peptides containing these motifs could
inhibit tumor cell invasion, metastasis, and angiogenesi §2°21,
Cumulatively, these findings, together with our observation of
SAA dlterations in blood after operation, imply that SAA may
play arolein one or more steps of tumor progression or regression.
Glojnaric et al.?2 indicated that although the presence of
colorectal carcinoma caused an increasein serum levels of all
the acute phase reactants studied, SAA protein showed the most
powerful reaction in pre-operative disease stage, with the mean
vaueof 330 mg/L ascompared to thenormal values of <1.2 mg/L
obtained in 30 hedlthy adults. SAA protein concentrationincreased
to 487 mg/L after surgery and declined during the post-operative
clinical course until the sixth chemotherapy cycle, but never
returned to the normal range. In the later chemotherapy cycles,
the mean SAA protein increased to 163 mg/L, probably as a
result of the disease relgpse. According to the statistical relations
among exact confidence intervalsfor proportions, SAA protein
showed the best specificity for colorectal carcinoma of al the
acute phase proteins studied (83-100%) and also a sensitivity
of 100%. They concluded that SAA protein seems to be a
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Pre-operation 218 241142 0.635 2411.42 1.816 2830 0 30.01 0.78
Post-operation 218 1946.84 0.698 1946.84 1.746 2381 0 27.53 0.84
Pre-operation 184 24.89 0.010 27.44 0.110 681 0 14.72 0.37
Post-operation 184 462.77 0.127 478.60 0.593 1810 0 24.00 0.84
Pre-operation 172 86.42 0.024 86.42 0.359 954 0 17.43 0.74
Post-operation 172 27.71 0.012 39.30 0.134 540 0 13.11 0.57

Figure 1 Representative of two-dimensional electrophoresis profiles and three-matched protein spots (arrows) analysis of the
sera from esophageal squamous cell carcinoma patients before (A) and after (B) operation with different acidity from pH 3 to pH 10.
Norm: normalization, Vol: volume, BkGnd: background, Eq: equality.

pH 3 pH10 pH3

pH10 pH3 pH 10

L

Figure 2 Representative of two-dimensional electrophoresis patterns of sera protein from the same esophageal squamous cell
carcinoma patient before (A) and after (B) operation and the normal subject (C) with different acidity from pH 3 to pH 10. A’, B’
and C’ are the magnification of A, B and C, respectively, for the sera protein with marked difference.

reliable parameter, which could be recommended for clinical
routine as anon-specific tumor marker for colorectal carcinoma

Haptoglobin is an acute phase protein capable of binding
haemoglobin and may play arolein modulating many aspects
of the acute phase responsg?®!. The complex of haptoglobin
with haemoglobinismetabolized in the heptic reticuloendothelial
system?, Biosynthesis of haptoglobin occurs not only in the

liver, but also in adiposetissueand in lung, providing antioxidant
and antimicrobial activity!®. Changes in the measured
concentrations of haptoglobin in serum may help to assess the
disease status of patients with inflammations, infections,
malignancy, etc®. Dynamic detection of haptoglobininleukemia
patient plasmas showed that haptoglobin level increased
obviously in leukemia patients than that in normal personsand
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dropped gradually with the improvement of diseases.

In conclusion, serum amyloid A, amyloid related serum
protein and haptoglobin may be related with ESCC. The
significance of these proteins needsto be further characterized.
The present study providesinformative datafor the establishment
of serum protein profilesrelated with ESCC.
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