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Abstract
The two-dimensional gel electrophoresis (2-DE) approach was used to evaluate the simultaneous expression of
serum proteins in patients with nasopharyngeal carcinoma (NPC) and to detect differentially expressed proteins
which could be used as specific and sensitive biomarkers for early diagnosis of the disease. We have subjected
unfractionated whole sera of ten newly diagnosed Malaysian Chinese patients with World Health Organization
(WHO) type III NPC to 2-DE and image analysis. The results obtained were then compared to that generated from
sera of ten normal healthy controls of the same ethnic group and range of age. Our data showed higher expression
of ceruloplasmin (CPL) and lower expression of α2-HS glycoprotein (AHS) in the serum high abundance 2-DE
protein profiles of NPC patients as compared to that of the normal healthy controls. The ceruloplasmin (CPL) and
α2-HS glycoprotein (AHS) spots were identified by mass spectrometric analysis and Mascot database search. In
conclusions, this information may help in early diagnosis of nasopharyngeal carcinoma.

Keywords: Ceruloplasmin; α2-HS glycoprotein; Nasopharyngeal
carcinoma; Serum 2-DE proteomics

Abbreviations:
AAT: α1-antitrypsin; ABG: α1-B glycoprotein; AHS: α2-HS
glycoprotein; CFB: Complement factor B; CLU: Clusterin; CPL:
Ceruloplasmin; HAP: Haptoglobin (β chain); PR1 to 3: unidentified
proteins

Introduction
Nasopharyngeal carcinoma (NPC) is the cancer occurring in the
mucosal lining (squamous, columnar, and transitional epithelium) and
the minor salivary glands of nasopharynx [1]. It is a rare malignancy in
western countries (less than 1 case per 100,000 person-years), and it is
one of the most confusing, commonly misdiagnosed and poorly
understood disease. But it occurs more frequently in China (more than
20 cases per 100,000 person-years among Southern Chinese) and
Southeast Asia [2]. The rate of incidence generally increases from ages
20 years to around 50 years [3]. In Malaysia, NPC is the third most
common cancer in men (male: 8.5 cases per 100,000 person-years and
female: 2.6 cases per 100,000 person-years) and the rate is highest
among the Chinese men (15.9 cases per 100,000 person-years) [4].
According to the World Health Organization (WHO),
nasopharyngeal carcinoma is classified into three histological
categories. Type I represents well to moderately differentiated
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squamous cell carcinomas with keratin production. Type II includes
nonkeratinizing carcinomas. Type III comprises a diverse group of
carcinomas, and these lesions often are described as undifferentiated
carcinomas or lymphoepitheliomas. Types II and III are commonly
associated with elevated Epstein-Barr virus (EBV) titers and have a
better prognosis than type I [2].
Nasopharyngeal carcinoma shows a remarkably high cure rate for
early-stage of disease, and early detection is critical to improve the
overall prognosis of patients. However, the presenting clinical features
of NPC are often nonspecific, and examination of nasopharynx
requires expertise and renders early detection is difficult. Thus,
diagnosis of NPC is mainly made by biopsy of the nasopharyngeal
mass [5,6]. At present, the detection of IgA (Immunoglobulin A)
antibodies to EBV specific antigens is the most common serological
aid to the diagnosis of NPC [7].
The proteomics approach offer paradigm shift in studies on the
simultaneous expression of serum proteins in patients with cancer.
Detection of selective or aberrantly expressed serum proteins in cancer
patients may prompt investigations of their potential application as
novel diagnostic or prognostic biomarkers. Few biomarkers have been
identified and proposed by proteomics technologies in NPC, and
include: ceruloplasmin, Fibronectin, Mac-2 binding protein,
Plasminogen activator inhibitor 1, and Inter-alpha-trypsin inhibitor
precursor [3,6,8]. Some metabolites also appear promising to be useful
biomarkers
for
diagnosis
of
NPC,
and
they
are
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hydroxyphenylpyruvate,
N-acetylglucosaminylamine,
acetylglucosamine, and kynurenine [6].

N-

In the present study, it was thought worthwhile to use the
application of two-dimensional gel electrophoresis (2-DE) in serum of
Malaysian NPC patients to detect differentially expressed proteins
which could be used as specific and sensitive biomarkers for early
diagnosis of the disease. Hence, we have subjected unfractionated
whole sera of ten Malaysian Chinese patients with NPC and ten
normal healthy controls of the same ethnic group and range of age for
2-DE and image analysis. The differentially expressed proteins were
identified by mass spectrometric analysis and Mascot database search.

Materials and Methods
Serum samples
Ten serum samples were gathered from 7 males and 3 females of
Malaysian Chinese patients with NPC, ages ranged within 40-65 years
old. These were used as routine laboratory testing prior to the
treatment. Through histopathological tests, all patients were
confirmed having undifferentiated carcinoma or WHO Type III NPC
for either stage T1N1M0 or stage T2N2M0 [2]. Meanwhile the control
sera were obtained from another ten normal healthy Malaysian
Chinese volunteers, within the gender distribution and range of age as
the patients. All sera samples were kept at -20°C and subjected to
similar treatment. This research was conducted in the Proteomic and
Drug Discovery laboratory in Forest Research Institute of Malaysia
(FRIM). The research proposal was approved by the Ethics Committee
of SEGi University.

Two-dimensional gel electrophoresis
2-DE was performed as described before by using pre-casting
immobilized dry strips of Amersham Biosciences, Uppsala, Sweden
[8-11]. Whereby seven μl (450 μg protein) of unfractionated whole
human serum samples were placed onto 11 cm isoelectric rehydrated
pre- casting immobilized dry strips having pH between 4 to 7.
Meanwhile for the second dimension analysis, these strips were then
subjected to electrophoresis using 8% to 18% gradient polyacrylamide
gel in the presence of sodium dodecyl sulphate. Three replicates of
tests were conducted and analyzed.

Silver staining
The 2-DE gels were developed by silver staining as previously
described by Heukeshoven and Dernick [12]. For mass spectrometric
analysis, gels were stained according to the method of Shevchenko
[13].

MALDI-ToF pro analysis
All resolved proteins spots appeared in protein profiles were
identified using the standard plasma protein reference, SWISS ExPASy
[14]. The appearance of α1-antitrypsin (AAT), α1-B glycoprotein
(ABG), α2-HS glycoprotein (AHS), complement factor B (CFB),
clusterin (CLU) and the β chain of haptoglobin (HAP), were
confirmed as described before [9]. The identification of ceruloplasmin
(CPL) and α2-HS glycoprotein (AHS) spots were carried out similarly
by using the Ettan MALDI-ToF Pro, while gel trypsin digestion was
performed according to the method of Shevchenko [13]. Mass analyses
were conducted using a mixture 1 μl of extracted sample with equal
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volume of matrix solution consisting of 10 mg/ml alpha-cyano-4hydroxycinnamic acid in 0.5% trifluoroacetic acid (TFA) and 50%
acetonitrite (ACN). Only an amount of 0.3 μl of the solution was
placed onto the slide loader.

Database search
This study utilized Mascot program (www.matrixscience.com) to
search for protein database. This program makes use of the peptide
mass fingerprints (PMFs) to locate for database of matching peptides
from known proteins. The following keywords were used during the
search: trypsin digests (one missed cleavage allowed), species: Homo
sapiens, mass value: monoisotropic, peptide mass tolerance: ± 0.1 Da,
peptide charges state: 1+ and NCBInr database. Protein identification
was further subject to Amersham Biosciences Ettan MALDI software
for confirmation.

Image analysis
Using Molecular Analyst PD Quest densitometry software (BioRad, Hercules, Calif., USA), protein spots were analyzed in terms of
volume. The background noise was subtracted out and the analysis
was confined to ten clusters of protein spots with Mr ≥ 30,000,
distinctively separated by 2-DE, having AAT, ABG, AHS, CFB, CLU,
CPL, HAP and three unidentified proteins termed PR1, PR2 and PR3.
While majority of non-dissolve proteins such as albumin, serum
polypeptides having idiotypic and/or allotypic variations (the heavy
and light chains of all isotypes of immunoglobulin and the α chains of
haptoglobin) and those having low Mr protein spots were not assessed.
In this study, the percentage of volume contribution refers to the
volume percentage of a protein taken against the total spot volume of
all proteins including the unresolved peptides in each gel.

Statistical analysis
The values were presented as mean with ± SD (standard deviation).
This study used independent samples t test to analyze the significance
of differences between normal subjects and patients. A p value of less
than 0.05 was considered as having significant different.

Results and Discussion
Our procedure to separate the unfractionated whole sera of normal
healthy individuals by 2-DE created typical high resolution serum
profiles consisting only the high abundance proteins. Based on the
conditions of our experiments, protein spots that are usually generated
and observed by silver staining were albumin, the heavy and light
chains of IgA, IgG, IgM, α1- antitrypsin, α1-B glycoprotein, α2-HS
glycoprotein, complement factor B, clusterin, β chain of haptoglobin
and three other unidentified protein spot clusters (Figure 1a). The
identities of the above known high abundance acute-phase proteins
have been reported before [9]. Similarly when we subjected
unfractionated serum samples from 7 males and 3 females of newly
diagnosed patients with NPC to 2-DE and silver staining based on the
same experimental conditions, comparable results were obtained, with
the exception of differentially expressed proteins CPL and AHS. Figure
1b demonstrates a typical representative unfractionated serum protein
profile of patients with NPC.
In our current study, image analysis performed on the silver-stained
2-DE serum protein profiles of ten NPC patients as compared to ten
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normal controls indicated significantly higher expression of CPL
(p=0.0001) and lower expression of AHS (p=0.01) in patients.

and AHS (Figure 4) spots were identified by using the Ettan MALDIToF Pro mass spectrometry via in gel trypsin digestion. The results of
this study showed that 2-DE is highly reproducible in the NPC.
However, one previous report has indicated that image analysis
performed on triplicate 2-DE gels of serum samples produced minimal
relative standard deviation in percentage values of volume
contribution of all serum protein spots analyzed [9]. Another previous
study has also shown the over expression and highest serum levels of
CPL in nasopharyngeal cancer patients [8]. The higher levels of
ceruloplasmin (CPL) in sera of patients with various types of cancers
have also been previously described [15-23].

Figure 1: Typical 2-DE serum protein profiles of normal healthy
adult controls and patients with NPC. We subjected serum samples
of normal healthy controls (a) patients with NPC prior to treatment
(b) to 2-DE (pI 4-7) and silver staining. In addition to albumin
(ALB), immunoglobulin α, γ and μ heavy chains (IHC) and
immunoglobulin light chains (ILC), other high abundance protein
spots were detected, such as α1-antitrypsin (AAT), α1-B
glycoprotein (ABG), α2-HS glycoprotein (AHS), complement
factor B (CFB), clusterin (CLU), the β chain of haptoglobin (HAP)
and three unidentified proteins termed PR1, PR2 and PR3.
Comparable expression was seen for most of the resolved proteins
with exception of higher expression of CPL and lower expression of
AHS in NPC patients. Acid sides of all 2-DE gels are to the left and
relative molecular mass declines from the top.

Figure 3: MALDI-ToF Pro mass spectrum of ceruloplasmin (CPL).
Identity of CPL was detected by using Ettan MALDI-ToF Pro mass
spectrometry. Analysis was conducted in reflector mode, and
MASCOT database search of the peptide mass fingerprints was
used.

Figure 2: Mean percentage of volume contribution of 2-DE
detectable serum proteins of patients with NPC. The Molecular
analyst PD Quest densitometry software (Bio-Rad, Hercules, Calif.,
USA) was used to analyze the volumes of protein spots. AAT: α1antitrypsin, ABG: α1-B glycoprotein, AHS: α2-HS glycoprotein,
CFB: complement factor B, CLU: clusterin, CPL: ceruloplasmin,
HAP: haptoglobin (β chain), PR1 to 3: unidentified proteins. The
normal controls and newly diagnosed patients with nasopharyngeal
carcinoma prior to treatment were shown as CON and NPC
respectively. Asterisk denotes the value of statistical significant
difference.
However, comparable results were obtained for all the other high
abundance serum proteins analyzed (Figure 2). Both CPL (Figure 3)
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Figure 4: MALDI-ToF Pro mass spectrum of α2-HS glycoprotein
(AHS). Identity of ASH was detected by using Ettan MALDI-ToF
Pro mass spectrometry. Analysis was conducted in reflectors mode,
and MASCOT database search of the peptide mass fingerprints was
used.
In the present study, the higher expression of CPL was again
detected in the sera of all NPC patients. In addition to CPL, the
expression of AHS was lower in sera of patients while most of the
other high abundance serum proteins resolved by 2-DE was
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comparable to that of the control sera. Lower serum level of AHS in
nasopharyngeal cancer was previously reported [24] which supports
our finding in this study. The CPL and AHS spots were identified by
mass spectrometric analysis and Mascot database search. The sera of
NPC patients generated typical protein profiles that were also different
from the earlier reported 2-DE protein profiles of patients with breast
cancer and fibrocystic disease of the breast [9]. Our data showed
higher expression of CPL and lower expression of AHS in serum high
abundance 2-DE protein profiles of NPC patients as compared to that
of the normal healthy controls. In conclusion, this information may
help in early diagnosis of nasopharyngeal carcinoma.
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