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Abstract
Nasopharyngeal carcinoma (NPC) is one of the sneakiest cancer frequently occurred in
Southeast Asia and southern China. Due to the vague symptoms and difficulty of physical
examination, NPC urgently needs efficient approaches to improve its diagnosis, treatments
and understanding of the disease. In our study we employ a high-throughput system,
iTRAQ-coupled 2D LC-MS/MS, to analyse the protein profiles of patients’ serum and NPC cell
lines in response to Epstein-Barr virus (EBV) infection, which is considered as a major factor
causing NPC. In the clinical study of patients’ sera, 13 proteins showed significant changes
compared with the healthy control. Changed proteins in NPC patients were classified and
analysed according to their functions and served as potential biomarker candidates for NPC
prognosis. In order to study the influence of EBV infection upon the NPC cell line, a
comparative protein profile of NPC cells in response to EBV infection was established by using
iTRAQ-coupled 2D LC-MS/MS system. 12 proteins were found to be significantly up-regulated
in EBV infected NPC cells. By protein network analysis, a novel pathway was proposed
associated with NF-κB signaling pathway and p53 signaling pathway. In the process of NPC
cell line proteome study, an up-regulated potential biomarker candidate, voltage dependent
anion-selective channel protein 1 (VDAC1), was further explored because of its importance
located in the outer membrane of mitochondrial for controlling apoptotic signals.
Pro-apoptotic signals Ca2+ and cytochrome C were detected in response to EBV infection.
Upon virus infection, cytoplasmic Ca2+ was decreased while cytochrome C was increased. In
order to study whether the changes of pro-apoptotic signals was regulated through VDAC1,
we used siRNA to inhibit VDAC1’s expression. After inhibition, cytochrome C was back to the
V

same level as that of non-infected cells, indicating cytochrome C release was regulated
through VDAC1 during EBV infection. These findings proved that iTRAQ-coupled 2D
LC-MS/MS was an efficient approach to study protein profile of nasopharyngeal carcinoma in
both clinical serum samples and cell lines. The changes of pro-apoptotic signals Ca2+ and
cytochrome C upon EBV infection by using siRNA to inhibit the VDAC1 demonstrate new
mechanism of virus infected apoptosis in cancer cells. In summary, these results might
provide valuable information to elucidate NPC mechanisms and improve the management of
nasopharyngeal carcinoma.

Abbreviation
NPC: nasopharyngeal carcinoma; EBV: Epstein-Barr virus; iTRAQ: isobaric tag for relative and
absolute quantification; ELISA: enzyme linked immunosorbent assay; RNAi: RNA interference;
VCA: virus capsid protein; Ea-D: EBV early antigen; EBNA: EBV nuclear antigen; VDAC1:
voltage-dependent anion-selective channel protein 1; Hip-70: Hsc-70 interacting protein;
4F2hc: 4F2 cell-surface antigen heavy chain; Keratin-75: Keratin, type II cytoskeletal 75; TB8:
Tubulin beta-8 chain B; LDH-B: L-lactate dehydrogenase B chain; TIM: Triosephosphate
isomerase; HMG-1: High mobility group protein B1
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Chapter 1 Introduction
1.1 Nasopharyngeal carcinoma
Nasopharyngeal carcinoma (NPC) is a squamous-cell carcinoma that frequently occurred in
several regions. The neoplasm happens in the epithelial lining of the nasopharynx, which is often
observed at the pharyngeal recess posteromedial to the medial crura of the Eustachian tube [1].

NPC is an endemic carcinoma with high regional occurrence. Most patients were from Southeast
Asia and southern China. Some are from northern Africa and Alaska. Alaska and Guangdong
province in China are the most frequently occurred regions. The incidence of having NPC in
people of North America is lower than that of people born in southern China, where immigration
from China to North America makes the incidence of NPC of these regions correlated [2-3]. These
findings shows NPC distribution was correlated with genetic, ethnic and environmental factors.

1.1.1 Pathology
When nasopharyngeal epithelial cells were transformed into tumor cells with malignancy, they
appear to be polygonal and syncytial. The tumor cells were often found to be mixed with
lymphoid cells in the nasopharynx, which triggered the study of “lymphoepithelioma” [4].

The most related pathogen of NPC was called Epstein-Barr virus (EBV) as it was constantly and
frequently detected in patients with nasopharyngeal carcinoma. Both EBV DNA and RNA were
found in nasopharyngeal epithelial tumor cells, where EBV-encoded RNA was not detected in the
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neighborhood of them except their intermingled lymphoid cells. Before becoming malignant,
nasopharyngeal epithelial cells with lesions were also found to take EBV DNA, which indicates the
infection of EBV could be a major reason to cause carcinogenesis [5].

In 1978, WHO proposed the histological classification of nasopharyngeal carcinoma, when NPC
was characterized into three groups: type I – typical keratinizing squamous-cell carcinomas; Type
II – non-keratinising squamous carcinomas and type III undifferentiated carcinomas. The
histological distribution of three types of NPC differs between North America (Type I – 25%; Type
II – 12%; Type III – 63%) and southern China (Type I- 2%; Type II – 3% and type III – 95%). Due to
the mixed histological pattern from nasopharyngeal carcinomas biopsies, the WHO updated the
carcinoma as squamous-cell carcinomas and non-keratinising carcinomas. And non-keratinising
carcinomas

were

sub-grouped

into

differentiated

and

undifferentiated

carcinomas.

Undifferentiated carcinomas have a higher distant metastasis incidence than undifferentiated
carcinomas which have better control records with treatments [6].

1.1.2 Patients classification by symptoms
The symptoms of having NPC include one the four following categories: (A) Appearance of
tumour mass accompanied with the epitaxis, nasal obstruction and discharge; (B) Dysfunction of
enstachian tube as the tumour extend to paranasopharyngeal space. Patients have tinnitus and
deafness; (C) With further extension of the tumor, patients feel pain from heads and faces.
Sometimes patients feel diplopia and numbness. Because skull-base erosion and palsy of cranial
nerves happen; (D) Upper neck masses. And because of the vague symptoms and difficulty of
2

examinations, most patients having NPC are diagnosed during late stages (stage III and IV).

Patients with above physical symptoms should consider clinical examination immediately. An EBV
serological test is good choice to complement endoscopic examination and biopsy. High suspicion
of nasopharyngeal carcinoma given by EBV test should be followed by CT or MRI, even if no
physical symptoms were discovered. A biopsy taken from the lesion is the most validated
diagnosis by visualizing in the nasopharynx with cross-sectional imaging.

1.1.3 Staging system
There are two major staging systems that are used to classify NPC in different regions. One is the
American Joint Committee on Cancer Staging and End Result Reporting/International Union
Against Cancer (AJC/UICC) system commonly used in Europe and America [7]. Another is Ho’s
system preferred in Asia [8-9]. In order to improve the management of NPC, a revised staging
system was developed from many centers and institutions considering skull-base erosion, cranial
nerves, primary tumour extension to paranasopharyngeal space and the conditions of cervical
nodes [10-12]. This revised staging system was published in 1997 [12]. The old T1 and T2 stages
were incorporated into the new T1 stage. The new T2 stage was when tumours extended to the
nasal fossa, oropharynx or paranasopharyngeal space. The new T3 stage was when tumours
extended to the skull base or other paranasal sinuses. The new T4 stage included tumours that
extended to the infratemporal fossa, hypopharynx, orbit and cranium/cranial nerves. Considering
cervical nodal staging, the new N1 system describes the unilateral nodes where N2 to bilateral
nodal disease without considering the size, number and the anatomical location of the nodes.
3

The New N3 stage referred to lymph nodes larger than 6cm (N3a) and extended to the
supraclavicular fossa (N3b) [13]. The new staging system has improved the sensitivity and
accuracy when predicting the patients’ survival [14-15].

1.1.4 Prognosis and imaging systems
Determining the stage of NPC using the revised new system was the most essential factor during
NPC prognosis. In spite of staging system, there are many other methodologies regarding NPC
prognosis. The factors include the conditions of neck nodes, gender, age, the existence of cranial
nerve palsy and ear symptoms. Based on the different patterns of NPC, cross-stage categories
were induced as follows: (1) T1-2N0-1 (relatively good treatment outcome); (2) T3-4N0-1 (mainly
local failure); (3) T1-2N2-3 (mainly regional and distant failure); (4) T3-4N2-3 (local, regional and
distant failure). There categories help doctors to adjust their diagnosis according to different
failure patterns [16].

Normal clinical examination including endoscopic detection can assess the extent of NPC
development in relatively shallow spaces such as nasal fossae and oropharynx. As for deep
assessment such as skull-base erosion and intracranial spread were hard to achieve without
revolved imaging technologies. Cross-sectional imaging was one of the most important
technologies on clinical prognosis. CT was especially good at identifying paranasopharyngeal and
intracranial extension of NPC. CT was also capable of detect perineural spread through the
foramen oval without skull-base erosion [17].

4

Complementing CT, MRI is more suitable to display both superficial and deep nasopharyngeal
soft tissue. It has higher sensitivity for detection of retropharyngeal and deep cervical nodal
metastases [18]. For the bone details correlated with NPC development, CT should be employed
when MRI cannot provide satisfactory data on the base of the skull [19]. For marrow infiltration
by tumours with increase risk of distant metastases, MRI was more reliable because CT can only
apply to infiltration associated with bone erosion [20].

As for distant metastases, both CT and MRI were not applicable with conventional radiographs.
Bone scan, liver scintigrapy, abdominal ultrasonography and marrow biopsy were also studied
and showed no significance for distant metastases [21]. The introduction of positron emission
tomography (PET) in to this type of detection in other malignancies was established. When it
could be used on NPC and its effect is still unknown.

After treatment, MRI is more applicable to detect tumour recurrence and postradation
complications than CT. However, both method have low sensitivity [22], since recurrent signals
from NPC is various and hard to interpret [23]. CT is applied when detecting bone regeneration
after treatments. And PET has been reported to perform higher sensitivity when detecting
residual and recurrent tumours in the nasopharynx [24].

1.1.5 NPC treatment
During NPC treatment, similar with other cancers, radiotherapy is the standard treatment.
However, due to the location of the tumour at the base of skull closely surrounded by
5

dose-limiting organs, radiotherapy was facing complicated limitations for NPC treatments, though
it is still the most commonly used treatments.

Among radiotherapy approaches for NPC, doctors tends to begin phase I treatment using large
lateral opposing faciocervical fields with matching lower anterior cervical field for lower neck
pymphatics. A dose of 65-75Gy is normally adapted to suppress primary tumours. 65-70Gy is
suitable to the involved neck nodes. Prophylactic treatment needs a dose around 50-60 Gy at a
node-negative neck. This radiotherapy has suppressed tumours with higher successful rate in T1
and T2 than in T3 and T4 [16, 25-28]. 2D planning and 3D conformal radiotherapy and intensitymodulated radiotherapy were also employed for treatment with certain limitations [29-30].

Chemotherapy combined radiotherapy has been proved to improve NPC treatment in the past
twenty years. The chemotherapy was mainly classified into three categories: using neoadjuvant,
using concurrent and using adjuvant chemotherapy combined radiotherapy. The study in 1997
was proved for the first time that chemotherapy coupled radiotherapy improved overall survival
than using solely radiotherapy [31]. Along with other groups study, it is now generally accepted
that chemotherapy along with radiotherapy is suitable for NPC treatments, although conflicts rise
concerning problems during local control and distant metastases. Among these three basic
approaches

(neoadjuvant,

concurrent

and

adjuvant

chemotherapy),

concurrent

chemoradiotherapy is considered the most effective method, while distant metastases still cause
large amount of treatment failure. The survival rate of stage IV patients remains low.

6

1.2 Biomarkers discovery and progress in nasopharyngeal carcinoma
Factors influencing NPC infection include race, EBV infection, consumption of food with volatile
nitrosamines and respiratory environment [32]. polymorphism of a nitrosamine metabolizing
gene, CYP2A6, was considered as a potential biomarker’s trait for NPC because of its crucial role
in NPC susceptibility [33]. In Guangdong province of China, an endemic region with high rate of
NPC occurrence, genetic polymorphism of CYP2F1 gene was popular in NPC patients. Accordingly
the operations dealing with multiple genetic polymorphisms were found to be important factor
[34]. Scientists also discovered another gene called XRCC1 responsible for excision repair of DNA.
People assumed that two nucleotide polymorphisms of XRCC1 coding 194 Arg-Trp and 399
Arg-Gln were associated with NPC development and smokers tend to have these genetic defects.
Another gene Cyclin D1, a key controller of the cell cycle, has been reported with associated
altered activity to influence cancer development. The proportion of GG Cyclin D1 genotype
related NPC cases takes 15% in Portuguese NPC patients. And this information provided biological
profile for NPC occurrence in Portugal population [35].

1.2.1 Biomarkers for NPC diagnose and progression of cancer
NPC is a complex disease caused by environment factors, virus infections and host genes in a
series of carcinogenesis process. In the DNA level, defects of genes can become a marker in early
stages of NPC carcinogenesis. Aggravation of genomic alterations appears to be a less-powerful
approach for prognosis of cancer [36]. For understanding the putative changes in NPC genes,
evolutionary tree was used to compare genomic information in NPC issues. It has been found
that Chromosome 12 has the symptoms of losing 3p for both tree models and this discovery
demonstrate that this gene lose were important early markers in NPC progression. The reporter
7

also listed what specific genes are marked [37].

Scientists make use of bioinformatics to analyze the nuclear gene difference in the expression
and the location of NPC-related proteins. EGFP/UBAP1 were kinds of proteins expressing in
nuclear, especially displaying on the nuclear envelope. Their expression difference may be related
with NPC progression [38]. And a locus on 3p21 was identified as a linker to NPC in a linkage
analysis [39]. It has been discovered that a tumor suppressor gene RASSF1A is frequently silenced
by promoter hypermethylation in NPC. Detected by high-density oligonucleotide array, the RASS
highly regulates the expression of activin BE and Id2 in NPC. Id2 is repressed by RASSF1A and
regulated by activin BE overexpression. The data demonstrate that a new reasonable RASSF1A
pathway where both activin BE and Id2 were addressed [40].

Although most genes related with NPC carcinogenesis is up-regulated, a new gene name
KIAA1173 has been found down-regulated in NPC patients [41]. And it was reported that novel
cell cycles has been found in NPC development [42] and plasma osteopontin was up-regulated
in patients with undifferentiated NPC [43].

In NPC histology, diagnosis is determined by traditional biopsy of nasopharyngeal mass. A
common used imaging tool for staging judgment of NPC is fused positron emission
tomography/computed tomography. However, NPC is a kind of sneaky cancer for its deep
location and vague symptoms [44]. By observing the NPC cellular events, it has been found that
DNA diploidy occurred prior to the development of premalignant to malignant head and neck
8

squamous cell carcinomas. And integral defects of cell-free circulating RNA was found to be
related with NPC [45].

It was also reported that methylation of certain gene (e.g., CDH13 [46]) could lead to different
NPC cell performance. Using sodium dodecyl sulfate polyacrylamide gel electrophoresis
combined with mass spectrometry, Protein level of changes in NPC was also explored including
discovery of fibonectin, Mac-2 binding protein and plasminogen activator inhibitor 1 as potential
markers. Western-Blot was employed to validate the results [47].

1.2.2 NPC biomarkers for targeted therapies
Targeted therapies have been employed from radiotherapy to molecular treatment. Radiotherapy
dose and field margins are depend on location and size of the primary tumor and lymph nodes
[48], [49]. In clinical trials, new types of treatment are being used, including biological treatments
and intensity-modulated treatments. Advanced immunologic therapy and combined
chemotherapy facilitate to control NPC development.

In the DNA level, researchers have been investigated novel ways for targeted therapy. Using
oligonucleotide microarray analysis, THY1 showed continuous down-regulated expression in the
tumor segregants. And its location is near a previously defined 11q22-23 NPC critical region. In
the lymph node metastatic NPC, THY1 was proved to be capable of suppressing tumour [50]. A
chromosome 3p has been demonstrated its ability to suppress tumor growth in vivo. Taking use
of reverse transcription polymerase chain reaction (RT-PCR), a candidate gene as a suppressor of
9

NPC was identified. It was named BLU/ZMYND10 located in the 3p21.3 region. And it was
down-regulated significantly in NPC cell lines and biopsies [51]. Gene DLC-1 was identified as a
suppressor and it’s down-regulated. The methylation-specific PCR indicated that DLC-1 might be
a gene related with NPC tumor suppression by aberrant promoter methylation and gene deletion
[52].

It was reported that a novel gene was responsible for NPC suppression called GADD25G by
observing its changes in environmental stress [53]. A gene named BRD7 belonging to
bromodomain was found to be related with NPC suppression. Overexpression of BRD7 might
inhibit NPC cell growth by regulating some important molecules in its pathway. It was also
mentioned that the nuclear address of BRD7 was crucial for expression of cell cycle related
molecules and regulating cell functions [54]. A certain gene named MAD2bB found by Cheung’s
group was detected to be suppressed in tumor development by observing DNA damaging process.
The results indicated that inactivation of MAD2B could lead NPC cell more sensitive towards
DNA-damaging anticancer drugs [55].

It has been reported that, in NPC cells, Wnt signaling pathway awas acitivated and WIF-1 was
silenced. Through methylation-specific PCR and sequencing analysis, scientists observed
abnormal Wnt signaling as a common phenomenon in NPC cells with WIF-1 being silenced [56]. A
human cancer epithelial marker was found in involvement of the gene product in response to
DNA damage. Over-expression of 14-3-3б in NPC cells reduces the tumor volume in nude mice.
The discovering provided us a new way in DNA level for NPC treatment [57].
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RNA interference (RNAi) has been applied popular in recent years. And it has been also used in
studying NPC development. Bcl-xL gene has been proved to be related with cancer cell growth.
Silencing bcl-xL gene with siRNA reduced the proliferation of NPC cells and induce cell cycle arrest
at G1 phase, which enlighten us for gene therapy of NPC cells [58]. Pathway analysis by
microarrays revealed that increase of NF-kB2 and survivin decrease the possibility of tumor cell
apoptosis. Changes in intergrin and Wnt/β-catenin signaling lead to excessive proliferating. RNAi
technology let us assure that surviving takes as an important therapeutic target for NPC [59].

1.2.3 Biomarkers discovery towards treatment response
The effects of treatment towards NPC are always hampered when tumors are growing larger and
stepping into advanced stage. Cervical lymph nodes also disturb the therapy [60], [61]. It was
found that a decrease of Ki67 or DNA aneuploid lead to low sensitivity towards chemotherapy,
liability to metastasis and a poor diagnosis. Thus this Ki67 and DNA ploidy can be used as
biomarkers for chemo-sensitivity and NPC prognosis [62]. Zhao’s group reported the vascular
endothelial growth factor changes in response to radiotherapy. Patients with high serum VEGF
level demonstrate poor diagnosis [63]. In the process of tumor cell spreading, Endothelin-1 is an
important vasoactive peptide as an angiogenic growth factor induced by hypoxia. Study is of
endothelin-1 may help us figure out novel ways preventing distant failure in NPC patients with
late stages [64].

A potential serum biomarker was identified named Ceruloplasmin (CPL) by mass spectrometry
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and MASCOT database search. Enzyme-linked immonosorbent assay (ELISA) was used to test the
enhanced expression of CPL in NPC patients’’ serum. However, CPL level does not change much if
patients show positive response to treatments [65].

For evaluating the relapse of NPC, two isoforms of serum amyloid A (SAA) were identified as
potential biomarkers. In the recurrence of NPC, the SAA content showed upregulation while it
was dramatically decreased after salvage chemotherapy [66]. Further examinations were
conducted for evaluating the biomarker changes due to different drug combinations. It was found
that an inter-α-trypsin inhibitor precursor and platelet factor-4 shows potentiality for NPC
biomarkers. These biomarkers discovered may provide useful information for radio-and
chemotherapy of NPC [67].

1.2.4 Molecular biomarkers for Epstein-Barr virus-infected NPC
EBV infects large amount of human beings, especially in endemic regions. EBV belongs to human
gamma-herpesvirus family. A causal relationship between EBV and NPC was discovered in many
cases. EBV encoded genes have been founded in the host immune system and in the process of
signaling pathways. The vast presence of EBV genome in almost all NPC tissues renders it possible
to use EBV gene as markers for NPC prognosis. EBV antibodies were clinically used to detect EBV
coded proteins associated with gene mapping to facilitate NPC prognosis and monitoring.

Viability of immunoglobulin A (IgA) and immunoglobulin G (IgG) antibodies responses to various
EBV antigen stimuli allows us to improve early diagnosis of NPC with additional serological assays.
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EBNA-1 is coded as the viral nuclear antigen expressed in NPC. It is a primary target during T-cell
based immunotherapy [68]. Two synthetic peptides representing immunodominant epitopes of
EBNA-1 and viral capsid antigen VCA-p18 were employed in a one-step sandwich ELISA to
specifically detect EBV induced IgA and IgG antibodies in NPC patients [69]. The ability of VCA-IgA
and VCA-IgG was compared during biomarker study. VCA-IgA showed better performance,
although its sensitive was hammered in the fluorescence reaction [70].

Circulating EBV DNA was often identified as forms of DNA fragments rather than intact virions. By
quantitative size analysis, Chan and Lo reported that 80% of these DNA fragments were shorter
than 180 bp [71]. Comparing between virus DNA in NPC patients’ plasma from peripheral blood
cell and cancer cells, plasma EBV DNA derived from the cancer cells has higher sensitivity and
reliability than that of peripheral blood cell. Thus plasma DNA from NPC cell lines has greater
potential for clinical evaluation in the molecular level [72]. Since plasma EBV DNA could reflect
the progress of tumors growth, the change of its signal can help us manage NPC diagnosis and
treatments [73]. Plasma EBV DNA concentration can be employed in monitoring NPC multiagency.
The incidence of EBV DNA appearance in response to different treatments in patients with distant
metastasis were much higher than those with continuous remission and local relapse [74]. The
abundance of plasma EBV DNA was proved to be correlated with the presence of NPC. Thus
these findings elevate the role of cell-free EBV DNA quantification in NPC prognosis [75].

Besides studying NPC patients with malignancy, patients treated with chemotherapy were also
detected to harbor EBV DNA in the serum. For example, EBER-1 DNA could become a useful
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adjunctive surrogate marker in response to chemotherapy due to its special appearance in the
serum of NPC patients with distant metastasis or advanced local recurrence [76]. Altered
expression of EBER and several other genes were found to be related with NPC progression using
tissue microarray analysis. Upon EBV infection, protein p53 was overexpressed while p16 and p27
proteins were decreased in the process of nasopharyngeal epithelial carcinogenesis [77]. The EBV
oncogene BARF1 was also found popular in NPC patients. Structural study focusing on the NPC
related proteins were conducted. The secreted BARF1 glycoprotein was analyzed by X-ray
crystallography. The structure was found to have high similarity with CD80 or B7-1, a
co-stimulatory molecule present on antigen presenting cells, where evolution of BARF1 began
[78]. Measurement of EBV DNA Abundance and BARF1 mRNA amount in simple nasopharyngeal
brushings allowed non-invasive NPC diagnosis. Due to the simplicity of non-invasive biopsies, the
procedure might have potential for scanning monitoring large serological NPC samples as an
approach of validation [79].

The consequence of EBV infection towards the STAT3 and NF-kB signaling pathways in
nasopharyngeal epithelial cells was studied. The upregulation of their downstream targets (c-Myc,
bcl-xL, IL-6, LIF, SOCS-1, SOCS-3, VEGF and COX-2) was also detected. EBV latent infection
suppresses p38-MAPK functions without activating PKR cascade. The evidences support that EBV
latent infection implement aberrant cellular functions in various pathways to prevent attacks
from the immune system and facilitate cancer development [80]. After comparing the amount of
latent EBV genes in NPC cells with normal nasopharyngeal tissue samples, it was concluded that
key proteins responsible for apoptosis (bcl-2 related protein A1 and Fas apoptotic inhibitory
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molecule), cell cycle checkpoints (AKIP, SCYL1 and NIN) and metastasis (matrix metalloproteinase
1) were closely dysregulated in EBV infected NPC cell [81].

LMP-1 is coded as the membrane protein of EBV and studied in NPC cell response to arsenic
trioxide (As2O3). The telomere is elongated by LMP-1 mediated with As2O3 activities [82].
Researchers studied As2O3’s impact on cells and proved its involvement in inhibitting LMP-1
expression, triggering apoptosis and altering of cell cycles growth. NPC cells with LMP1 were
more sensitive to As2O3 stimulus than LMP-1-negative NPC cells [83]. Functional study of As2O3
revealed that NPC cell malignancy might be reduced by inducing As2O3 through inhibiting
MMP-9 expression. And the downregulation of LMP-1 were found to be a reasonable explanation
to elucidate the progress against malignancy in As2O3 treated NPC cells [84].

In order to inhibit LMP-1’s expression, RNAi was found to be effective to reduce proliferation on
NPC cells. RNAi may become an powerful approach to study the functions of LMP-1 in NPC
carcinogenesis and serve as novel therapeutic strategy against EBV infections [85]. A recombinant
adeno-associated virus type 2 vector carrying siRNA was employed to inhibit EBV LMP-1 in the
EBV-infected human NPC C666-1 cells. Results indicated that chronic suppression of EBV-encoded
LMP-1 in vivo was an effective method to prevent NPC metastasis [86].

Molecular approaches including above polymorphism, evolutionary tree, bioinformatics in terms
of linkage analysis and microarray, RT-PCR, methylation-specific PCR, RNAi and etc. These are
promising approaches for biomarker research. However, the effectiveness and sensitivity of
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molecular biomarkers remains improving due to several limitations. Genes needed to be
transcript and translational to become functional proteins facilitated with many other co-factors
and elements. Single alteration of DNA mutation or methylation may not necessarily cause
cancer because defects of certain genes will be only expressed by associated activators and
facilitators. A person could remain healthy when mutations in his or her genes are deactivated.
The second limitation is the low specificity where several mutations of DNA are found in different
diseases thus we are not able to determine whether certain genes are specific biomarkers for one
disease. What's more, the status of some molecular biomarkers reported in literatures is
transient and might cause inconsistency of experimental results, especially on the mRNA level.
Due to the variety of approaches for discovering these molecular biomarkers, collection of
molecular samples should be standardized so that the comparisons can be made based on the
standard benchmark for each collection method.

1.3 Epstein-Barr Virus
The Epstein-Barr virus (EBV) is also named human herpesvirus 4 (HHV-4). It belongs to the herpes
virus family, which includes herpes simplex virus 1 and 2. As one of the most common viruses in
humans, EBV infects more than 95% of all human adults on earth and most infections persist for
life [87]. Fortunately, most of the populations carrying EBV appear no sigh of diseases unless
triggered by certain stimuli either from outside of the body or from gene defects. Several cancers
were found to associated with EBV including Hodgkin’s lymphoma, Burkitt’s lymphoma,
nasopharyngeal carcinoma and central nervous system lymphomas associated with HIV [88-90].
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It has reported that EBV is also related with autoimmune disease such as dermatomyositis,
systemic lupus erythematosus, rheumatoid arthritis, Sjogren’s syndrome and multiple sclerosis
[91-93].

Upon infection, most people gain adaptive immunity. Infants will be vulnerable to EBV once
maternal antibody protection vanishes. Similar with adults, many children carrying EBV show no
signs of infection, since no symptoms appear to distinguish them from healthy children. When
EBV infection happens during teenage years, there is a chance to cause infectious mononucleosis.

1.3.1 EBV history
Epstein-Barr virus was firstly discovered and documented by M. Anthony Epstein and Yvonne Barr.
The story began from reporting Burkitt’s lymphoma in a lecture reported by Denis Parsons Burkitt,
a surgeon practicing in Uganda in 1961. In 1963, a biopsy from Uganda was sent to Middlesex
Hospital for culturing and storage. In 1964, Epstein, Bert Achong identified the virus particles and
published the results in the lancet. At the same time, cell lines carrying virus particles were
delivered to the Children’s Hospital of Philadelphia, where Werner and Gertrude developed
serological markers from virus infections. In 1967, antibodies against EBV were developed by a
technician in the laboratory.

1.3.2 EBV virology
Once infected into the cell successfully, EBV expresses its gene through two ways of cycles: Lytic
cycle and latent cycle. The lytic cycle was triggered to produce infectious virions after expressing
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several viral proteins including gp350 and gp110 [94]. EBV virions are budded out of the infected
cells without necessarily leading to host cell lysis. The latent cycle does not result in producing
virions. During this cycle, several proteins were produced including Epstein-Barr nuclear antigen
(EBNA)-1, EBNA-2, EBNA3A, EBNA3B, EBNA3C, EBNA-leader protein (EBNA-LP), latent membrane
proteins (LMP)-1, LMP-2A and LMP-2B and the Epstein-Barr encoded RNAs (EBERs). Besides, EBV
also produces more than twenty microRNAs during latently infected cells. And the present
snoRNA is detected during lytic cycle [95].

1.4 Study on the relationship between nasopharyngeal carcinoma and
Epstein-Barr virus
Due to vast appearance of EBV gene and proteins in the cells and serum of the NPC patients,
relationship between EBV and NPC has been took attention and studies for years. Both EBV DNA
and latent membrane proteins were studied. It has found that the proliferated viral DNA was
homogeneous with the original viral DNA, suggesting that the tumors are proliferated from the
original cell infected with EBV [103]. Within the tumor cells, EBV genes were found to have high
existence in early dysplastic lesions. Regarding the virus proteins, latent membrane protein 1 and
2 has been reported for their significant influence on host gene expression and cellular functions.
And these two proteins are associated with malignancy of the tumors. The EBV mostly infects the
B lymphocytes and more evidences have been discovered supporting the transforming infection
into the epithelial cells, which could serve as a development of tumor malignancy. However,
epithelial infection is much less efficient than that towards B lymphocytes.
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1.4.1 Presents of EBV gene and protein in NPC cells
In the malignant epithelial cells, EBV DNA and EBV nuclear antigen complex (EBNA) were
detected by hybridization kinetic analysis [104-105]. Compared with Burkitt’s lymphoma, EBV
DNA existed in almost all the samples from both high and low occurrence areas while not all of
Burkitt’s lymphoma patients carried EBV [106]. The WHO characterizes NPC into three classes:
keratinizing squamous cell carcinoma (type 1); non-keratinizing carcinoma (type 2) and
undifferentiated carcinoma (type 3). Among these three types of NPC, type 1 was found to
contain EBV with least occurrence, since this type of NPC only appear less than 1% in the
endemic areas of high incidence. Thus type 1 NPC wasn’t drew full attention from the researchers.
As the cloning probe technology becoming popular, EBV genomes have been detected in type 1
NPC in several cases while no viral genome was found in squamous NPC by traditional
hybridization in vivo. During the study of NPC in Malaysia, EBV DNA was detected by Southern
blots. And through in situ hybridization and immunohistochemistry, EBER RNAs and LMP1 were
also detected in NPC cells [107].

1.4.2 Latent EBV infection in NPC
Unlike in permissive infection, EBV DNA was contained in an extrachromosomal episome. In
permissive infection, the episome is transformed into intermediates and cleaved into linear DNA
which is required during virions formation [108-109]. The evidence supporting EBV’s latent
infection was the detection of EBV episomes in NPC cells. By sequencing the linear EBV, people
found that a tandemly repeated 500bp DNA (TR) existed in all the terminus of the virus DNA
[110]. By observing the number of TR, it was found that every copy of episomes was identical.
This discovery suggests that the tumor cells were identical clones of the original cell infected with
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EBV. In some cases, ladder arrays of the EBV DNA fragments were detected suggesting the virus
may reactivate form the latent infection and process the further production [111]. The
occasionally reactivation may provoke an elevated immune response. In addition, multiple copies
of episomal EBV DNA were detected by pulse field electrophoresis, indicating a possible
contribute to the tumor development of NPC [112].

1.4.3 Premaligancy in NPC
Unlike other types of tumors, NPC has poor early manifestations of malignancy such as dysplasia
which is also termed as carcinoma in situ. During one study, only 11 samples were found to have
positive atypical hyperplasia among over 5000 biopsies [113]. In the dysplasia-positive samples,
LMP1 and EBERs were detected. EBNA1, LMP1 and LMP2A were detected in all of the
premalignant lesions. All samples with dysplasia had a common restriction site at the end EBV
episome through Southern blots. These evidences indicated that the premalignant NPC cells
contain EBV. It was also proposed that genetic changes would affects viral infections before latent
infections happen accompanied with expression of LMP1 and LMP2. Prior to EBV infection, a loss
of a tumor suppressor p16 was found in NPC cells. This finding supported that NPC malignancy
may results from a combination consequence of EBV infection and host gene defects.

1.4.4 EBV expression in NPC
Several studies has confirmed that EBV infection can express the small nuclear RNAs (EBERs),
EBNA1, LMP1, LMP2 and transcripts from the BamH1 restriction site [114-116]. From the
expression on the protein level, EBNA1 was detected and LMP1 was also detected in around 50%
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of tumor cells through antigen-antibody specific binding tests, though these antibodies cannot
recognize all the LMP1 [117-118]. LMP2 was not detected from the biopsies yet under current
detection technology. It is highly likely that LMP2 was under the limit of detection and being
undetectable. From the molecular perspective, several reasons that lead to the different
expression in EBV infected cells have been identified. One element is that, in EBV infected cells,
different promoter was used. A promoter in BamH1 F/Q was used during latent expression
program while a promoter in BamH1 C was used activated by the expression of EBNA2 [119-121].
In lymphoid cells, LMP1 expression was controlled by its promoter combined with EBNA2 and
EBNA-LP. But in epithelial cells, the exact promoter controlling LMP1 was unknown. We only
knew that a larger mRNA transcripts LMP1 [122-123]. And the mRNA was regulated by the
promoter controlled SP1 and STAT3 [124]. It has been reported that this promoter was more
active in epithelial cells with STAT3 was continuously expressed [124]. In addition, a series of
mRNA were identified from the BamH1 region in NPC cells from the cDNA libraries [123, 125].
The cDNA contains open reading frame (ORF) formed from identified exons. However, the
pathways during the transcription and translation were still unknown due to the vague
information discovered until now.

1.4.5 NPC management concerning EBV strain variation
Due to the patterns of EBV infected NPC and its malignancy, people rise concern about whether
the distinct pattern results from different strains of EBV. In China, the EBV strain was found to
have lost the BamH1 restriction site within W1’ and I1’ fragments. And the Chinese strain has also
no XhoI restriction enzyme polymorphism in the frame of LMP1 gene, where the polymorphism
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was popular in Alaska and Caucasian American regions. The Mediterranean Europe and Africa
also lose the XhoI restriction site in their endemic places. Analysis showed that the Chinese EBV
strain was type 1 strain while the Alaskan samples were EBV type 2. However, sequencing of
LMP1 in different endemic regions indicated that variation of LMP1 was independent of EBV type
[126]. The LMP1 sequences differ in the region of a repeated 11 amino acid fragment. In some
cases, an insertion of 5aa was detected while some samples lose several amino acids between
343 to 352 of the B95B LMP1. The elevated voice about deletion strains supported that the
deleted variant may be more popular in NPC tumor cells. The results from two studies indicated
that isolation of LMP1 from NPC leads to higher chance of activating NFkB [127-128].

1.5 Proteome study on nasopharyngeal carcinoma
The term “proteomics” means the study of proteins [129]. Until now, several major aspects have
been used as proteomics strategy. The first strategy is based on gel electrophoresis technology.
Now it’s often 2-dimentional and coupled with mass spectrometry (MS). This technology
identifies different proteins at the same time, thus applicable for broad disease diagnose.
However, in order to quantify each protein, 2-D gel electrophoresis is not sufficient to provide
such information. To achieve quantification of proteins, scientists make use of liquid
chromatography (LC) combined with mass spectrometry (MS). LC-MS/MS technology enables
scientists to identify and quantify proteins with high efficiency.

Another technology is surface-enhanced laser desorption/ionization time-of-flight MS
(SELDI-TOF-MS) or SELDI protein chip technology. These technologies allow us to identify, purify
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and analyze proteins by judging the peaks in mass spectrum with unique mass-to-charge ratios
(m/z). These technologies implement high-throughput screening of proteins in vast disease and
have been used broadly in scientific institutions and hospitals [6, 7].

Besides above-listed technologies, novel strategies have been developed. For completing 2-D gel
electrophoresis, differential in-gel electrophoresis (DIGE), isotope-coded affinity tag (ICAT) and
isobaric tag for relative and absolute quantification (iTRAQ) have been taken as more
scientifically advanced technologies. Electron capture dissociation (ECD), electron transfer
dissociation (ETD) and chip-based proteomics strategies all help people get more reliable
proteomics profiles [8-10].

1.5.1 Brief introduction of proteomics on clinical application
As mentioned earlier, proteomics provide us scientific and reliable strategy in such a way that
most proteins within a cell or serum can be elucidated. And the proteins information gives us
numerous profiles for disease diagnostics and treatments. Clinical institutions have been using
this technology on various diseases, especially on carcinoma management. Scientists also
develop advanced methods making clinical proteomics more effective and powerful.

1.5.2 Proteomics technologies
Proteomics technologies are considered powerful tools for protein analysis. Normally it’s
constituted of 3 major steps: a. sample preparation; b. protein separation; c. identification of
proteins and post-translational modification. Each type of proteomics in these three aspects will
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be evaluated here and the advantages of choosing LC-MS/MS approach will be elucidated.

The major steps begin from protein preparation. It requires proteins be solubilized in appropriate
condition from tissue or blood [130]. Detergents, chaotropic and reducing agents must be used
on a case-to-case manner since each type of protein has its own properties. Interactions between
proteins and other agents such as lipid, peptide or themselves must be considered in order to
minimize the side-effects during preparation.

Proteins sometimes share similar properties but functionalize in different ways. The
sub-proteomics deal with these proteins with similar physical or chemical properties.
Classification of them requires good understanding of biochemical characteristics and cellular
compartment (e.g., mitochondria, sarcoplasmic reticulum) functions.

After protein preparation, they will be separated. The common method for doing this is
two-dimensional sodium dodecyl sulphate polyacrylamide gel electrophoresis (2-D PAGE) [131],
[132]. In the first dimension, protein mixtures are separated by isoelectric focusing due to
isoelectric point. Then these proteins are proceeding resolved in the second dimension according
to molecular weight in SDS-PAGE. Then protein can be stained by protein binding dyes for
following analysis. However, 2D-PAGE encountered two problems including narrow span of
protein range and low-throughput analysis. And 2-D PAGE is not necessary if other advanced
strategy (e.g., HPLC) is powerful enough to execute protein separation.
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The third step goes to protein identification. Mass spectrometry is one of the best choices for
doing this because of its high-throughput capabilities and high analytical sensitivity [133].
Matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF) MS is one of such friendly
tools. Protein separated by 2-D PAGE, one dimensional SDS-PAGE, or other methods are digested
into peptides. Because mass-to-charge ratio of peptide fragments is detected, the system can
generate a peptide mass fingerprint from the sample. Compared with the existing database, the
system is able to figure out proteins of interests effectively and efficiently.

Surface-enhanced laser desorption/ionization time-of-flight (SELDI-TOF) is a modified system
from MALDI-TOF. And it’s capable to analyze higher molecular weight proteins (>100kDa), while
normal mass spectrometry can only reach to 30-300Da peptides [134]. The advantage of SELDI
lies in its potential to separate complex proteins more easily and less sample preparation
procedures. Its advantage is due to the use of chromatographic chip surface technology
(ProteinChip) to capture and separate proteins prior to identification [135]. However, SELDI-TOF
MS is not suitable for analyze proteins in serum because high abundant proteins peak overwhelm
low abundant proteins. And information about proteins with small amount may be lost in this
way.

For completing the defects of mentioned problem, tandem mass spectrometry (MS/MS) provides
amino acid sequence information of peptides from parent protein because another MS system is
preceded. In this way peptide mass information determined from MALDI-TOF or SELDI-TOF is
combined with peptide sequence information from MS/MS to provide an accurate protein
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profiles from samples.

1.5.3 Clinical proteomics
Clinical proteomics is to apply proteomics onto disease diagnostics and treatments. Reports in
the area of clinical proteomics have been increasing rapidly since 2004, especially in the field of
biomarker discovery.

Blood in our bodies contains large amount of protein easily accessible. Besides erythrocytes,
leukocytes, haematoblast within plasma and serum, blood also contains other components from
other tissues of body, either by leakage or injections. Thus the difficulty of blood analysis lies in
identifying proteins with large span of concentrations. For example, albumin is present in the
milligrams per milliliter range while cytokine exists in the picograms per milliliter range [136].
This dramatic difference of protein concentration requires higher sensitivity of proteomics
analysis.

Serum, derived from centrifugation of clotted plasma, provide rich information of proteomics. It
contains around 70mg/ml protein and other small molecules. Up to date, there have been about
10000 proteins found in serum and their distribution is very imbalance. 97% of total protein in
serum is high-abundant proteins such as albumin, immunoglobulin, haptogloblin and transferrin.
Albumin comprises 55% of all serum proteins and immunoglobulin takes about 15% of them
[136], while 3% contains various types of small-abundant proteins [137], [138]. To increase the
possibility of finding new biomarkers, scientists already figure out ways to block side-effects from
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large-abundant proteins [139]. And we also need to avoid over doing it because the more step
we are taken in separation, the higher possibility we are losing our interest proteins.

Protein analysis is always implemented by mass spectrometry, which is high-throughput and
highly sensitive. Generally two strategies have been employed for clinical application. One is
identifying novel biomarkers for a specific disease and the other is to evaluate a patient’s state
through existed biomarkers.

Biomarker discovery has been evolved from a single marker to multi-marker systems. In the first
place, people discover single protein changes in patients or drug-induced protein difference.
However, due to the large amount of proteins affected by numerous factors, this approach is
hampered by its accuracy and sensitivity [140]. Complementing its disadvantages, scientists
developed multi-maker systems to better access patients’ diseased state. The group of Rai
developed three biomarker candidates that could be used to differentiate ovarian cancer patients
from healthy individuals. Their group also tested the biomarker changes towards tumor antigen
named CA125 [140]. The results showed that the three biomarkers changes more violently
when treated with CA 125 and thus increase its sensitivity. And Zhang’s group provided better
performance by multiple-maker system [141]. These results demonstrate that multiple-biomarker
system shows good potential for clinical application.

1.5.4 Today’s issues on clinical proteomics
No matter discovering biomarkers or using them to examine a patient’s diseased state, a good
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understanding of resources is important. Scientists must be clear that steps before proteomics
studies are crucial factors influencing test results. Marshall’s group highlights the importance of
operations prior to analytical steps during proteomic studies [142]. They treated blood samples
with myocardial infarction. Through drawing samples at time intervals, rather than normal
pathophysiological process, they found that, within two hours, the protein profile changes,
showing a different present pattern at the same room temperature. They also discovered that the
activity of proteases in serum and plasma remain same when concentration of protease inhibitor
changes. This example demonstrates that a pre-analysis step is so important that it can either
disrupt the results or make our better understanding the data.

Another important factor that may mislead the result is biological variation. Healthy people and
patients with certain disease takes different proteomics condition in different age, gender, race,
living condition, disease stage and even psychological status [143]. And these in-situ factors
influence the proteomics analysis all the time. Thus a better understanding of our research
subject is crucial for giving more scientific and reliable results.

1.5.5 Proteomics in nasopharyngeal carcinoma
Helped by those advanced proteomics technologies, scientists are able to monitor protein profile
during NPC management.

A. Proteome map
The proteome map is the database in which proteins are identified in NPC patients. By using XML
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database Xindice (URL: http://xml.apache.org/xindice), people have built more than 200 spots
after MALDI-TOF-MS, ESI-Q-TOF-MS and 2-DE/MS analysis [144], [145]. NPC cell line is also
established as CNE2 and these proteins are highly involved during infection, metastasis and
apoptosis of tumor cells.

B. Biomarker for NPC diagnose
NPC is often lately discovered because of its deep location and vague symptoms. Thus biomarker
discovery appears to be very important strategy for early-stage diagnose. By using proteomics
technology, scientists have identified nearly 10 types of biomarkers in NPC patients [146]. Each
protein is involved in different stages of cancer cells and some of them have been given
reasonable proposed roles during cell development [14-16].

C. Proteomics of NPC cells responding to various stimuli
Researchers have been searching tools to control and cure NPC patients. And proteomics study is
a great way to evaluate stimuli and develop effective treatments. RNA interference (RNAi) has
been emerged as an advanced technology for treating disease at RNA translation and expression
level. People have found that a specifically increased protein in NPC patients could be knocked
down by RNAi silencing [147]. Some proteins were identified as functional ones during NPC
development. For example, TPA has been discovered as a component to facilitate EBV infection to
human epithelial cells and malignant transformation. Yao et al. [148] treated NPC cells with TPA
and found six changed proteins as biomarkers. And other proteins or chemicals also have been
discovered as functional treatment for NPC patients such as Epidermal growth factor receptor
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(EGFR) [149] and G-quadruplex ligand 3,3’-diethyloxadicarbocyanine iodide (DODC) [150] by
proteomics study of NPC. It’s truly realized that proteomics study can be used as an effective way
for discovering biomarkers of NPC, which is urgently important for NPC diagnose.

1.6 Pathways in nasopharyngeal carcinoma cells in response to EBV
infection
Studying the pathways in NPC cell lines help us to understand the mechanisms from the
non-malignant stage to malignant stages. And it is also important to know the pathways of NPC
cells in response to EBV infection, since EBV was vastly discovered in NPC cells. During the study
of NPC proliferations, the following critical signals were found to involved in tumorgenesis: Wnt
pathway [151], NF-kB pathway [154], [155] and β-catenin pathway [153]. Aberrant apoptosis was
also discovered in NPC cells with up-regulated functional proteins. Unique pathways were
generated where tumor suppressors were lost in NPC. In the process of tumorgenesis, aberrant
cell cycle and cell adhesion also happen because of the correspondingly altered proteins.

Wnt pathway, NF-kB pathway, β-catenin pathway, amd aberrant apoptosis are key pathways
involved in this study. Databases discussing these pathways are many. All of them can be
accessed from a pathway resource list named pathguide (URL: http://www.pathguide.org). The
key databases we used in our study are those widely used and published in other literatures. One
database we used is Kyoto Encyclopedia of Genes and Genomes (KEGG) which focuses on gene
interactions in many kinds of species and diseases(URL: http://www.genome.jp/kegg). Another
used to study the protein network of virus infected NPC cell line is VirHostnet platform: a
combination of pathways databases focusing on protein-protein interactions: Biomolecular
30

Interaction Network Database (BIND), the Human Protein Reference Database (HPRD) and the
Molecular Interaction Database (MINT) (URL: http://pbildb1.univ-lyon1.fr/virhostnet/login.php).

1.6.1 Aberrant proliferation pathways
It has been found that aberrant Wnt pathway is present in NPC cells. In normal epithelial cell, the
Wnt proteins bind to the frizzles family receptors and activates an intracellular cascade to inhibite
the glycogen synthase kinase 3β (GSK-3β), where abnormal Wnt signaling activates Akt and
phosphorylates GSK-3β [151]. β-catenin is accumulated due to the phosorylation of GSK-3β.
β-catenin plays important role in the Wnt pathway. EBV infection has been proved to up-regulate
β-catenin and caused nuclear localization mediated by the increased GSK-3β [152]. While Akt was
up-regulated in both NPC and Hodgkin’s lymphoma, only in NPC cells phosphorylated GSK-3β and
β-catenin were up-regulated [153], which indicated the specific impact of EBV towards the Wns
pathway via changing phosphorylated GSK-3β and β-catenin. NF-kB was essential in controlling
the cell growth and modulating inflammation. In NPC cells, NF-kB signaling is activated by binding
LMP1 with tumor necrosis factor receptor-associated factors (TRAFs) [154]. Interestingly, another
protein coded by EBV named LMP2A down-regulates NF-kB [155]. The tumor development is
affected by the contradictory contribution of LMP1 and LMP2A during EBV infection. The details
about how these two proteins interacting with each other remain unclear.

1.6.2 NPC apoptosis
Cancer cells undergo aberrant apoptosis which results in unstoppable proliferations. In NPC cells,
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three antiapoptotic factors were found to be up-regulated: bcl-2, survivin and telomerase. In the
EBV infected epithelial NPC cells, bcl2 is up-regulated independent of LMP1, since inhibition of
LMP1 does not affect bcl-2 expression [156-157]. The findings suggest the important role of bcl-2
in EBV infection during NPC management. Survivin is famous for its function for inhibiting
apoptosis by mediating with microtubules [158-160]. In NPC, sruvivin binds to cyclin-dependent
kinase 4 (cdk4) and replaces inhibitory protein p21 and p16. In such arrangement ckd4 can
trigger the transcription of S phase proteins [161]. NPC patients with low concentration of
survivin have less chance to occur malignancy [162]. Thus up-regulated survivin expression was
an important element resulting in aberrant apoptosis. In NPC cells, high activity of telomerase
was also detected. One of the most important factors associated with telomerase is termed
hTERT, which was inhibited by EBV coded LMP2A and decreased telomerase activity, though the
detail inhibition was still unclear. In addition, PI3 kinases (PI3K), a family of kinases involved in
many cellular activities was activated as a consequence of interacting with LMP1, inactivated
phosphatase and tensin homolog [163]. And MAP kinase JNK and ERK that regulate gene
expressions are up-regulated by LMP1 (108,109). What’s more, epidermal growth factor receptor
(EGFR) is acting more as a transcriptional factor than merely as a signal for proliferations
[164-165].

1.6.3 Changes of tumor suppressors in EBV infected NPC
Several tumor suppressors were lost and malfunctioned in NPC cell. P53 is an important tumor
suppressor responsible for cell cycle arrest. In head and neck cancers, p53 was down-regulated
due to mutations [166]. On contrary, p53 is up-regulated in NPC cells correlated with increased
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LMP1 expression [167-168]. And these up-regulated p53 are majorly wild-type, since mutations
were rarely detected [157]. It is also possible that the increase d p53 was the result from
responding to EBV infection. But the mechanism within was still unclear. In cancer disease,
anther tumor suppressor named p16 is also important to suppress tumor generation [169]. In
NPC cells, p16 was decreased caused by gene hypermethylation and activation of DNA
methyltransferase caused by LMP1-induced c-Jun/JunB heterodimer was also a possible reason
[170]. And LMP1 was also detected for deactivating p16 by inducing the accumulation of E2F4/5
and Ets2 required for p16 normal activity. P27 is a cyclin-dependent kinase inhibitor responsible
for inhibiting cell progression [171]. Low level of p27 in NPC cells indicated that most of the p27
were phosphorylated. Therefore progression can proceed and develop into tumors. The
dysregulation and malfunction of tumor suppressors make us understand the NPC development
more deeply, while detail mechanisms remain being explored.

1.6.4 Dysregulation of proteins in NPC cell cycles
Similar with other types of cancer cells, NPC cells have irregular cell cycles mediated by LMP1.
Regulated by p16, cyclin D1 is responsible for cell progression in G1 phase [172]. In NPC cells,
cyclin D1 can be activated by LMP1 induced intranuclear accumulation of EGFR [173], resulting in
high level of cyclin D1. The cyclin E/cdk2 complex controls cell progression into S phase and
initiation of DNA synthesis. It is also related with p27 phosphorelation and degragation.
Up-regulations of cycline E/cdk2 lead to fast entry of S phase as well as increasing chromosomal
instability [174]. C-myc regulates G1/S phase proteins including p27, thus controlling the cell
proliferation and the entry of G1 phase [175]. C-myc was up-regulated in most cancers. In NPC
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cells, both up and down-regulation were discovered with different performance between
epithelial NPC and B lymphocyte cells [176-177]. The dysregulation of C-myc was also shown to
be related with LMP1. Poorly differentiated NPC contains more down-regulated c-myc while
well-differentiated NPC harbors increased c-myc. During study of chromosome condensation in
NPC, checkpoint with forkhead-associated and ring finger domains (CHFR) were found to be
up-regulated while it was decreased in most of the other cancers [178-179]. The abnormal
behavior of CHFR in NPC was related with p16, RASSF1A and CKIs, where the tumor suppressing
was inhibited [179-180].

1.6.5 Dysregulation of proteins in NPC cell adhesion
During cancer cell management, adhesion was also aberrant from the healthy cells. In NPC,
E-cadherin and matrix matalloproteinases (MMPs) are detected to be dysregulated. E-cadherin is
responsible for cell communication in normal cells and inhibiting metastasis in tumor cells.
E-cadherin was down-regulated in NPC cells resulting higher chances of metastasis. And
cytoplasmic β-catenin was down-regulated, which is cooperating with E-cadherin during cell
adhesion maintenance [181]. MMPs are collagenases (type IV) which are up-regulated in many
cancers including NPC. Because the family of MMPs is increased by LMP1, this rises up the
elevating importance of MMPs, especially MMP1, since MMP1 acts as the initiator of the
following MMPs’ actions. Other functions of MMPs were also discovered, suggesting the
interesting roles during management of NPC progression and metastasis [182-184].

1.7 VDAC1 and its role in EBV infected NPC cells
Research over the years has been recognized the importance of mitochondria due to its vast
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regulation of cellular events. Besides generating energy for cells, the mitochondrion mediates
apoptosis by controlling various signals. On the outer membrane of the mitochondria, one
protein named voltage-dependent anion-selective channel protein (VDAC) functions at the
gatekeeper for entry and exit of metabolites. VDAC proteins serve as the convergence point
mediating apoptotic signals across mitochondria. Understanding VDAC proteins was crucial for us
to study apoptosis and improve the cancer diagnosis and treatments, including NPC
management.

1.7.1 Brief introduction of VDAC protein family and VDAC1
Voltage dependent anion-selective channel proteins VDACs are a family containing 3 isoforms:
VDAC1, VDAC2 and VDAC3. The VDAC1 was the most abundant isoform and also the one that
was studies for the last two decades. It was found in HeLa cells that the concentration of VDAC1
was 10 times fold of VDAC2 and 100 times fold of VDAC3 by real-time PCR [185].From the
perspective of their size, VDAC1 was slightly smaller than VDAC2 and VDAC3 was the smallest
isoform according to their mobility in electrophoresis [186-187]. The evolution of VDACs
happened million years ago and people have traced that VDAC3 was the oldest protein, which
was 76 million years earlier before converged into VDAC1/2 [188-189]. The structure of VDAC1
and channel activity was studied, associated with its interacting proteins and molecules.

1.7.2 Channel activity of VDAC1
As a membrane proteins controlling flux of metabolites, VDAC1 conducts its function by channel
activities. The pore structure of VDAC1 allows it to transfer molecules and small proteins across
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the membrane. Several methods were employed by researchers to study the channel activity of
VDAC1. The most common method is reconstitution of the pore into the planar lipid bilayers
(PLB). The activities of the channel are recorded by detecting the ion flow across the bilayer. The
resolution of this system is high enough to study only one channel, thus providing information on
the molecular level. The conducting ability of VDAC1 was detected and indicating different stable
conformations facilitating ion transference [187, 190-191]. The ion selectivity was controlled by
the environmental voltage. A low and stable voltage makes VDAC1 open while an increasing
voltage will initiate the close state [192-193]. The sub-state with different pore conductivity and
selectivity occurs when potentials are high [194].

1.7.3 VDAC1 structures
The 3D structure of VDAC1 has been proposed in 2008 by three methods including resonance
spectrometry (NMR) and NMR combined X-ray crystallography [195-197]. Since the amino acids
of VDAC1 were very conservative in all mammalian cells, their structure share high level of
similarity [198]. The general structure of VDAC1 is a barrel composed of 19 β-strands and an
N-terminal helix folded into the pore interior. Analysis of VDAC1 shows that exterior sides were
composed of hydrophobic β-barrels while in inside consists of hydrophilic residues [199]. The
VDAC1 prefers transporting anions than cations. Several models explaining the gating property of
VDAC1 were also proposed [197, 200-202]. Different oligomerization states of VDAC1 enable it to
interaction with different proteins and ligands [203-205]. Further studies expecting to explain the
detail interaction between VDAC1 and pro-apoptotic and anti-apoptotic proteins need to be
conducted.
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1.7.4 The role of VDAC1 in cell growth and apoptosis
VDAC1’s important role in cell growth was studies by shRNA in T-Rex-293 cells. The inhibited
expression of VDAC1 leads to reduced ATP and decrease in cell growth [206]. In most apoptotic
cells, VDAC1 was found to be over expressed in response to various stimuli [207-210]. The
mechanisms of VDAC1 overexpression include increasing of mitochondrial permeability, shifting
between monomeric and oligomeric states, interaction with ANT to form and activate PTP
complex and enhancement of ROS production [205, 207, 211-212].

1.7.5 VDAC1 and cytochrome C release
Pro-apoptotic signals including cytochrome C (Cyto C), calcium and other molecules are
important to trigger apoptosis. Cytochrome C functions as the electron shuttle in the respiratory
chain located in the inner membrane of mitochondria. Several models explain the possible
mechanisms of VDAC1 release through VDAC1. One studies proposed that increase of
mitochondrial membrane permeability resulted swelling of membrane and increase of Cyto C
release [213]. The other study suggested a permeability transition pore (PTP) complex was
formed before release pro-apoptotic proteins [214-217]. Another mechanism was proposed
when detecting the role of Bax, a pro-apoptotic protein. It suggested Bax formed selective large
channels for Cyto C release [218-220]. Several other studies also reveal the possible initiation of
Cyto C release were related with Bax and Bak oligomerization, VDAC1 hetro-oligomerization,
mitochondrial apoptosis-induced channel (MAC) and ceramides [221-230].
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1.7.6 VDAC1 and calcium release
Ca2+ has been proved to involve in modulating enzymes in TCA cycle, fatty acid oxidation, amino
acid catabolism and ATPase and ANT metabolism [231]. Mitochondria also modulate
intra-mitochondrial Ca2+ release through inducing Ca2+ - dependent permeability transition pore
(PTP) [232-233]. The functions of Ca2+ impact VDAC activity through a novel mechanism during
controlling mitochondrial outer membrane permeability [234]. And the contact sites between
VDAC1 and Ca2+ was found by using azido ruthenium (AzRu), a photoreactive reagent specifically
interacting with Ca2+ binding proteins [235].

1.7.7 VDAC1 related viruses
Many viruses produce proteins that interacting with mitochondria and VDAC1 thus impacting on
apoptosis [236-240]. One example is HIV-1 which can induce mitochondrial apoptosis through
several proposed mechanisms [241]. Influenza A virus coded protein PB1-F2 also targets
mitochondria and interacts with VDAC1 [242]. Hepatitis B virus (HBV) encodes HBx proteins
interacting with VDAC1 and results in Cyto C release [203, 205, 243-244]. However, few studies
reveal the EBV’s interacting with VDAC1, which is one of the targets during our research in order
to elucidate the VDAC1’s role in NPC cells in response to EBV infection.
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Chapter 2 : ITRAQ-coupled 2-D
LC-MS/MS analysis of differentially
expressed serum proteins in
nasopharyngeal carcinoma clinical
samples: Potential in biomarker
discovery
(This part was published in Journal of Medical Imaging and Health informatics 2011; 1: 177-183)

Summary
Nasopharyngeal carcinoma (NPC) is one of the sneakiest cancers due to its vague symptoms.
Efficient and precise early diagnoses remain advanced exploration. To identify novel biomarkers
for NPC management, 30 patients’ serum were analyzed by iTRAQ-coupled 2D LC-MS/MS system.
Protein profiles in more than 25 out of 30 patients (>83%) showed similar changes. 13 proteins
were identified as potential biomarkers for their significant difference versus healthy controls.
Compared with healthy controls, Alpha-1-antitrypsin, Ig gamma-1 chain C region, Apolipoprotein
B-100, Alpha-1-acid glycoprotein 1, Inter-alpha-trypsin inhibitor heavy chain H4, Antithrombin III,
Plasma protease C1 inhibitor and haptoglobin were up-regulated for at least 39% increase in NPC
patients, while Ig gamma-2

chain C

region, Inter-alpha-trypsin heavy chain H2,

alpha-2-macroglobulin, apolipoprotein A-I and histidine-rich glycoprotein were down-regulated
for more than 20%. These proteins with significant difference in NPC patients may act as
potential biomarkers. Coupled with their physiological functions, these potential biomarkers
could contribute to provide reliable pathways and improve management during NPC diagnosis
and treatments.
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2.1 Introduction
Nasopharyngeal carcinoma (NPC) is one of the most common cancers in Southeast Asia and
Southern China. It occurs less frequently in the western world [179, 245-246]. Male patients are
more likely to develop NPC and their occurrence rate is nearly twice as high as that in female
individuals. Nasopharyngeal carcinoma starts to develop when tumor cells arise from the
epithelium of the nasopharynx. Due to the vague clinical symptoms, NPC patients are mostly
detected in the late stages of the disease with a unilateral neck mass, which is the enlarged
painless cervical lymphonodes. The difficulty of early stage diagnosis and nasopharyngeal
examination by traditional methodology make the precise and efficient diagnosis critically
important.

In NPC histology, current diagnosis is made by biopsy of the nasopharyngeal mass. Physical
examination is typically a biopsy of the lesion and optical tests require computed tomography (CT)
and magnetic resonance imaging (MRI). A valuable imaging tool for staging diagnosis of NPC is
the fused positron emission tomography/computed tomography. However, NPC is a type of
cancer hard to detect by its deep location and vague symptoms [44]. Genetic analysis reveals that
genetic defects of HLA-A2, HLA-B17 AND HLA-Bw26 double the risk of NPC by 30% [247]. On the
other hand, Epstein Barr virus (EBV) has been reported as an important etiology factor in NPC.
EBV nuclear antigen has been found in infected nasopharyngeal epithelial cells, suggesting its
relationship with tumor development. DNA diploidy and integrity of cell-free circulating RNA has
also been found to complement NPC early stage diagnosis [248]. Environmental factor is the most
unnoticed crucial element for causing NPC people with nasal infections, poor hygiene, poor
ventilation of the nasopharynx and consumption of salt-preserved foods containing high level
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N-nitroso compound [249]. However, specificity and efficiency are bottlenecks that limit the
application of DNA/RNA and environmental biomarkers. Identification of specific biomarkers by a
sensitive technology would be useful to overcome the above-described limitations.

Proteomics study has been widely used for decades to study the protein profile in cancer
diagnosis and treatment. And the “ace” of proteomics immerged as high-throughput, specific and
cost effective. Traditional strategy is based on 2D-gel electrophoresis technology coupled with
mass spectrometry (MS). This technology identifies different proteins at the same time, thus
applicable for broad disease diagnose. However, in order to quantify each protein, 2-D gel
electrophoresis is not sufficient to provide accurate information. To achieve quantification of
proteins, scientists make use of liquid chromatography (LC) combined with MS. LC-MS/MS
technology overcomes the limit of 2D gel electrophoresis and enables scientists to identify and
quantify proteins with high efficiency. Up to date, several proteins have been identified and used
as biomarkers for their significant differences in NPC patients by LC-MS/MS proteomics
technologies [250-252]. However, the numbers of biomarkers from serum were few and more
sensitive and specific candidates are needed to provide better diagnostic information for NPC
management.

In the current study, we applied a novel method - isobaric tag for relative and absolute
quantification (iTRAQ) of proteins for NPC early diagnosis. The iTRAQ labeling has been proven to
enhance the analytical accuracy and precision, and it has been successfully applied to establish
reliable protein profiles in ibuprofen treated neuron cells, atenolol treated vascular smooth
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muscle cells and HepG2 cells transfected with HBV genome [253-256]. We reported the
identification of 13 novel proteins as potential biomarkers with significant up or down regulation
in NPC patients using iTRAQ labeled 2D LC-MS/MS analysis.

2.2 Material and methods
2.2.1 Serum samples collection and patients' information
Serum samples of NPC patients and healthy controls were collected from National Cancer Centre
of Singapore with the support of Dr. Balram and his lab members. The study group consists of 30
patients with NPC and 10 healthy controls randomly distributed in Singapore. Patients were
randomly chosen from those diagnosed with NPC and their information was described (Table 2-1).
This study was approved by Clinical Trial Committee at National Cancer Centre of Singapore. The
collection of serum samples are as follows: 5ml blood sample of each patient was taken and each
of them was transferred into a sterile empty tube without any anticoagulant. The tubes standed
still for 30 minutes allowing the blood to be clotted. After that samples were centrifuged at 20℃,
1500g for 10min. Then serum was extracted quickly and frozen in -80℃ for further assay.
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Table 2-1: NPC patients' information of serum samples
Patients' information of serum samples was shown in terms of ethnicity, gender, height, weight, body
surface area (BSA), age, state of disease, sites of metastasis and performance status of the patients
standardized from Eastern Cooperative Oncology Group (ECOG).

2.2.2 Protein precipitation and labeling with iTRAQ reagents
Protein concentration of each sample was determined by 2-D Quant Kit (GE Heathcare). For each
sample, serum volume (10μl) equal to 100 microgram was precipitated by adding four volumes of
cold acetone. Mixtures were incubated at -20℃ for 2 hours. Followed by iTRAQ protocol (Applied
Biosystems), proteins in sera were dissolved, denatured and cysteine blocked. Then 20μl of
0.25μg/μl sequence grade modified tripsin (Promega) was used to digest each protein solution at
37℃ overnight before labeling with iTRAQ reagents.

Patients’ sera proteins were labeled individually with iTRAQ reagents 115, 116 and 117 and
healthy controls were labeled with iTRAQ reagent 114. After labeling, 4 labeled samples
containing 3 NPC and 1 healthy sera were mixed together into 1 fresh tube for further analysis.
Thus 10 batches of serum proteins labeled with iTRAQ reagents were prepared for 2D LC-MS/MS
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analysis. The workflow of iTRAQ labeling was summarized in figure 2-1.

Figure 2-1: Workflow of iTRAQ reagent methodology. The standard method in iTRAQ labeling for NPC
samples and controls was illustrated. The samples treated with these steps were then analyzed by
LC-MS/MS technique.

2.2.3 Online 2-D LC-MS/MS analysis
After proteins are digested into separate labeled peptides, samples are ready to go to LC
separation. In the first dimension, 5μl of the combined peptide mixture was injected onto a
strong cation exchange column (0.32 x 50mm, 5μm). A reversed phase column was employed as
second dimension and these two enrichment columns trapped the peptides. Buffer D is
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constituted of series of increasing concentration of KCl salt solution as 10, 20, 30, 40, 50, 60, 80,
100, 300, and 500 mM used to elute the retained peptides in a stepwise manner[255]. Each KCl
solution was used as a 100 min run. In the running process, some of the peptides bind to the SCX
column during the flow. Peptides passing SCX column were trapped in the ZORBAX 300SB-C18
enrichment column I (0.3x5 mm, 5μm) and washed by buffer A (5% acetonitrile, 0.1% formic acid)
at rate of 0.5 mL/min to remove the excess reagents. Two enrichment columns were alternatively
switched into the solvent path of the nano pump by a 10-port valve. The previous pathway is
considered as position 1. In the following run (100mM KCl), the 10-port switching valve switched
to position 2, A total of 5 μL of 10 mM KCl solution was injected into the SCX column to elute
retained peptides to column II which was washed isocratically using the loading buffer for 100
min at 0.5 mL/min for removing excess reagent. The column I which trapped the unbound
peptides in the first run was switched into the solvent path of the nanopump. Peptides were
eluted using the buffer B (0.1% formic acid) and the buffer C (95% acetonitrile, 0.1% formic acid)
with a nanoflow gradient starting with 5% of the buffer C and increasing up to 80% of the same
buffer C over 100 min at a flow rate of 500 nL/min. This gradient wash is to make sure most of
the peptides can be eluted out and further separation was achieve in analytical Zorbax 300SB
C-18 reversed-phase column (75 μm x 50 mm, 3.5 μm), which separate peptides according to
their hydrophobic-hydrophilic properties.

The LC was used to separate peptides and MS to identify protein by its unique m/z ratio. In the
MS detection, the HP1200 LC system (Agilent Technologies) was interfaced with a QSTAR XL
(Applied Biosystems-MDS Sciex) mass spectrometry. The ionization method was by electrospray
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ionization. Survey scans were acquired from m/z 300-1500 with up to two precursors selected for
MS/MS from m/z 100-2000 using dynamic exclusion, and the rolling collision energy was used to
promote fragmentation. Finally, detection was performed in software for every 100-mins run
coming from LC.

2.2.4 Date analysis and interpretation
The fold changes are determined by the relative concentration of a target protein in NPC patients
compared with the healthy control. The relative protein concentration is calculated by the
sum-up of peptides values which are libeled with iTRAQ. Due to unique m/z ratio, peptide
identifications were performed using ProteinPilotTM Software 2.0 packages (Applied Biosystems,
Software Revision 50816). Each MS/MS spectrum was searched within the Uniprot protein
database, and proteins were accepted if ProtScore value is more than 2.0, which gives the
confidence value of 99%. The database allowed for iTRAQ reagent labels at N-terminal residues,
internal K and Y residues, and the methylmethanethiosulfate-labeled cysteine as fixed
modification, plus one missed cleavage. The analysis for the iTRAQ experiments was performed
with ProteinPilot 2.0. The cutoff for the confidence settings was 75, and the tolerance settings for
peptide identification in ProteinPilot searches were 0.15 Da for MS and 0.1 Da for MS/MS.
ProteinPilot pooled data from all the series of runs of increasing concentration of KCL in one
experiment. All identifications were manually inspected to minimize machine-related errors.
Relative quantification of proteins in the case of iTRAQ was performed on the MS/MS scans and
was the ratio of the areas under the peaks at 114, 115, 116, and 117 Da which were the masses
of the tags that correspond to the iTRAQ reagents. The relative amount of a peptide in each
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sample was calculated by dividing the peak areas observed at 115, 116, and 117 m/z by that
observed at 114 m/z. The calculated peak area ratios were corrected for overlapping isotopic
contributions, and were used to estimate the relative abundances of a particular peptide. For
proteins with two or more qualified peptide matches, three average peak area ratios (designated
as 115/114, 116/114, and 117/114) were calculated using the peak area ratios of the peptides
originating from the same protein. To account for small differences in protein loading, these
ratios have been normalized using the overall ratios for all proteins in the sample, as
recommended by Applied Biosystems. In the study, protein quantification data with relative
expression of >1.2 or <0.8 were considered as significant difference from control.

2.2.5 Statistical analysis
We consider these proteins as potential biomarkers for further analysis under the following
criteria: Unused protein score was more than two (above 99% confidence); At least two peptides
were identified to achieve a high confidence (>99%); and Student’s t-tests were employed and
acceptable p-values for biomarkers (<0.05) fulfill the quantification requirement.

2.3 Results
2.3.1 Identification of potential serum biomarkers
According to LC-MS/MS analysis and ProteinPilot 2.0 scanning, each serum sample showed
unique protein profile. Among these proteins, 13 proteins were selected as potential biomarkers
for future NPC management based on the fact that more than 25 out of 30 patients shared a
similar protein profile. And these proteins’ relative concentration was either >1.2 or <0.8,

48

showing significant difference compared with healthy subjects. Compared with the reported data,
most of the proteins identified in our study were unique in their cellular functions.

Under the criteria mentioned, 9 proteins were identified as up-regulated biomarkers for their
relatively higher concentration (>1.2 fold) in NPC patients compared with healthy controls, while
4 proteins were identified as down-regulated biomarkers.

Both up-regulated and down-regulated biomarkers were summarized (Table 2-2) provided with
sequence coverage, average concentration changing fold, number of distinct peptides detected
and protein score.

Biomarker candidates

Signal proteins
P01009 Alpha-1-antitrypsin
P01857 Ig gamma-1 chain C region
P01859 Ig gamma-2 chain C region
P04114 Apolipoprotein B-100
P02763 Alpha-1-acid glycoprotein 1
Q14624 Inter-alpha-trypsin inhibitor
heavy chain H4
P19823 Inter-alpha-trypsin inhibitor
heavy chain H2
P01008 Antithrombin III
P05155 Plasma protease C1
inhibitor
P01023 Alpha-2-macroglobulin
Binding proteins
P00738 Haptoglobin
P02647 Apolipoprotein A-I

Sequence
coverage
(%)

Protein ratio
(NPC/control)

P value

Peptides

Protein
score

45.61
53.51
39.83
3.37
29.85
4.44

2.02
3.32
0.51
1.4
2.32
1.4

0.034
0.001
6.26E-08
0.005
3.68E-04
1.75E-04

22
20
16
10
6
3

37.04
26.76
12.11
21.8
10.2
7.42

6.413

0.76

7.00E-03

3

7.55

7.83
11.66

3.34
1.54

2.59E-04
1.62E-04

3
3

6.58
7.01

28.14

0.53

7.73E-10

27

53.11

35.22
45.75

1.39
0.57

1.20E-02
2.17E-08

12
14

21.41
25.64
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P04196

Histidine-rich
glycoprotein

10.52

0.74

7.97E-07

3

6.52

Table 2-2: Proteins identified as potential biomarker candidates

2.3.2 Signaling proteins
Most biomarkers identified as signaling proteins were discussed as follows:
- Alpha-1-antitrypsin. Also known as Alpha-1 protease inhibitor, its targets include elastase,
plasmin and thrombin. This protein was found to have an increased concentration in NPC
patients by 2.01 fold.

- Constant region of immunoglobulin (Ig). The Ig gamma-1 chain C region and Ig gamma-2 chain C
region were found to be contrastingly regulated in our study. The former was up-regulated in NPC
patients for 3.32 fold while Ig gamma-2 chain C region down-regulated to 0.51 fold.

- Apolipoprotein B-100. The function of this protein is to act as a recognition signal for the cellular
binding and internalization of LDL particles by the apoB/E receptor [257-258]. It was found to be
up-regulated by 0.4 fold in the NPC patients selected in this study.

- Alpha-1-acid glycoprotein 1. This protein appears to function in modulating the activity of the
immune system during acute-phase reactions. It was found to be up-regulated by 2.32 fold in the
NPC patients selected in this study.

- Inter-alpha-trypsin inhibitor heavy chain H4 and H2. Both proteins are signal proteins. The
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inter-alpha-trypsin inhibitor heavy chain H4 was found to be up-regulated by 1.40 fold in our
study. Significantly, our results were consistent with its reported role as an NPC biomarker [259].
On the other hand, the inter-alpha-trypsin inhibitor heavy chain H2 was found to be
down-regulated in our study.

- Antithrombin III. This protein is one of the most important serine protease inhibitor in plasma
and it was found to be up-regulated by 2.34 fold in the NPC patients selected in our study.

- Plasma protease C1 inhibitor. This protein controls the activation of C1 complex where it forms a
proteolytically inactive stoichiometric complex with C1r or C1s protease [260]. It was found to be
up-regulated by 1.54 fold in the NPC patients selected in our study.

- Alpha-2-macroglobulin. This protein is able to inhibit all four classes of proteinases by a unique
“trapping” system [261] and was found to be down-regulated (0.53 fold) in the NPC patients
selected in our study.

2.3.3 Binding proteins
Other proteins with binding activities in cellular events were found to have altered levels in the
NPC patients selected in our study and their potential roles were discussed as below:

- Haptoglobin. It has been reported that haptoglobin combines with free hemoglobin in blood
plasma, preventing loss of iron through the kidneys and preventing the kidneys from damage by
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hemoglobin [262]. It was found to be up-regulated by 1.39 fold in the NPC patients selected in
our study.

- Apolipoprotein A-I. This protein has been implicated in the reverse transport of cholesterol from
tissues to the liver for excretion by promoting cholesterol efflux from tissues and by acting as a
cofactor for the lecithin cholesterol acyltrasferase [263]. It was found to be down-regulated in the
NPC patients in our study.

- Histidine-rich glycoprotein. This protein binds heme, dyes and divalent metal ions. It also
inhibits rosette formation and interacts with heparin, thrombospondin and lysine-binding site of
plasminogen [264-265]. It was found to be down-regulated by 0.76 fold in the NPC patients
selected in our study.

2.3.4 MS/MS spectra of representative peptides
To elucidate the process of biomarker’s identification, two representative MS/MS spectra were
selected (Fig. 2-2). Firstly, the high confidence peptides were displayed in one dimension in one
spectrum. Second spectrum provided a zoom-in picture, showing different performance of iTRAQ
labeled serum samples. The NPC patients were labeled with iTRAQ reagents from 115 to 117,
while the healthy control was labeled with reagent 114. The whole protein concentrations were
calculated after summarizing all detected spectra information under provided criteria.
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Panel A

Panel B
Figure 2-2: Alpha-1-antitrypsin MS/MS spectrum of a representative peptide. Panel A was a
representative peptide’s mass spectrum of this biomarker. Each peak represented one residue by
detecting its unique m/z ratio. Figure B showed the signal intensity of iTRAQ labeled residues from
114 to 117.

2.3.5 Classification of potential biomarkers with physiological functions
Most NPC patients also suffer malfunctions in other tissues. Thus investigating the connection
between NPC and other physiological events was of relevance in assessing the value of our
identified proteins as NPC specific biomarkers.
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As reported by other investigators, alpha-1-antitrypsin is involved in other related diseases. It can
protect the lower respiratory tract against proteolytic destruction by human leukocyte elastase
(HLE) [266-267]. A deficiency of this protein has been found in chronic obstructive pulmonary
disease with high occurrence. Malfunction of alpha-1-antitripsin may decrease coagulation time
leading to bleeding diathesis [268]. Patients with NPC have relatively weak reconstruction
systems probably due to damage related to cancer cells. And the weakness is presented in blood
coagulation. Thus a high level of Alpha-1-antitrpsin may represent a low efficiency of platelets
work in blood and indirectly indicating that the patients might have potential to have NPC.

Haptoglobin has been reported to suppress amyloid formation through interacting with
prefibrillar protein species [269]. Apolipoproteins binds to lipids and serves as co-enzymes that
regulate the metabolism of lipoproteins and their uptake in tissues [270-271]. Changes of
concentration of apolipoproteins in plasma of NPC patients may reflect the performance of lipid
delivery system.

Similarly to haptoglobin, Alpha-1-acid glycoprotein is an acute-phase plasma alpha-globulin
glycoprotein. Thus certain diseases, infection, injury and inflammation can lead to the level
changes in an abnormal way. It has been reported that alpha-1-acid glycoprotein is involved in
infection of human immunodeficiency virus protease inhibitor clearance in HIV patients [272].
Inter-alpha-trypsin inhibitor heavy chain H4 and H2 are alpha-trypsin related inhibitor giving
sensitive response against certain disease and surgical trauma. Inter-alpha-trypsin inhibitor heavy
chain H2 also act as a carrier of hyaluronan (chief components of extra-cellular matrix) in serum
54

or as a binding protein between hyaluronan and other matrix protein, including those on cell
surfaces in tissues to regulate the localization, synthesis and degradation of hyaluronan which are
essential to cells undergoing biological processes [273].

Antithrombin-III, as the most important serine protease inhibitor in plasma, can regulate blood
coagulation and bind heparin, a tumor suppressor. Aantithrombin-III’s activity is greatly increased
when heparin exist [274]. The significant up-regulation (3.34 fold) of antithrombin-III may
indicate its high interaction with herapin during tumor growth.

Histidine-rich glycoprotein also interacts with heparin to increase its inhibitory activity as
reported. The down-regulation of Histidine-rich glycoprotein indicates that this protein might act
as an opposite way in interacting with heparin. Studying its down-regulated performance in
serum comparing with the up-regulated performance of Antithrombin-III would help us better
understand the action of heparin in NPC development. Plasma protease C1 was found to inhibit
chymotrpsin, kallikrein and FXlla which involved in blood coagulation [260]. It has been reported
that both Alpha-2-macroglobulin and Haptoglobin suppress Amyloid formation by interaction
with prefibrillar protein species [269]. And two isoforms of serum amyloid A protein were
identified as useful biomarkers to monitor replapse of NPC [275]. Since alpha-2-macroglobulin
suppress Amyloid formation, which occurred as a useful biomarker in NPC, low level of
Alpha-2-macroglobulin coincide with elevated Amyloid concentration in NPC patients. And
Alpha-2-macroglobulin is hereby firstly reported as a low level NPC biomarker. Classification of
identified biomarkers with physiological functions was provided (Table. 2-3)
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Physiological functions
Blood
coagulation

Amyloid
formation

Immuno-genesis

Biomarkers

Regulation

Protein ratio
(NPC/control)

Alpha-1-antitrypsin
Antithrombin-III
Histidine-rich
glycoprotein
Plasma protease C1
inhibitor

Up-regulated
Up-regulated

2.02
3.34

Down-regulated

0.74

Up-regulated

1.54

Haptoglobin
Alpha-2-macroglobin
Apolipoprotein A-I
Inter-alpha-trypsin inhibitor
heavy chain H4

Down-regulated
Down-regulated
Down-regulated

1.39
0.53
0.57

Up-regulated

1.4

Up-regulated
Up-regulated

3.32
2.32

Down-regulated

0.51

Ig gamma-1 chain C
region
Alpha-1-acid glycoprotein
Ig gamma-2 chain C
region

Lipid-transport system

Apolipoprotein B-100
Apolipoprotein A-I

Up-regulated
Down-regulated

1.4
0.57

Hyaluronan
carrier

Inter-alpha-trypsin inhibitor
heavy chain H2

Down-regulated

0.76

Table 2-3: Classification of potential biomarkers with physiological functions

2.4 Discussions
Among the 13 biomarkers identified in our study, 3 pairs of proteins shared the similar structure
while performing opposite regulations as NPC potential biomarkers. For example, Ig gamma-1
chain C region and Ig gamma-2 chain C region both belong to immunoglobulin with similar heavy
56

chain. But Ig gamma-1 chain C region has higher concentration than control and thus noted as
high-level biomarker while Ig gamma-2 chain C region was down-regulated. The distinct
concentration of these two supposed similar biomarkers raises our interest for investigation on
their structure differences. The same occurrence appeared in the other two pairs of biomarkers.
Table 2-4 shows three pairs of NPC biomarkers sharing similar structure but performing
differently.

Up-regulated NPC Biomarkers

Down-regulated NPC Biomarkers

Ig gamma-1 chain C region

Ig gamma-2 chain C region

Inter-alpha-trypsin inhibitor heavy chain H4

Inter-alpha-trypsin inhibitor heavy chain H2

Apolipoprotein B-100

Apolipoprotein A-I

Table 2-4: NPC biomarkers sharing similar structures but performing in opposite direction

Ig gamma-1 chain C region and Ig gamma-2 chain C region are proteins coded by IGHG1 and
IGHG2 gene respectively. IgG, a “flag” antibody in human body, is around 150kD composed of 2
identical heavy chain of about 50kD and 2 identical light chains of about 25kDa. They are
sub-classified from IgG1 to IgG4 in human. After blasting Ig gamma-1 chain C region and Ig
gamma-2 chain C region, these two proteins share 90% protein identity which means the 10%
structural difference leads their distinct ratio in NPC patients. It has been reported that the most
significant difference of structure lies in the hinge region of two proteins. IGHG are divided into 3
hinges: upper hinge; middle hinge and lower hinge. The structures of two intact monoclonal
antibodies IgG1 and IgG2 by X-ray diffraction analysis reveals the structures of the two proteins
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with hinge polypeptides. An IgG1, whose antigen is the drug phenobarbital, assumed a
completely different conformation when compared with an IgG2a specific for canine lymphoma
cells. In both IgGs, the Fc segment is obliquely disposed with respect to the plane of the Fabs,
making an angle of 128 degrees in the IgG2a, and 107 degrees in the IgG1. Hinge angles of the
IgG1 are notably different at 78 degrees and 123 degrees and unique as well from IgG2a values of
66 degrees and 113 degrees. Elbow angles within the IgG1 Fabs are the same at 155 degrees, but
non-identical in IgG2a where they took on values of 143 degrees and 159 degrees. The IgG2a has
an angle of 172 degrees between Fabs so that it exhibits a "distorted T" shape, whereas the angle
in the IgG1 is a much more acute 115 degrees producing a "distorted Y" [276]. The reported
conformation difference of these two proteins provides us more information to study their
functions in NPC management.

Apolipoprotein B-100 is a glycoprotein consisted by 4536 amino acid residues with a 550kDa
molecular mass. Its structure was studied and modeled by employing small angel neutron
scattering with advanced shape reconstruction algorithms [277]. It has been predicted that
apolipoprotein B-100 is composed of distinct domains connected by flexible regions. The protein
adopts a curved shape with a central cavity. When apolipoprotien B-100 is dissociated with lipid,
its structure may expand and its secondary structure is widely preserved. Apolipoprotein A-I is a
much smaller hydrophobic protein with two 11 and eight 22 residue tandem repeats. This protein
consists of exclusively amphipathic a-helices and its conformation undergoes changes when
combined with other molecules. The relationship between its structure and function has been
studied by focusing on a central a-helix pair with a particular charge distribution. It has been
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proposed that, during cholesterol desorption, the active domain would be an intermolecular
α-helix bundle constituted by two central helix pairs [278].

Both inter-alpha trypsin inhibitor H4 and H2 belong to the human blood plasma protein family.
They share the similar domains: VWFA, VWFC and VWFD named after the von Willebrand factor
(vWF). The VWFA domain has a 170-200 residues and the 3D structure is VWFA domain 1 was
exposed (PDB: IAUQ; 208 aa: Asp 498-Thr 705) by X-ray diffraction. This domain is a central
β-sheet surrounded by α-helices and its VWFA domain 1 is the key binding site for glycoprotein Ib
(GPIb). The VWFA domains also bind to collegan and herapin. Inter-alpha trypsin inhibitor H1-H4
all contain VWFA domain. VWFC domain is associated with large protein complex including the
oligomerisation of vWF. The VWFD domain is around 350 residues. It has been reported that
inter-alpha tripsin H2 are bound through glycosaminoglycan bridges to bikunin (which contains
two Kunitz-type protease inhibitor domains), but H4 lacks the signal sequence for bikunin
assembling. This different might provide us new clues that why this two inter-alpha trypsin
inhibitor H4 and H2 perform oppositely in NPC patients' protein profile.

In conclusion, a number of serum proteins with changes in their levels have been identified by
iTRAQ-coupled LC-MS/MS analysis in NPC patients selected in our study. Further validation would
be needed to assess their potential as biomarkers for better NPC prognosis and management.
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Chapter 3 : Proteome profiling of
the Epstein-Barr virus infected
nasopharyngeal carcinoma cell
line: a potential biomarker
discovery by comparative
iTRAQ-coupled 2D LC/MS-MS
analysis
(This part was published in Journal of Proteomics. 2011; 74:567-76)

Summary
Epstein-Barr virus (EBV) has been shown to highly involve in the development of nasopharyngeal
carcinoma (NPC), a squamous-cell carcinoma with high-occurrence in Southeast Asia and
southern China. However, the underlying relationship of EBV and NPC squamous cell remains
obscure. In this study, we employ a comparative iTRAQ-coupled 2D LC-MS/MS system to analyze
the protein profile of NPC cell line upon EBV infection. Based on the proteome data and western
blot validation, 12 proteins were significantly up-regulated and associated with signal
transduction, cytoskeleton formation, metabolic pathways and DNA bindings. The interactions
among NPC and EBV proteins were further analyzed and protein networks were established.
Based on the functions of differentially expressed proteins, a metabolic pathway was proposed to
elucidate their relationship in cytoskeleton formation, cell proliferation and apoptosis. Our results
indicate a new proteome platform to analyze EBV’s role in NPC squamous cell line. And these
differentially expressed proteins may be studies as potential biomarkers for NPC diagnostics and
treatments.
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3.1 Introductions
Nasopharyngeal carcinoma (NPC) is a squamous-cell carcinoma with high-occurrence in
Southeast Asia and southern China. Male patients are inclined to have higher rate of malignancy
than that of female and man’s rate of occurrence is between 15 and 50 per 100000 [279]. The
tumor is regularly observed at the pharyngeal recess posteromedial facing the eustachian tube
opening in the nasopharynx. Because of its vague symptoms in early stage and difficulty of
physical examination, the patients are often diagnosed in late stages. The etiology of NPC
includes genetic analysis, environmental factors and virological infections. Genetic analysis
revealed that malfunction of chromosomes 3 and 9 would inactivate tumor suppressor genes
such as p14, p15 and p16 [280-283]. Mutations of genes in p53 pathways leaded to metastasis of
NPC [180, 284]. Environmental factor is the most unnoticed crucial element for causing NPC.
People with nasal infections, poor hygiene, and poor ventilation of the nasopharynx and
consumption of salt-preserved foods containing high level N-nitroso compound are more likely to
suffer from NPC [285]. In perspective of virus infection, genes from Epstein-Barr virus (EBV) were
commonly detected in most NPC cells [286].

EBV, a member of the herpesvirus family, is one of the most common viruses. More than 90% of
the world’s populations carry EBV with either a life-long silence infection or involving in certain
diseases such as Burkitt’s lymphoma, Hodgkin’s disease and Nasopharyngeal carcinoma. Viral
DNA has been consistently detected in circulating B cells and malignant epithelial cells [287]. By
studying the B-cell infection by EBV, possible routes have been proposed, showing important
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roles of EBV during its infection into B-cells [288]. However, the mechanisms of EBV infection into
squamous epithelial cell remain largely unexplored.

In order to manage NPC diagnostics and treatment, key indicators were investigated on both
molecular and cellular levels known as biomarker discoveries. Virus genes could be used as
molecular markers. EBV DNA was found in the plasma of 96% of NPC patients by real-time PCR
and advanced-stage NPC patients contain higher percentage of EBV DNA than early stage patients
[289]. And this virus gene has been proven to monitor cells’ response towards stimulus such as
radiotherapy and chemotherapy [290]. On the level of cellular proteins, “Proteomics” was
employed as an efficient strategy for discovering potential biomarkers. There have been 10 types
of biomarkers discovered in NPC patients by MALDI-TOF-MS, ESI-Q-TOF-MS and 2-DE/MS analysis
[291-293]. Most of proteomics study of NPC focus on serum protein and B-cell infection. However,
the comparative protein profile of NPC squamous cells infected with EBV is still unclear.

In this study, we employ an iTRAQ-coupled 2D LC-MS/MS analysis to detect the comparative
protein profile of NPC squamous cell line during EBV infection. Among 250 proteins detected, a
list of proteins altered their expression after infection. 12 proteins was found to be up-regulated
and involved in cytoskeleton formation, cell proliferation and apoptosis. Followed by Western
blot validation, possible pathways were proposed according to their interactions during EBV
infection. These up-regulated proteins could possibly serve as potential biomarkers to study the
NPC-EBV interactions.
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3.2 Materials and methods
3.2.1 Chemicals and reagents
Urea, CHAPS, sodium dodecyl sulfate polyacrylamide (SDS), acetone, Tris, acetonitrile (≧99%)
and TEMED were all purchased from Sigma-Aldrich, Singapore. Acrylamide, Rainbow Markers
RPN755/756, Ammonium Persulfate (AP) were purchased from Bio-Rad Laboratories, Singapore.
ITRAQTM Reagent Multi-Plex Kit was from Applied Biosystems, Singpore. Phosphate buffered
saline (PBS) and trypsin were from Invitrogen, Singapore. SuperSignal West Pico Stable Peroxide
Solution and SuperSignal West Pico Luminal/Enhancer Solution were from Research Instrument.
KD-90 X-ray Developer and KF X-ray Fixer were purchased from Konica, Japan.

3.2.2 Cells and viruses
The human nasopharyngeal carcinoma squamous epithelial cell line (ATCC: HTB-43) and The
normal epithelial cell line (ATCC: CRL-2007) were cultured at 37℃ with controlled 5% CO2 in
Eagle’s Minimum Essential Medium supplemented with 10% fetal bovine serum and 1%
anti-mycotic. The virus (ATCC: VR-1492) used was the human Epstein-Barr virus shed in the
supernate of persistently infected and transformed B95-8 cells (ATCC: CRL-1612).

3.2.3 In vitro EBV infections and immunofluorescence assay
Prior to in vitro infection with EBV, the cells were grown to confluency at 37℃ in a 6-well plate
and incubated at 4℃ for 24 hours, which increased the efficiency of infection [294]. The virus
was then recovered from liquid nitrogen stock and diluted into 9-fold volume of culture medium.
Both NPC cell line and normal epithelial cell line were treated with trypsin and seeded with EBV
solution. Mock NPC cells and normal epithelial cells treated with non-EBV solution served as
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controls. The mixture of cells and virus were then incubated at room temperature for 1 h,
centrifuged at 2000rpm for 2min and resuspended into culture medium. After 2 days of
incubation at 37℃, the infected cells were ready for immunoflurorescence assay.

In order to confirm the infection, immunoflurescence (IF) assay was employed as discribed by
Reedman and Klein [295]. We used 3 different primary antibodies against EBV early antigen (EBV
Ea-D: sc-58121, Santa Cruz), virus capsid antigen (VCA: sc-80774, Santa Cruz) and EBV nuclear
antigen (EBNA-1: sc-57719, Santa Cruz) respectively followed by secondary antibody: Alex Fluor
488 goat anti-mouse IgG (A11001 Invitrogen, Sigapore). The IF signals were examined by FITC
excitation of an Olympus 1X71 microscopy. Using the same dilution ratio of antibodies, we chose
the antibody that provided the strongest signal as our target antibody to test the infection
results.

3.2.4 Protein isolation, digestion and labeled with iTRAQ reagents
3 batches of infected cells and controls were collected. Batch Ⅰ was collected when cells grew
into confluency after virus infection verified. Batch Ⅱ was collected 48h after regrouping batch
Ⅰ confluent cells. Batch Ⅲ was collected 48h after regrouping batch Ⅱ confluent cells.

Three

batches of confluent cells were treated by trypsin and lysed with 300μl cell lysis solution
containing 8M urea, 4% (w/v) CHAPS and 0.05% SDS (w/v) on ice with regular vortex for 20min.
Then the mixture was centrifuged at 15,000×g for 1 hour at 4℃ and the supernatant was
removed. Protein was quantified by the 2-D Quant Kit (GE healthcare) and BSA was used as a
control for standard curve plotting [296]. For each sample, around 100μg protein was
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precipitated with 4 volume of cold acetone at -20℃ for 2h. After that, as described in the iTRAQ
protocol (Applied Biosystems), proteins were dissolved, denatured and cysteines blocked. Then
samples were digested with 20μl 0.25μg/μl sequence grade modified trypsin (Promega) solution
at 37℃ for 12h. The virus-free NPC sample was labeled with iTRAQ tag 114 and the infected NPC
sample was labeled with tag 115 respectively. The labeled samples were then mixed together
prior to on-line 2D LC-MS/MS analysis. Three independent experiments were applied on
extracted proteins with the same labeling sequence: Virus-free NPC: 114; Infected NPC: 115.

3.2.5 On-line 2D LC-MS/MS analysis
The analysis was performed on combination of an Agilent 1200 nanoflow LC system (Agilent
Technologies) and a 6530 Q-TOF mass spectrometer (Agilent Technologies). In the first dimension
3 µl of the combined peptide mixture was loaded onto the PolySulfoethyl A SCX column (0.3 × 50
mm, 5 µm) and was eluted stepwise by injecting salt plugs of 10 different molar concentrations of
10, 20, 30, 40, 50, 60, 80, 100, 300, and 500 mM KCl solution [255]. The sequentially eluted
peptides from the SCX column were trapped onto the enrichment HPLC chip and further eluted
with buffer A (0.1% formic acid) and buffer B (a nanoflow gradient of 5–80% acetonitrile plus 0.1%
formic acid) at a flow rate of 300 nl/min. For MS/MS analysis, survey scans were acquired from
m/z 300 to 1500 with up to two precursors selected for MS/MS from m/z 100 to 2000 using
dynamic exclusion, and the rolling collision energy was used to facilitate promoting
fragmentation.
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3.2.6 Data analysis and interpretations
We employed Spectrum Mill MS Proteomics Workbench (Agilent Technologies, Software Revision
A.03.03.084 SR4) to identify proteins and to quantify their relative abundance. Each MS/MS
spectrum was searched for species of Homo sapients in the UniProt_sprot_20100123 database.
The

searches

were

run

using

the

following

parameters:

fixed

modification

of

methylmethanethiosulfate-labeled cysteine, fixed iTRAQ modification of free amine in the amino
terminus and lysine. Other parameters such as tryptic cleavage specificity, precursor ion mass
accuracy, and fragment ion mass accuracy were built as functions of Spectrum Mill software. The
protein profile results were filtered with a protein score greater than 11 and peptides score of at
least 6, which gives a confidence value of more than 99%. Relative quantification of proteins in
the case of iTRAQ was performed on the MS/MS scans and displayed as the ratio of the areas
under the peaks at 114, 115Da, which were the masses of the tags that correspond to the iTRAQ
reagents. The relative amount of a peptide in each sample was calculated by the ratio of the peak
areas observed at 115.1 m/z over that of 114.1 m/z. A raw MS/MS data was generated including
a representative peptide information and intensity of 114. 1 m/z and 115.1 m/z shown in two
panels. Sequence coverage was calculated as a result of the number of amino acids observed
divided by the protein amino acid length. Standard deviation (std) was calculated by analyzing
protein ratios between the infected NPC cells and non-infected cells rather than peptide ratios. It
is a statistic that has been created for reporting errors in mean ratios and expressing the interval
for an estimated ratio (the estimated ratio is in the range of (mean ratio - std) to (mean ratio +
std)). The following criteria were required to consider a protein for further statistical analysis:
more than two unique peptides with high confidence (95%) had to be identified, and the-fold
differences of integral proteins had to be greater than 1.1.
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3.2.7 Western blot analysis
Once cells were grown into confluency, they were treated with trypsin and lysed by 300μl cell
lysis buffer (50 mM Tris-HCl, pH 7.4, 150mM NaCl and 1% Triton-100) , vortexed and sonicated
until the solutions became transparent. Protein inhibitor was added to prevent protein
degradation. After being boiled at 98℃ for 2min, protein samples were separated by running 12%
SDS-PAGE. Proteins were transferred onto nitrocellulose membrane (GE Hybond, USA) detected
by specific antibodies respectively with appropriate dilution raging from 1:200 to 1:10000
according to the original concentrations. Enhanced Chemiluminescence (ECL) was employed by
SuperSignal West Pico Chemiluminescent reagents and blots were exposed onto developed X-ray
films, which was scanned by Bio-Rad’s GS-800 calibrated densitometer and analyzed by Bio-Rad’s
QualityOne software. The specific antibodies used for detection were as follows: (1) Primary
antibody mouse anti-β-actin (AC-74, Sigma) in 1: 10,000 dilution; (2) Primary antibody mouse
anti-VDAC1 (sc-58649, Santa Cruz) in 1:200 dilution; (3) Primary antibody mouse anti-S-100A2
(sc-58844, Santa Cruz) in 1:200 dilution; (4) Primary antibody goat anti-Hip (sc-6158, Santa Cruz)
in 1:200 dilution; (5) Secondary antibody, HRP-conjugated anti-mouse IgG (#31430, Pierce) in
1:5000 dilution; (6) Secondary antibody, Donkey anti-goat IgG-HRP (sc-2020, Santa Cruz) in
1:5000 dilution.

3.2.8 Protein network analysis
In order to elucidate the protein-protein interactions among host and virus proteins, a
proteome-wide virus-host interaction network platform was employed to analyze the protein
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networks in EBV infected NPC cells as described by Vincent Navratil, et al[297]. A series of
databases were included during protein network analysis such as Biomolecular Interaction
Network Database (BIND), the Human Protein Reference Database (HPRD) and the Molecular
Interaction Database (MINT). Each differentially expressed protein was analyzed and integrated
into the network to elucidate the interactions among proteins of infected NPC cells and proteins
of virus. Novel proteins which were not included in the VirHostNet platform were identified to
enrich the current database and understanding towards NPC-EBV interactions. Interactions were
displayed using VirHostNet Visulisator provided by VirHostNet.

3.2.9 Statistical analysis
Data were displayed as mean ± std from 3 independent experiments. Student’s t-test was
employed to test the deviation between different batches. Values were only considered to be
statistically significant when p-values were less than 0.05.

3.3 Results and discussions
3.3.1 Confirmation of EBV infection in NPC cells by IF
After infection for 48h, infected NPC cells, mock-infected epithelial cells and virus-free NPC cells
were grown into the same density. They were fixed in 2% formaldehyde solution on glass
chambers and blocked by 0.1% BSA serum respectively. 3 primary antibodies against EBV
antigens were tested in the first place conjugated with secondary antibody. IF results (Fig. 3-1)
showed that, for infected NPC cells, anti-EBV early antigen gave strongest signals compared with
other two primary antibodies. And very weak signal (background) of mock-infected epithelial
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cells indicated normal epithelial cells cannot be infected by EBV through described protocols.
Anti-EBV early antigen was then employed to confirm the infection of NPC cells (Fig. 3-2). The
results showed that infected NPC cells provided stronger signal, indicating the virons had began
to replicate after infection for 48h. The negative signals of mock-infected epithelial cells and
virus-free normal epithelial cells indicated that infection of EBV on normal epithelial cells were
not applicable through previous methods.
Mock-infected Epithelial

Infected NPC with VCA

Infected NPC with Ea-D

Infected NPC with EBNA-1

Figure 3-1: Antibody binding ability test. We used 3 antibodies (virus capsid protein (VCA), EBV early
antigen (Ea-D) and EBV nuclear antigen (EBNA-1)) to test which antibody gives strongest signal. The
results showed EBV early antigen (Ea-D) is the best antibody for immunoflurescence assay.
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Virus-free NPC

Infected NPC with Ea-D

Virus-free epithelial

Mock-infected epithelial

Figure 3-2: EBV infection Test. We used Anti-EBV-early antigen to test infection. The first two pictures
showed that EBV was successfully infected into NPC cells. The last two pictures showed that normal
epithelial cells could not be infected by EBV through the described protocol.

3.3.2 Protein profile by iTRAQ-coupled 2D LC-MS/MS analysis
A total of 250 proteins were detected by iTRAQ-coupled 2D LC-MS/MS analysis. Identification and
quantification of proteins was performed as previously described. A representative raw MS/MS
date of Triosephosphate isomerase was shown in figure 3-3. Under mentioned criteria, 12
proteins were identified as significant changed proteins with confidence more than 99% (Table
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3-1). All differentially expressed proteins were up-regulated compared with control, showing a
higher expression level of proteins in EBV infected cells (Fig. 3-4). According to proteins’ functions
in cellular events, they were classified into 4 functions: Signal transduction, cytoskeleton
formation, metabolic enzymes and DNA binding. Most of the altered proteins participate in
cytoskeleton formation, cell proliferation and apoptosis, which will be described later.

Accession

Protein name

number

Sequence

Average

coverage

Infected/C

(%)

ontrol

Peptides

Protein

Function

score

mean±SD
P21796

VDAC1

16

4.47±1.47

4

33.91

Signal transductions

P29034

S100-A2

30

2.01±0.24

6

53.22

Signal transductions

P50502

Hip-70

7

1.36±0.09

55

17.13

Signal transductions

P62988

Ubiquitin

82

2.38±0.47

2

77.6

Signal transductions

Q56UQ5

TPT1-like protein

14

1.40±0.15

14

13.52

Signal transductions

P08195

4F2hc

8

1.80±0.49

4

36.17

Signal transductions

O95678

Keratin-75

4

1.72±0.39

3

37.76

Cytoskeleton formation

A6NNZ2

TB8

4

2.45±0.27

2

17.35

Cytoskeleton formation

P63167

Dynein light chain 1

40

1.74±0.49

2

15.1

Cytoskeleton formation

P07195

LDH-B

20

1.59±0.17

5

51.69

Metabolic enzyme

P60174

TIM

25

1.87±0.06

4

49.11

Metabolic enzyme

P09429

HMG-1

35

1.33±0.22

5

51.21

DNA binding

Table 3-1: Differentially expressed protein profile after EBV infection
Abbreviations: VDAC1: voltage-dependent anion-selective channel protein 1; Hip-70: Hsc-70
interacting protein; 4F2hc: 4F2 cell-surface antigen heavy chain; Keratin-75: Keratin, type II
cytoskeletal 75; TB8: Tubulin beta-8 chain B; LDH-B: L-lactate dehydrogenase B chain
TIM: Triosephosphate isomerase; HMG-1: High mobility group protein B1
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Figure 3-3: Triosephosphate isomerase MS/MS spectrum of a representative peptide. Panel A was a
representative peptide’s mass spectrum of this biomarker. Each peak represented one residue by
detecting its unique m/z ratio. Figure B showed the signal intensity of iTRAQ labeled residues from
114 to 115.
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A-Batch 1
Fold Changes

6

5.01

5
4

2.88

3

2.19

1.57

1.47

2

2.36

2.71
1.94

2.14

1.74 1.94

1.17

1

Control 1
Infected NPC 1

0

B-Batch 2
5.59

Fold Changes

6
5
4
3

2.31

2.11

2

1.32

1.3 1.6

1.95

2.46

1.89 1.64 1.84 1.59
Control 2

1

Infected NPC 2

0

C-Batch 3
Fold Changes
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Figure 3-4: The differential expression of proteins. Figure 3-A, B & C shows the differentially expressed
proteins of Batch Ⅰ, Ⅱ & Ⅲ respectively. Batch Ⅰ experiment was the comparison between the
infected NPC cells and non-infected cells (control) collected when cells were confluent after the
verified infection. 48h after regrouping batch Ⅰ confluent cells, batch Ⅱ cells were collected. Batch
Ⅲ cells were collected 48h after regrouping batch Ⅱ confluent cells. The two columns of each group
represent proteins from EBV infected NPC cells (right) and virus-free NPC cells as controls (left)
respectively. The protein concentrations of controls were normalized to 1. The fold changes of the
proteins between the infected cells and controls were shown. In the figure 3-D, mean values of 3
batches were shown and each arrow bar represents the standard deviation of the detected protein.

3.3.3 Validation of altered protein expression by Western blot
In order to validate the differentially expressed protein identified by iTRAQ labeled LC-MS/MS
system, protein VDAC1, S100-A2 and Hip-70 were selected for Western blot analysis (Fig. 3-5).
Equal amounts of cell lysates from EBV infected NPC cells and virus-free NPC cells were tested
with antibodies to VDAC1, S100-A2 and Hip-70 respectively. The results indicated that VDAC1,
S100-A2 and Hip-70 were all up-regulated in EBV infected cells by different extend. These data
validated the iTRAQ-coupled 2D LC-MS/MS analysis and further confirmed the up-regulation of
proteins in EBV infected cells.
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-30.8kD
-20.0kD
-41.3kD
-42.0kD
Figure 3-5: Validation of selected proteins expression by Western blot. NPC/EBV represented the EBV
infected NPC cells and the virus-free NPC cells were used as controls. β-actin was the internal control
with a size of 42.0kDa.

3.3.4 NPC-EBV protein network analysis
After employing the VirHostNet platform onto differentially expressed proteins, 7 proteins were
identified in the database including VDAC1, S100-A2, Hip-70, Dynein light chain 1, HMG-1, LDH-B
and TIM, while 5 proteins remain unclassified for protein interactions. 278 proteins (including
differentially expressed proteins in virus infected NPC cells) from Homo sapiens were identified to
have directed interactions with selected proteins and 8 (also include altered proteins) proteins
were found to involve in host-virus interactions (data not shown). Protein EBNA-LP and EBNA-1
were nuclear proteins found in EBV, which showed directed interactions with host protein LDHB
and Dynein respectively (Fig. 3-6C). A representative host-host interaction for protein VDAC1 was
shown (Fig. 3-6A&B). 73 proteins were directed interacted VDAC1 and 24 of them interact with
virus (here means all the viruses included in VirHostNet database) proteins. 21 proteins were
interacted with Hip-70. And each potential biomarker showed significant interaction graphs in
75

terms of proteins numbers and classes in both host and virus. The unidentified potential
biomarkers of infected NPC cells indicate that more interacting proteins or other molecules in
response to EBV infection remain discovering.

A

76

B

C

Figure 3-6: Target protein networks. (A&B) Two representative host-host interaction graphs: VDAC1 (A)
and Hip-70 (B) interacting proteins by VirHostNet Visualisator. ST13 is the alternative name of Hip-70.
The left applet showed sources of proteins and the right applet displayed the protein interactions.
Only direct interacted proteins were displayed. Cellular proteins were shown by blue nodes. Blue
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nodes with red edges represent host proteins directed interacted with virus proteins.
(C) Host-virus interactions of target proteins. Host proteins were noticed with blue nodes and virus
proteins were shown by red nodes. Proteins interacted with them were displayed by other colors.

3.4 Proposed metabolic pathways during EBV infection
3.4.1 Differentially expressed proteins in p53 signaling pathway
Protein p53 was considered as an important tumor suppressor in preventing cancer. Our results
support that VDAC1, HMG1 and ubiquitin were highly interacted with p53 proteins reported by
other groups. A minimum 3-fold up-regulation of VDAC1 support its interaction with p53 proteins
during metabolic stress reported by Eydelnant IA , et al [298]. VDAC1 was also proposed to
prevent apoptosis via inhibiting release of cytochrome C mediated by hexokinase I & II (HKI &
HKII) during EBV infection [299]. Up-regulation of VDAC1 indicated there may have a similar
interaction with Bax & Bak to BCL-2 during EBV infection by studying mechanisms of
p53-mediated mitochondrial membrane permeabilization [300]. HMG1 was reported as an
activator of p53 during Apoptotic Response to anti-metabolite drugs [301]. An up-regulation of
1.33 fold for HMG1 in NPC cells during EBV infection further proved its role during p53 activation.
HMG1 was also investigated for its importance in cytoskeleton formation during studying
migration of maturing dendritic cells [302], which was correlated with our data. Protein p53 was
degraded by ubiquitination thus an up-regulation of ubiquitin deactivate the p53 signaling
pathway [303]. The up-regulated ubiquitin in our results suggested similar role of ubiquitin in
NPC cells. In addition, that the inhibition of forkhead transcriptional factor (Fox01), a trigger
protein on apoptosis, was mediated by ubiquitin was confirmed by up-regulation of ubiquitin
[304]. In EBV infected NPC cells, up to 1.45-fold changes of Hip-70 indicated its inhibition towards
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Fox01 during preventing apoptosis of infected NPC cells supported by Fang Li et al when studying
smooth muscle cell proliferation and survival through ubiquitin-mediated degradation of Fox01
[305].

3.4.2 Differentially expressed proteins in NF-κB signaling pathway
Proteins NF-κB was a family of proteins that controls DNA transcription. Incorrect regulation of
NF-κB was lined to harmful stimuli such as virus infections. Yuyeon Jung et al reported that
dynein light chain LC8 could negatively regulates NF-κB through the Redox-dependent Interaction
with IκBα [306]. The up-regulation of NF-κB in EBV infected NPC cells suggested dynein may act
similarly in NPC cells. Tubulin was up-regulated for around 2.7 fold supported its correlation with
NF-kB during virus infection, which was previously studied in human breast cancer cells [307].
S100-A2, reported as a putative tumor suppressor, regulates cell migration of squamous cancer
cell lines in vitro [308]. Up-regulation of S100-A2 in infected NPC cells further approved its role in
cytoskeleton formation. Identification of S100A2 as a target of the Delta Np63 oncogenic
pathway indicated that S100A2 was a downstream mediator of DeltaNp63 [306]. Our
up-regulated results supported the correlation among S100-A2, DeltaNp63 and p53. It has been
reported that removal of translation controlled tumor protein inhibited proliferation in colon
adenocarcinoma cells [309]. The up-regulated protein level of TPT-1 like protein indicated it could
possibly also increase the cell proliferation in EBV infected NPC cells. In summary, p53 and NF-kB
signaling pathways were combined together by interconnection of differentially expressed
proteins in NPC cells by EBV infection. Accordingly, A possible metabolic pathway was proposed
(Fig. 3-7).
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Figure 3-7: A proposed NPC metabolic pathway by EBV infection. Proteins involved in p53 and NF-κB
signaling pathways were interconnected. Up-regulated proteins were shown as red and bold.
Meanings of lines and arrows were explained within the figure.

3.5 Conclusions
In summary, 12 proteins were differentially expressed in NPC cells influenced by EBV infections
and most of proteins were newly discovered to link with EBV infections. Our results suggested
that iTRAQ-coupled 2D LC-MS/MS analysis was an effective method to analyzed NPC cells by virus
infection. Protein network and pathway analysis revealed that there were deeper interactions
among NPC intracellular proteins and EBV proteins. Some altered proteins such as VDAC1,
HMGB1 and ubiquitin were found to be highly involved in p53 signaling pathway. Dynein, tubulin
and S100-A2 was interacted in NF-κB pathways. Influenced by EBV infection, all of the
80

differentially expressed proteins were found to be involved in cytoskeleton formation, cell
proliferation and apoptosis and a possible pathway was proposed based on their interactions.
Our integrated results may provide valuable information for managing NPC and EBV infection.
And these differentially expressed proteins could possibly be targeted as potential biomarkers for
NPC diagnostics and treatments.
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Chapter 4 : EBV decreases the
release of cytoplasmic Ca2+ and
increases cytochrome C in the NPC
cell line through VDAC1 regulations
(This part was accepted by Cell Biology International 2012)

Summary
Epstein-Barr virus (EBV) was considered as a major factor that causes nasopharyngeal carcinoma
(NPC). Apoptosis and pro-apoptotic signals have been studies for decades. However, few
researchers have extended the prevailing view of EBV to its impact on NPC in perspective of
apoptosis. One of the important proteins named voltage dependent anion-selective protein 1
(VDAC1) on the mitochondrial out membrane controls the pro-apoptotic signals in mammalian
cells. The impact of EBV infection towards VDAC1 and related apoptotic signals remains unclear.
In order to study the VDAC1’s role in EBV infected NPC cells, we employ siRNA inhibition to
analyze the release of Ca2+ and Cytochrome C signals, as they are important pro-apoptotic signals
in the cytoplasm. The results shows decrease of Ca2+ release and up-regulation of Cytochrome C
(Cyto C) upon EBV infection. After siRNA transfection, the dysregulation of Cyto C was neutralized,
which gives the evidence that the level of Cyto C’s release in virus infected NPC cells was as same
as that of non-infected NPC cells. This result indicates that EBV infection changes the cytoplasmic
level of Cyto C through regulating VDAC1. In summary, this study firstly reports EBV can change
the release of Ca2+ and Cyto C in the cytoplasm of NPC cells and these changes were mediated by
interacting with VDAC1.
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4.1 Introduction
Voltage-dependent anion channel proteins, also known as VDAC, are the most important proteins
in the outer membrane of the mitochondria, where lots of cellular events take places. VDAC
proteins have been proved to be involved in apoptosis as the gatekeeper of mitochondria
metabolites. In the programmed cell death, various proteins and molecules are activated and
released through mitochondria membranes. Defects of key proteins controlling apoptosis were
proved to induce cancers. VDAC proteins have three isoforms in mammalian cells. VDAC1 is the
most abundant one compared with the other two isoforms VDAC2 and VDAC3 and VDAC1 was
studied most extensively out of the three isoforms [310]. As the controller on the convergence
point on the outer membrane of mitochondria, VDAC1 has been studied for decades due to its
powerful channel activity. The most common method to study the channel activity is the
reconstitution of the VDAC1 pore into a planar lipid bilayer [311]. During the
mitochondria-mediated apoptosis, VDAC1 controls many pro-apoptotic signals such as Ca2+,
cytochrome C (Cyto C) and reactive oxygen species (ROS)[312-314]. Cyto C is located in the inner
membrane of the mitochondria and serves as an electron shuttle in the respiratory chain. Several
models were proposed to study the process of releasing Cyto C by VDAC1 [214-215, 217,
315-316] , most of which were from electrochemical perspectives. Ca2+ is an important molecule
that modulates key enzymes involved in TCA cycle, fatty acid oxidation, amino acid catabolism,
the F1 ATPase and ANT [231]. VDAC mediate Ca2+ transportation from inner membrane to outer
membrane of the mitochondria [217, 317-318]. Several models were proposed to suggest the
VDAC-Ca2+ binding site [198, 319]. The relationship among VDAC1, Cyto C and Ca2+ needs to be
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vastly explored due to the complexity of cellular events and mitochondria structure.

Nasopharyngeal carcinoma (NPC) is one of the most common types of cancers frequently
occurred in Southeast Asia and southern China [179, 245-246]. The tumor cells often arise from
the epithelium of the nasopharynx, where vague symptoms are hard to detect due to the
difficulty of physical examination in early stages. NPC is caused by mainly three factors:
Epstein-Barr virus (EBV) chronic infection, environmental stimuli and host gene defects. Because
EBV gene was found to exist in 96% of NPC patients, this virus has been taken attention due to its
significant correlation with NPC [292]. Many researchers studied the impact of EBV infection on
B-cells on the level of immunochemistry [291]. Some studies were done on the relationship of
NPC with EBV infection, where several potential biomarkers were discovered for prognosis and
possible pathways were proposed [40-41, 47]. However, the mechanism of NPC occurrence in
response to EBV infection remains unclear. Our previous study has shown that VDAC1 protein
was significantly up-regulated in EBV infected NPC cell lines iTRAQ-labeled 2D LC-MS/MS analysis
[320]. And clinical samples from NPC patients were also found to have up-regulation of VDAC1 in
the serum [321]. These evidences triggered our interest to further investigate VDAC1’s role in
NPC cells during EBV infection.

In this study, we employ siRNA to inhibit VDAC1 expression for both EBV infected and
non-infected NPC cell lines. Then we detected the changes of Ca2+ and Cyto C in the cytoplasm
before and after VDAC1 inhibition. Before siRNA transfection, comparing the EBV infected and
non-infected NPC cells, Ca2+ was found to be down-regulated in infected cells and Cyto C was
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up-regulated. After siRNA transfection, Cyto C concentration was back to the same level in both
cell lines. These finding suggests that EBV infection has a significant impact on pro-apoptotic
signals Cyto C and Ca2+. Giving evidence of changes of Cyto C in response to siRNA inhibition, we
conclude that Cyto C is up-regulated in NPC cells in response to EBV’s infection through VDAC1
mediation.

4.2 Material and methods
4.2.1 Cell culture and virus infection in vitro
The cell lines we used were human nasopharyngeal carcinoma squamous epithelial cell line (ATCC:
HTB-43) and the normal epithelial cell line (ATCC: CRL-2007). Both cells were cultured in Eagle’s
Minimum Essential Medium (EMEM) supplemented with 10% fetal bovine serum and 1%
anti-mycotic at 37℃ with controlled 5% CO2. The virus (ATCC: VR-1492) used was the human
Epstein-Bar virus shed in the supernate of persistently infected and transformed B95-8 cells
(ATCC: CRL-1612). Virus infection was employed as previous study described [320]. Cells were
stored in liquid nitrogen at -80℃ and recovered with heat shock at 37℃ prior to further harvest.

4.2.2 Blocking of VDAC1 by siRNA transfection
Two sequences of siRNA to inhibit VDAC1 expression were ordered to perform the gene
transfection (Mirus, Singapore). The TransIT-TKO® Transfection Reagent was used (Mirus,
Singapore). Cells were cultured into a 24-well plate in 0.5ml complete growth medium/well until
they reached the concentration of 3×105 per well before collection. siRNA complex was prepared
immediately before transfection. Prior to transfection, medium volume was adjusted to 0.25ml of
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the original medium. Then siRNA complex were added drop-wise to target wells and gently mixed
(25nm final concentration per well). Transfected cells and controls were cultured for 48h before
real-time RT-PCR validation.

4.2.3 RNA extraction and real-time RT-PCR
The sequence of the VDAC1 gene was obtained from NCBI nucleotide database (GI: 14250131;
GB: BC008482.1). Primers were carefully designed to produce 150-200 base pair PCR products in
order to reduce the non-specific binding of SYBR Green. Primers information was provided in
table 4-1.

Protein

Primer Sequences

Primer ID

VDAC1

Sense: 5’-ACTCACCTGAATGGGACTTT-3’

935171-1

(human)

Antisense: 5’-ATCACATCCACCTTCTCCAC-3’

935172-1

β-actin

Sense: 5’-CTTAGTTGCGTTACACCCTTTC-3’

182622-1

(human)

Antisense: 5’-ACCTTCACCGTTCCAGTTTT-3’

182623-1

st

(1 BASE)

Name

Table 4-1: Primer sequences for real-time RT-PCR. Primers were used for real-time RT-PCR using SYBR
Green. The amount of VDAC1 mRNA was calculated relative to the expression of β-actin. The primers
st

were synthesized from 1 BASE, Singapore provided with product ID.
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Total RNAs were isolated from both of the transfected cells and non-transfected cells by using the
RNeasy Mini kit (QIAGEN, USA) according to the manufacturer’s protocol. The concentration and
the quality of RNA were acquired by detecting OD260 and the absorbance ratio of OD260 and
OD280.

Real-time RT-PCR was employed to quantify the amount of VDAC1 mRNAs in the RNAi
transfected cells and controls using iScrpt One-step RT-PCR kit (Bio-Rad, USA). An IQ5 multicolor
real-time PCR detection system was used to analyze the mRNA amount after incubation under
the following thermal cycles: The first strand cDNA reverse transcription: 50℃ 10min; Reverse
transcriptase inactivation: 95℃ 5min; 40 cycles of PCR and detection: 95℃ 10s and 60℃ 30s;
The disassociation analysis was carried out by detecting fluorescence signals for 1℃ increase
each cycle from 55 to 95℃.

Amplification analysis, experimental report melting curve analysis and threshold cycle number
were obtained by IQ5 optical system software 2.0 with the formatted Microsoft Excel data
(Bio-Rad, USA). The fold changes were calculated as follows: Sample△ Ct = Ctsample – Ctβ-actin;
△ △ Ct = Sample△ Ct – Control△ Ct; The fold changes of sample/control = 2-△ △ Ct. Three
independent experiments were performed with duplicate calculations.

4.2.4 Cytoplasmic Ca2+ Assay
Calcium level in the cytoplasm of the cell was detected as one of the important pro-apoptotic
signals by using Fluo-4 NW Calcium Assay Kit (Molecular Probes, Singapore). NPC cells and virus
87

infected cells (Vir) were harvested in a 96-well plate. 50000 cells were grown in each well before
calcium assay. Three independent batches of experiment were carried out with around 50000
cells per well in 96-well plate to make sure the comparison on the same level. Reagents were
prepared within 6 hours before the test. Medium was removed from the well in order to
eliminate sources of baseline fluorescence, particularly esterase activity. After quickly and
carefully adding the 100µl loading solution into each well, the plate was incubated at 37℃ for
30min then an additional 30min at room temperature. After that, cells were ready for the assay.
Relative fluorescence was measured with excitation at 494nm and emission at 516nm.

4.2.5 Cytochrome C ELISA Test
The amount changes of Cytochrome C was detected in NPC cells, virus infected NPC cells (Vir),
VDAC1 siRNA transfected cells (NPC/T) and siRNA transfected NPC cells infected with EBV (Vir/T)
using enzyme linked immunosorbent assay (ELISA) according the protocol (Invitrogen, Singapore).
Cells cultured in a 24-well plate were grown to 3×105 per well. Then cells were treated with
trypsin and centrifuged at 2000 rpm for 2min at room temperature. Then cells were lysed in the
lysis solution on ice for 30min with vortexing at 10min intervals. After that, cells were centrifuged
at 13000rpm for 10min at 4℃ to get the required lysate.

Cytochrome C standard was serially diluted from 5ng/ml concentration and labeled as 5, 2.5, 1.25,
0.625, 0.312, 0.156 and 0.0078ng/ml Cyto C. Standard curve was obtained as figure 3. Samples
prepared for ELISA were diluted 1:8 in the standard diluents buffer. 100µl of standards, controls
and samples were incubated for 2 hours at room temperature with originally seeded primary
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antibody (Anti-Cytochrome C). After aspirating and washing 4 times, 100µl Biotin Conjugate was
added into each well and incubated for 1 hour at room temperature. After aspirating and
washing 4 times, samples were incubated with 100µl Streptavidin-HRP Working Solution for
30min. Then wells were through another 4 times of aspirating and washing before incubated with
100µl stabilized chromogen for 30min per well. Finally, each well was added 100µl stop solution
and read at 450nm. Three batches of experiment were performed independently and
Cytochrome C concentrations were calculated. Optical density of each sample was based on the
lysates of the same total cell amount.

4.2.6 Statistical Analysis
In our study student’s t-test were employed to 3 independent experiments in each section. Data
was displayed as mean ± std as calculated from different batches. Values were only considered as
significant when p-values were less than 0.05.

4.3 Results
4.3.1 siRNA Transfection Validated by Real-time RT-PCR
After VDAC1 expression was blocked using siRNA transfection. We employed real-time RT-PCR to
detect the mRNA abundance in response to siRNA transfection. Using NPC cells as the control,
the fold changes of VDAC1 mRNA were displayed in figure 4-1. The results showed that around
80% of the VDAC1 mRNA was inhibited via siRNA transfection for both NPC cells and EBV infected
NPC cells. Comparing between NPC cells (NPC) and EBV infected cells (Vir) , the amount of VDAC1
mRNA was much higher in virus infected cells, which is consistent with the results of previous
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proteomics study [320]. The total RNA was isolated and used as the template for real-time
RT-PCR. Three independent experiments were analyzed to have significant changes
(p-value<0.05). The results indicate that VDAC1 expression was successfully inhibited via siRNA
transfection in NPC cells and EBV infected NPC cells.
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1.6

Fold Changes

1.4
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NPC
1

NPC/T
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Vir

0.8

Vir/T

0.6
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0.2
0
NPC

NPC/T

Vir

Vir/T

Figure 4-1: Real-time RT-PCR validation for VDAC1 siRNA transfection.
The dark blue colume (NPC) was VDAC1 mRNA level in NPC cells used as the control. The light blue
column (NPC/T) represents VDAC1 mRNA by siRNA inhibition in NPC cells. The dark red column (Vir)
represents the VDAC1 mRNA in EBV infected NPC cells before siRNA inhibition. The light red (Vir/T)
represents the VDAC1 mRNA in EBV infected NPC cells after siRNA inhibition. The arrow bar
represents the standard deviation of VDAC1 mRNA during three independent experiments.

4.3.2 EBV infection decrease the Ca2+ release into the cytoplasm
As one of the important pro-apoptotic signals, Ca2+ abundance was tested in order to study the
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changes of Ca2+ in NPC cells in response to EBV infection. Ca2+ abundance was displayed by
relative fluorescence with excitation at 494nm and emission at 516nm. Table 4-2 showed the
optical density of the fluorescence for NPC cells, virus infected NPC cells and the control. Three
independent batches of experiments were tested. All of the batches showed that Ca2+ abundance
in the cytoplasm was decreased in response to EBV infection (Figure 4-2A and Figure 4-2B). This
result indicates that EBV can affects NPC cells in perspective of down-regulating the Ca2+ release
in the cytoplasm.

OD

Batch 1

Batch 2

Batch 3

Ave

Act Ca2+

Std

NPC

2808

2951

2861

2873

1288

72

Vir

2535

2533

2654

2574

989

69

Control

1622

1535

1597

1585

2+

Table 4-2: Optical density of the Ca fluorescence in NPC and EBV infected cells
2+

The entries in the centre of the table represent optical density (OD) of Ca fluorescence in NPC cell
line (NPC) and EBV infected NPC cell line (Vir). The control used was the complete medium without
2+

cells. The actual Ca OD was calculated as the result of sample OD minus control OD. Std represents
the standard deviation of three independent batches’ results.
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Ca2+ Assay in Response to EBV
Infection
Relative Fluorescence
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Figure 4-2A: Ca assay in response to EBV infection.
Three independent batches were tested for their Ca

2+

abundance. Relative fluorescence was

measured with excitation at 494nm emission at 516nm. For each batch, the blue column represents
2+

2+

optical density of Ca in NPC cells (NPC) on the left. The red column (middle) represents Ca optical
density in EBV infected cells (Vir). The green column on the right is the background OD as the control.
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Figure 4-2B: Ca assay in response to EBV infection: Summary.
Mean values of 3 batches were shown. Blue column (left) represents the average OD of Ca

2+

in NPC
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cells while the red column (right) represents the average OD of Ca

2+

in EBV infected NPC cells. Each

2+

arrow bar represents the standard deviation of the detected Ca abundance.

4.3.3 EBV up-regulated the Cyto C release in the cytoplasm through VDAC1
by ELISA
First, Cyto C standard curve was drawn by measuring the optical density of absorption at 450nm
with the Cyto C standard diluted from 5ng/ml to 0.0078ng/ml (Figure 4-3). Three independent
batches showed similar trends of Cyto C changes in response to virus infection and VDAC1
inhibition (Table 4-3 and figure 4-4). Before VDAC1 blocking, by comparing the Cyto C
concentration between the NPC cells and EBV infected cells, cells with virus had higher
concentration of Cyto C, which means EBV infection increase the level of Cyto C in the cytoplasm.
After VDAC1 blocking, Cyto C was down-regulated to the same level in both NPC cells and virus
infected cells, which indicates the direct control of Cyto C release by VDAC1.

OD

Batch 1

Batch 2

Batch 3

Ave

Std

Cyto C (ng/ml)

NPC

1.541

1.502

1.408

1.484

0.068

17.536

Vir

1.717

1.603

1.662

1.661

0.057

19.752

NPC/T

0.822

0.967

0.989

0.926

0.091

10.584

Vir/T

1.032

0.928

0.935

0.965

0.058

11.072

Table 4-3: Cyto C ELISA assay
The central entries are optical density (OD) of Cyto C in ELISA. The NPC represents non-infected NPC
cell line. Vir represents EBV infected NPC cell line. NPC/T represents NPC cell line whose VDAC1
expression was inhibited by siRNA. Vir/T represents EBV infected NPC cell line inhibited by VDAC1
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siRNA. Std was calculated as a result of analyzing three independent batches. The real Cyto C
concentration (the last column) was calculated from the standard curve considering sample dilution.

Cyto C Standard Curve
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Figure 4-3: Standard curve of cytochrome C.
Serial dilution of Cyto C was done as 5, 2.5, 1.25, 0.625, 0.312, 0.156 and 0.0078ng/ml. Absorption
was measured at 450nm.
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Figure 4-4: Cyto C detection by ELISA.
Figure 4-4 (A, B & C) were three batches’ results of independent experiments. In each batch, Cyto C
level was displayed by its optical density of absorption at 450nm. The cell names were abbreviated as
follows: NPC - nasopharyngeal carcinoma (NPC) epithelial cell line without virus; Vir – NPC cell line
infected with EBV; NPC/T: NPC cell line by VDAC1 siRNA inhibition; Vir/T: EBV infected NPC cell line by
VDAC1 siRNA inhibition. Figure 4 (D) was the summary of three independent batches. Each arrow bar
represents the standard deviation of three independent batches. Cyto C level was measured as optical
density of absorption at 450nm. The p-value of Cyto C's concentraion in each type of cell is as follows:
NPC: 0.0033; Vir: 0.0012; NPC/T: 0.1467; Vir/T: 0.2032.

4.4 Discussion
VDAC1’s important role has been recognized in mammalian cells due to its significance in
regulating the metabolism across the mitochondrial membrane. For nasopharyngeal carcinoma,
several groups including us proved that VDAC1 was up-regulated in cancer cells in response to
EBV infection. However, few researches were done to study the relationship of VDAC1’s functions
and EBV, though some groups revealed VDAC1’s relationship with HIV, Influenza A virus and
Hepatitis B virus [237, 241-242, 322-323]. Upon observing the Ca2+ and Cyto C changes in EBV
infected NPC cells, the new findings triggered our interest to study whether the change of
pro-apoptotic signals during EBV infection were related with the changes of VDAC1. However,
due to the complexity of cellular events, details concerning the mitochondrial involved apoptosis
and structure-based studies were not done. Ca2+ didn’t show significant difference upon siRNA
transfection, indicating the cytoplasmic Ca2+ concentration was not majorly controlled by VDAC1
(data not shown). The comprehensive pathways proving the relationship among Ca2+, Cyto C,
VDAC and EBV remains unclear.
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Several other groups have studied the silencing of VDAC1 could efficiently prevent apoptosis by
different stimuli [324-325]. It was also reported that overexpression of VDAC1 from different
species could induce programmed cell death [207-210, 326]. In our study, apoptosis didn’t
happen in EBV infected NPC cells, giving evidence that cells were still proliferating as tumor cells.
Down-regulation of Ca2+ by EBV infection indicated that EBV might prevent apoptosis by
decreasing Ca2+ release into the cytoplasm. Although more Cyto C release were found to be
related with overexpression of VDAC1, those weren’t sufficient to trigger the apoptosis in NPC
cell line without specific stimuli.

Upon siRNA inhibition, down-regulation of Ca2+ and Cyto C in both EBV infected cells and
non-infected NPC cells further indicated the signals’ interactions with VDAC1, which was
consistent with other groups’ studies in other cells lines [327]. This finding gives rise to the
potential application of pro-apoptotic signals Ca2+ and Cyto C in the prognosis of NPC.
Furthermore, the findings that Cyto C release was up-regulated in response to EBV infection was
mediated by VDAC1 indicates the significance of VDAC1 during EBV infection. These finding
provides us new information when managing the nasopharyngeal carcinoma and EBV infection.

4.5 Conclusions
Our results here reveal VDAC1’s role in regulating Ca2+ and Cytochrome C release in response to
EBV infection in the NPC cell line. During Cytoplasmic Ca2+ assay, Ca2+ was found to be
down-regulated in EBV infected cells. In EBV infected NPC cells, Cyto C released into the
cytoplasm was found to be up-regulated before siRNA inhibition. After siRNA transfection, the
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increase was neutralized and the concentration of Cyto C w in virus infected NPC cells returned to
the same level as those found in the non-infected NPC cells. The changes of Cyto C concentration
in the cytoplasm in response to EBV infection by siRNA inhibition indicates that, upon EBV
infection, Cyto C release was up-regulated in NPC cells mediated by VDAC1. Our study firstly
report the pro-apoptotic signal Ca2+ and Cyto C’s release was changed by EBV infection. And the
changes were mediated through VDAC1’s regulation. These findings extend our view of studying
the mechanisms during EBV infection in NPC cells and could contribute as novel clues when
improving the diagnosis and treatments for nasopharyngeal carcinoma.
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Chapter 5 : Conclusions and future
works
5.1 Conclusions
During detecting the protein profile of sera from NPC patients and NPC cell lines, significant
changes on the protein level demonstrate that iTRAQ-coupled 2D LC-MS/MS system is an
efficient and powerful approach to investigate nasopharyngeal carcinoma. According to the
results of both clinical and cell line samples, we have successfully built the novel protein profile
of NPC serum and identified the potential biomarkers. In addition, in order to study the impact of
Epstein-Barr virus towards NPC cell, comparative protein profile was constructed using the
iTRAQ-coupled 2D LC-MS/MS system. Affiliated with protein functions and net work analysis, a
new proteome platform was established to study the protein changes in NPC cell line in response
to EBV infection. And based on the potential biomarker candidates and their relationship, a novel
pathway was proposed in NPC cell line. The results of proteomics in NPC cell line show a
significant up-regulation of Voltage-dependent anion channel protein 1, which functional as an
important gatekeeper in the outer membrane of mitochondria and influence the apoptosis by
controlling

various

metabolites.

When

comparing

the

level

of

the

pro-apoptotic

signals-cytochrome C and Ca2+ between the NPC cells and EBV infected NPC cells, we found that
both were significantly influenced by EBV infection. According to the changes of VDAC1 in EBV
infected NPC cells, we manage to study whether EBV impact the cytochrome C and Ca2+ through
regulating VDAC1. By siRNA inhibition, the results show that the virus indeed up-regulates the
cytochrome C release through increasing VDAC1 expression, while Ca2+ is not solely controlled
99

by VDAC1, since the Ca2+ level doesn’t change much after inhibiting VDAC1. In conclusion, our
study successfully established two novel platforms of proteome profile for nasopharyngeal
carcinoma: serum NPC patients versus healthy control and NPC cell lines in response to EBV
infection. Based on protein functions, reasonable new pathways were proposed. In addition, one
biomarker candidate-VDAC1 was further studies for its role in EBV infected NPC cells. We firstly
discovered that EBV impacts NPC cells and changes Ca2+ and cytochrome C release. And the
cytochrome C release was regulated by VDAC1 in EBV infection. These new findings provide us
information to find novel potential biomarkers and understand the mechanism during
nasopharyngeal carcinoma diagnosis and treatments. The results also help us to deeply
understand the influence of Epstein-Barr virus infection towards NPC, which may improve the
management to this type of cancer.

5.1.1 Establishment of a novel protein profile from NPC patients’ sera
Facilitated by the efficient iTRAQ-coupled 2D LC-MS/MS system, we have discovered 13 proteins
as potential biomarkers, since they showed similar changes with significance in 25 out of 30
patients. Alpha-1-antitrypsin, Ig gamma-1 chain C region, Apolipoprotein B-100, Alpha-1-acid
glycoprotein 1, Inter-alpha-trypsin inhibitor heavy chain H4, Antithrombin III, Plasma protease C1
inhibitor and haptoglobin were up-regulated for at least 39% increase in NPC patients, while Ig
gamma-2 chain C region, Inter-alpha-trypsin heavy chain H2, alpha-2-macroglobulin,
apolipoprotein A-I and histidine-rich glycoprotein were down-regulated for more than 20%. The
results show that 10 candidates are signal proteins and 3 are binding proteins. Functional
analysis indicates that these changed proteins are related with blood coagulation, amyloid
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formation, immunogenesis, lipid transportation and hyaluronan carrying. Interesting phenomena
was also discovered. Three pairs of proteins shows opposite performance of regulation while
sharing similar structures. This finding may provide new clues in perspective of structure during
the study of NPC biomarkers.

5.1.2 Establishment of a novel protein profile in NPC cell lines in response
to EBV infections
We compared the protein level of the squamous NPC cell line in response to EBV infection and
established the comparative protein profile using iTRAQ-coupled 2D LC-MS/MS system.
Validated with western blot, 12 proteins were found to be significantly up-regulated in EBV
infected NPC cells compared with non-infected NPC cells. Functional analysis indicates these
changed proteins are associated with signal transduction, cytoskeleton formation, metabolic
pathways and DNA bindings. A protein network was also built by analyzing the relationship of
host and virus proteins. Dysregulated proteins are in the path of p53 signaling pathway including
VDAC1, HMGB1 and ubiquitin. Dynein, tubulin and S100-A2 are involed in NF-κB signaling
pathway. Thus a novel pathway was proposed based on their interactions. The newly discovered
protein changes in EBV infected NPC cell lines reveals useful information to find potential
biomarkers.

5.1.3 EBV decreases the release of cytoplasmic Ca2+ and up-regulates
cytochrome C in the NPC cell line through VDAC1 regulations
As a result of previous study, VDAC1 was one of the most important protein up-regulated in EBV
infected NPC cells. We investigate the impact of EBV towards pro-apoptotic signals including
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cytoplasmic Ca2+ and cytochrome C release. Upon EBV infection into NPC cells, Ca2+ was found to
be down-regulated while cytochrome C was up-regulated compared with virus-free NPC cells.
After siRNA inhibition of VDAC1, cytochrome C in virus infected cells was back to the same level
of virus-free NPC cells. This result indicates that EBV influences the cytochrome C release by
interacting with VDAC1. And cytoplasmic Ca2+ was not purely controlled by VDAC1 since siRNA
inhibition has no significant influence on Ca2+ concentration. Combined with proteomics results,
we firstly find that EBV changes pro-apoptotic singals cytochrome C and Ca2+ release in NPC cells.
And EBV infection increases cytochrome C through increasing VDAC1 protein. This finding
supports the VDAC1’s role in apoptosis and provides us deeper understanding of EBV’s impact on
nasopharyngeal carcinoma.

5.2 Future works
Based on current study, the future work succeeding the proteomics of NPC and EBV infection will
include the further exploration of potential biomarkers and their relationships with EBV, study of
individual biomarkers on the important pathways such as the NF-κB pathway as well as the
structure analysis and experiment aiming to explain the opposite performance of proteins
sharing similar structures in the clinical study of NPC.

5.2.1 Focus study of the essential proteins as potential biomarkers in
response to EBV infection
The model of study VDAC1 in EBV infected NPC cells can also apply to other proteins, especially
those key biomarkers on the important pathways. Inhibition of them by siRNA or other reagents
with similar knock-down function is very useful to study the proteins role during virus infection.
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The first step is to find which downstream molecules or proteins are controlled by certain
proteins in the process of cell growth, proliferation, apoptosis or even malignancy. Then we can
detect the signal changes upon virus infection and observe whether the signal can be changed.
Once finding significant changes of downstream signals, siRNA or other knock-down technologies
can be used to block the protein’s expression. In such a way we can determine whether the
potential biomarker change its signals upon the influence of the virus. Most of the proteins can
employ such approach to study the deep relationship among virus, proteins and downstream
signals in cancer management.

5.2.2 Mechanism study of changed proteins on the NF-κB pathway and the
p53 pathway in NPC cells in response to drug treatments
Although proteins were identified as potential biomarkers for nasopharyngeal carcinoma, the
detail map of each protein’s role is unclear. As important signaling pathways controlling cancer
cell development, the NF-κB pathway and the p53 pathway should be paid full attention. We will
block the key proteins during these pathways and determine the effects of these blocking. For
instance, we will use DHMEQ, a molecular inhibitor, to block the NF-κB pathway by combining
with NF-κB proteins. The benefits of doing this include a deeper understanding of protein
performance in the key pathways as well as specificity assurance test for potential biomarkers. If
one protein’s changes can reveal the stage of the patient specifically considering drug’s effects,
that biomarker will be highly likely to be used on clinical trials.
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5.2.3 Study of oppositely performing proteins sharing similar structures
in the serum proteomics of NPC
It was interestingly noted that 3 pairs of proteins perform in opposite direction while sharing
similar structures in the clinical study of NPC. For example, Ig gamma-1 chain C region and Ig
gamma-2 chain C region both belong to immunoglobulin with similar heavy chain. But Ig
gamma-1 chain C region has higher concentration than control and thus noted as up-regulated
biomarker while Ig gamma-2 chain C region was down-regulated. The distinct concentration of
these two supposed similar biomarkers raises our interest for investigation on their structure
differences. Some structural analysis has been done by other group to purely demonstrate their
3D structures. However, the reason leading to the described phenomena was still unknown. We
plan to modify or block the active sites of these 3 pairs of proteins by residue modification and
detect the according changes. If pairs of proteins are regulated to the same level after
modification, then we can determine what kind of molecules or proteins interact with these sites.
Those reagents interacting with them may have chance to become novel drug for curing
nasopharyngeal carcinoma.

104

References
[1] Sham JST, Wei WI, Zong YS, Choy D, Guo YQ, Luo Y, et al. DETECTION OF SUBCLINICAL
NASOPHARYNGEAL CARCINOMA BY FIBEROPTIC ENDOSCOPY AND MULTIPLE BIOPSY. Lancet.
1990;335:371-4.
[2] Dickson RI, Flores AD. NASOPHARYNGEAL CARCINOMA - AN EVALUATION OF 134 PATIENTS
TREATED BETWEEN 1971-1980. Laryngoscope. 1985;95:276-83.
[3] Buell P. EFFECT OF MIGRATION ON RISK OF NASOPHARYNGEAL CANCER AMONG CHINESE. Cancer
Research. 1974;34:1189-91.
[4] Prasad U. CELLS OF ORIGIN OF NASOPHARYNGEAL CARCINOMA - ELECTRON MICROSCOPIC STUDY.
Journal of Laryngology and Otology. 1974;88:1087-94.
[5] Gulley ML. Molecular diagnosis of Epstein-Barr virus-related diseases. Journal of Molecular
Diagnostics. 2001;3:1-10.
[6] Marks JE, Phillips JL, Menck HR. The National Cancer Data Base report on the relationship of race
and national origin to the histology of nasopharyngeal carcinoma. Cancer. 1998;83:582-8.
[7] Wittekind C, Oberschmid B. TNM classification of malignant tumors 2010. Pathologe.
2010;31:333-8.
[8] Ho JHC. EPIDEMIOLOGIC AND CLINICAL-STUDY OF NASOPHARYNGEAL CARCINOMA. International
Journal of Radiation Oncology Biology Physics. 1978;4:182-98.
[9] New AJCC Cancer Staging Manual Reflects Changes in Cancer Knowledge. Cancer. 2010;116:2-3.
[10] Sham JST, Cheung YK, Choy D, Chan FL, Leong L. CRANIAL NERVE INVOLVEMENT AND BASE OF
THE SKULL EROSION IN NASOPHARYNGEAL CARCINOMA. Cancer. 1991;68:422-6.

105

[11] Ciuleanu E, Ciuleanu TE, Popita V, Todor N, Fodor A, Ghilezan N. Prognostic value of
paranasopharyngeal extension of nasopharyngeal carcinoma (NPC). European Journal of Cancer.
1999;35:605.
[12] Teo P, Yu P, Leung SF, Kwan WH, Yu KH, Choi P, et al. Significant prognosticators after primary
radiotherapy in 903 nondisseminated nasopharyngeal carcinoma evaluated by computer tomography.
International Journal of Radiation Oncology Biology Physics. 1996;36:291-304.
[13] Lee AWM, Foo W, Law SCK, Poon YF, O SK, Tung SY, et al. Staging of nasopharyngeal carcinoma:
From Ho's to the new UICC system. International Journal of Cancer. 1999;84:179-87.
[14] Cooper JS, Cohen R, Stevens RE. A comparison of staging systems for nasopharyngeal carcinoma.
Cancer. 1998;83:213-9.
[15] Ozyar E, Yildiz F, Akyol FH, Atahan IL. Comparison of AJCC 1988 and 1997 classifications for
nasopharyngeal carcinoma. International Journal of Radiation Oncology Biology Physics.
1999;44:1079-87.
[16] Chua DTT, Sham JST, Wei WI, Ho WK, Au GKH. The predictive value of the 1997 American Joint
Committee on Cancer stage classification in determining failure patterns in nasopharyngeal carcinoma.
Cancer. 2001;92:2845-55.
[17] Chong VFH, Fan YF, Khoo YBK. Nasopharyngeal carcinoma with intracranial spread: CT and MR
characteristics. Journal of Computer Assisted Tomography. 1996;20:563-9.
[18] Dillon WP, Mills CM, Kjos B, Degroot J, Brantzawadzki M. MAGNETIC-RESONANCE IMAGING OF
THE NASOPHARYNX. Radiology. 1984;152:731-8.
[19] Olmi P, Fallai C, Colagrande S, Giannardi G. STAGING AND FOLLOW-UP OF NASOPHARYNGEAL
CARCINOMA

-

MAGNETIC-RESONANCE-IMAGING

VERSUS

COMPUTERIZED-TOMOGRAPHY.
106

International Journal of Radiation Oncology Biology Physics. 1995;32:795-800.
[20] Cheng SH, Jian JJM, Tsai SYC, Chan KY, Yen LK, Chu NM, et al. Prognostic features and treatment
outcome in locoregionally advanced nasopharyngeal carcinoma following concurrent chemotherapy
and radiotherapy. International Journal of Radiation Oncology Biology Physics. 1998;41:755-62.
[21] Sham JST, Tong CM, Choy D, Yeung DWC. ROLE OF BONE SCANNING IN DETECTION OF
SUBCLINICAL BONE METASTASIS IN NASOPHARYNGEAL CARCINOMA. Clinical Nuclear Medicine.
1991;16:27-9.
[22] Chong VFH, Fan YF. Detection of recurrent nasopharyngeal carcinoma: MR imaging versus CT.
Radiology. 1997;202:463-70.
[23] Ng SH, Chang JTC, Ko SF, Wan YL, Tang LM, Chen WC. MRI in recurrent nasopharyngeal carcinoma.
Neuroradiology. 1999;41:855-62.
[24] Yen RF, Hung RL, Pan MH, Wang YH, Huang KM, Lui LT, et al. 18-fluoro-2-deoxyglucose positron
emission tomography in detecting residual/recurrent nasopharyngeal carcinomas and comparison
with magnetic resonance imaging. Cancer. 2003;98:283-7.
[25] Mesic JB, Fletcher GH, Goepfert H. MEGAVOLTAGE IRRADIATION OF EPITHELIAL TUMORS OF THE
NASOPHARYNX. International Journal of Radiation Oncology Biology Physics. 1981;7:447-53.
[26] Hoppe RT, Goffinet DR, Bagshaw MA. CARCINOMA OF NASOPHARYNX - 18 YEARS EXPERIENCE
WITH MEGAVOLTAGE RADIATION-THERAPY. Cancer. 1976;37:2605-12.
[27] Lee AWM, Poon YF, Foo W, Law SCK, Cheung FK, Chan DKK, et al. RETROSPECTIVE ANALYSIS OF
5037 PATIENTS WITH NASOPHARYNGEAL CARCINOMA TREATED DURING 1976-1985 - OVERALL
SURVIVAL AND PATTERNS OF FAILURE. International Journal of Radiation Oncology Biology Physics.
1992;23:261-70.
107

[28]

Wang

CC.

IMPROVED

LOCAL-CONTROL

OF

NASOPHARYNGEAL

CARCINOMA

AFTER

INTRACAVITARY BRACHYTHERAPY BOOST. American Journal of Clinical Oncology-Cancer Clinical Trials.
1991;14:5-8.
[29] Waldron J, Tin MM, Keller A, Lum C, Japp B, Sellmann S, et al. Limitation of conventional two
dimensional radiation therapy planning in nasopharyngeal carcinoma. Radiotherapy and Oncology.
2003;68:153-61.
[30] Cheng JCH, Chao KSC, Low D. Comparison of intensity modulated radiation therapy (IMRT)
treatment techniques for nasopharyngeal carcinoma. International Journal of Cancer. 2001;96:126-31.
[31] Al-Sarraf M, LeBlanc M, Giri PGS, Fu KK, Cooper J, Vuong T, et al. Chemoradiotherapy versus
radiotherapy in patients with advanced nasopharyngeal cancer: Phase III randomized intergroup study
0099. Journal of Clinical Oncology. 1998;16:1310-7.
[32] Chien YC CJ, Liu MY, Yang HI, Hsu MM, Chen CJ, Yang CS:. Serologic markers of Epstein-Barr virus
infection and nasopharyngeal carcinoma in Taiwanese men. N Engl J Med. 2001;345:1877-82.
[33] Tiwawech D SP, Karalak A, Ishida T. Cytochrome P450 2A6 polymorphism in nasopharyngeal
carcinoma. Cancer Lett. 2005;241:135-41.
[34] Jiang J LZ, Su G, Jia W, Zhang R, Yu X, Zhang M, Wen J, Zeng Y. Study on genetic polymorphisms of
CYP2F1 gene in Guangdong population of China. Zhonghua Yi Xue Yi Chuan Xue Za Zhi. 2006;23:383-7.
[35] Catarino RJ BE, Coelho V, Pinto D, Sousa H, Lopes C, Medeiros R. Association of the A870G cyclin
D1 gene polymorphism with genetic susceptibility to nasopharyngeal carcinoma. Head Neck.
2006;28:603-8.
[36] BM B. Nasopharyngeal carcinoma. Orphanet J Rare Dis. 2006;1:23.
[37] L S-HW. Construction of evolutionary tree models for nasopharyngeal carcinoma using
108

comparative genomic hybridization data. Cancer Genet Cytogenet. 2006;168:105-8.
[38] Zeng ZY QJ, Xiong W, Zhou YH, Zhang WL, Li XL, Tang K, Li WF, Li GY. Expression and location of
UBAP1 protein associated with nasopharyngeal carcinoma. Zhong Nan Da Xue Xue Bao Yi Xue Ban.
2005;30:621-4.
[39] Zeng Z ZY, Zhang W, Li X, Xiong W, Liu H, Fan S, Qian J, Wang L, Li Z, Shen S, Li G. Family-based
association analysis validates chromosome 3p21 as a putative nasopharyngeal carcinoma
susceptibility locus. Genet Med. 2006;8:156-60.
[40] Chow LS LC, Chan SY, Tsao SW, To KF, Tong SF, Hung WK, Dammann R, Huang DP, Lo KW.
Identification of RASSF1A modulated genes in nasopharyngeal carcinoma. Oncogene. 2006;25:310-6.
[41] Zhang SQ PH, Song LY, Li XM, Jiang HY, Yao KT, Zhao T. Detection of KIAA1173 gene expression in
nasopharyngeal carcinoma tissues and cell lines on tissue microarray. Ai Zheng. 2005;24:1322-6.
[42] Zeng Z ZY, Xiong W, Luo X, Zhang W, Li X, Fan S, Cao L, Tang K, Wu M, Li G. Analysis of gene
expression identifies candidate molecular markers in nasopharyngeal carcinoma using microdissection
and cDNA microarray. J Cancer Res Clin Oncol. 2007;133:71-81.
[43] Wong TS KD, Sham J, Wei WI, Kwong YL, Yuen AP. Elevation of plasma osteopontin level in
patients with undifferentiated nasopharyngeal carcinoma. Eur J Surg Oncol. 2005;31:555-8.
[44] Chen YK SC, Ding HJ, Chi KH, Liang JA, Shen YY, Chen LK, Yeh CL, Liao AC, Kao CH. Clinical
usefulness of fused PET/CT compared with PET alone or CT alone in nasopharyngeal carcinoma
patients. Anticancer Res. 2006;26:1471-7.
[45] Wong BC CK, Chan AT, Leung SF, Chan LY, Chow KC, Lo YM. Reduced plasma RNA integrity in
nasopharyngeal carcinoma patients. Clin Cancer Res. 2006;12:2512-6.
[46] Sun D ZZ, Van DN, Huang G, Ernberg I, Hu L. Aberrant methylation of CDH13 gene in
109

nasopharyngeal carcinoma could serve as a potential diagnostic biomarker. Oral Oncol. 2006.
[47] Wu CC CK, Tsang NM, Chang KP, Hao SP, Tsao CH, Chang YS, Yu JS. Cancer cell-secreted proteomes
as a basis for searching potential tumour markers: nasopharyngeal carcinoma as a model. Proteomics.
2005;5:3173-82.
[48] Lee AW LS, Foo W, Poon YF, Chan DK, O SK, Tung SY, Cheung FK, Thaw M, Ho JH. Nasopharyngeal
carcinoma: local control by megavoltage irradiation. Br J Radiol. 1993;66:528-36.
[49] Sanguineti G GF, Garden AS, Tucker SL, Ang KK, Morrison WH, Peters LJ. Carcinoma of the
nasopharynx treated by radiotherapy alone: determinants of local and regional control. Int J Radiat
Oncol Biol Phys. 1997;37:985-96.
[50] Lung HL BD, Xie D, Cheung AK, Cheng Y, Kumaran MK, Miller L, Liu ET, Guan XY, Sham JS, Fang Y, Li
L, Wang N, Protopopov, AI ZE, Tsao SW, Stanbridge EJ, Lung ML. THY1 is a candidate tumour
suppressor gene with decreased expression in metastatic nasopharyngeal carcinoma. Oncogene.
2005;24:6525-32.
[51] Yau WL LH, Zabarovsky ER, Lerman MI, Sham JS, Chua DT, Tsao SW, Stanbridge EJ, Lung ML.
Functional studies of the chromosome 3p21.3 candidate tumor suppressor gene BLU/ ZMYND10 in
nasopharyngeal carcinoma. Int J Cancer. 2006;119:2821-6.
[52] Peng D RC, Yi HM, Zhou L, Yang XY, Li H, Yao KT. Genetic and epigenetic alterations of DLC-1, a
candidate tumor suppressor gene, in nasopharyngeal carcinoma. Acta Biochim Biophys Sin (Shanghai).
2006;38:349-5.
[53] Ying J SG, Hsieh WS, Gao Z, Murray P, Liao SK, Ambinder R, Tao Q. The stress-responsive gene
GADD45G is a functional tumor suppressor, with its response to environmental stresses frequently
disrupted epigenetically in multiple tumors. Clin Cancer Res. 2005;11:6442-9.
110

[54] Zhou M LH, Xu X, Zhou H, Li X, Peng C, Shen S, Xiong W, Ma J, Zeng Z, Fang S, Nie X, Yang Y, Zhou J,
Xiang J, Cao L, Peng S, Li S, Li, G. Identification of nuclear localization signal that governs nuclear
import of BRD7 and its essential roles in inhibiting cell cycle progression. J Cell Biochem.
2006;98:920-30.
[55] Cheung HW CA, Wang Q, Deng W, Hu L, Guan XY, Nicholls JM, Ling MT, Chuan Wong Y, Tsao SW,
Jin DY, Wang X. Inactivation of human MAD2B in nasopharyngeal carcinoma cells leads to
chemosensitization to DNA-damaging agents. Cancer Res. 2006;66:4357-67.
[56] Lin YC YL, Xu Z, He B, Mikami I, Thung E, Chou J, Kuchenbecker K, Kim J, Raz D, Yang CT, Chen JK,
Jablons DM. Wnt signaling activation and WIF-1 silencing in nasopharyngeal cancer cell lines. Biochem
Biophys Res Commun. 2006;341:635-40.
[57] Yang H ZR, Lee MH. 14-3-3sigma, a p53 regulator, suppresses tumor growth of nasopharyngeal
carcinoma. Mol Cancer Ther. 2006;5:253-60.
[58] Weng DS WZ, Wang S, Ding YQ. Effect of silencing epidermal growth factor receptor expression by
RNA interference on the growth of nasopharyngeal carcinoma cell 5-8F. Nan Fang Yi Ke Da Xue Xue
Bao. 2006;26:71-4.
[59] Shi W BC, Li A, Perez-Ordonez B, Ng R, Chow KY, Zhang W, Jurisica I, Lo KW, Bayley A, Kim J,
O'sullivan B, Siu L, Chen E, Liu FF. Multiple dysregulated pathways in nasopharyngeal carcinoma
revealed by gene expression profiling. Int J Cancer. 2006;119:2467-675.
[60] Perez CA DV, Marcial-Vega V, Marks JE, Simpson JR, Kucik N. Carcinoma of the nasopharynx:
factors affecting prognosis. Int J Radiat Oncol Biol Phys. 1992;23:271-80.
[61] Geara FB SG, Tucker SL, Garden AS, Ang KK, Morrison WH, Peters LJ. Carcinoma of the
nasopharynx treated by radiotherapy alone: determinants of distant metastasis and survival.
111

Radiother Oncol. 1997;43:53-61.
[62] Shi X YX, Tao D, Gong J, Hu G. Analysis of DNA ploidy, cell cycle and Ki67 antigen in
nasopharyngeal carcinoma by flow cytometry. J Huazhong Univ Sci Technolog Med Sci.
2005;25:198-201.
[63] Zhao GQ XY, Wang Q. Significance of serum vascular endothelial growth factor test before
radiotherapy in patients with nasopharyngeal carcinoma. Zhong Xi Yi Jie He Xue Bao. 2005;3:274-7.
[64] Mai HQ ZZ, Zhang CQ, Feng KT, Guo X, Mo HY, Deng MQ, Min HQ, Hong MH. Elevated plasma big
ET-1 is associated with distant failure in patients with advanced-stage nasopharyngeal carcinoma.
Cancer 2006;106:1548-53.
[65] Doustjalali SR YR, Govindasamy GK, Bustam AZ, Pillay B, Hashim OH. Patients with
nasopharyngeal carcinoma demonstrate enhanced serum and tissue ceruloplasmin expression. J Med
Invest. 2006;53:20-8.
[66] Cho WC YT, Yip C, Yip V, Thulasiraman V, Ngan RK, Yip TT, Lau WH, Au JS, Law SC, Cheng WW, Ma
VW, Lim CK. Identification of serum amyloid A protein as a potentially useful biomarker to monitor
relapse of nasopharyngeal cancer by
serum proteomic profiling. Clin Cancer Res. 2004;10:43-52.
[67] Cho WC YT, Ngan RK, Yip TT, Podust VN, Yip C, Yiu HH, Yip V, Cheng WW, Ma VW, Law SC.
ProteinChip array profiling for identification of disease- and chemotherapy-associated biomarkers of
nasopharyngeal carcinoma. Clin Chem. 2007.
[68] Tsang CW LX, Gudgeon NH, Taylor GS, Jia H, Hui EP, Chan AT, Lin CK, Rickinson AB. CD4+ T-cell
responses to Epstein-Barr virus nuclear antigen EBNA-1 in Chinese populations are highly focused on
novel C-terminal domain-derived epitopes. J Virol. 2006;80:8263-6.
112

[69] Fachiroh J PD, Hariwiyanto B, Harijadi A, Dahlia HL, Indrasari SR, Kusumo H, Zeng YS, Schouten T,
Mubarika S, Middeldorp JM. Single-assay combination of Epstein-Barr virus (EBV) EBNA-1 and viral
capsid antigen-p18-derived synthetic peptides for measuring anti-EBV immunoglobulin G (IgG) and IgA
antibody levels in sera from nasopharyngeal carcinoma patients: options for field screening. J Clin
Microbiol. 2006;44:1459-67.
[70] Wong MM LM, Cheng HM, Sam CK. Epstein-Barr virus serology in the diagnosis of nasopharyngeal
carcinoma. Asian Pac J Allergy Immunol. 2005;23:65-7.
[71] Chan KC LY. Clinical applications of plasma Epstein-Barr virus DNA analysis and protocols for the
quantitative analysis of the size of circulating Epstein-Barr virus DNA. Methods Mol Biol.
2006;336:111-21.
[72] Shao JY ZY, Li YH, Gao HY, Feng HX, Wu QL, Cui NJ, Cheng G, Hu B, Hu LF, Ernberg I, Zeng YX.
Comparison of Epstein-Barr virus DNA level in plasma, peripheral blood cell and tumor tissue in
nasopharyngeal carcinoma. Anticancer Res. 2004;24:4059-66.
[73] Jiang W LY. The dynamic study between EBV DNA with nasopharyngeal carcinoma. Lin Chuang Er
Bi Yan Hou Ke Za Zhi. 2005;19:920-2.
[74] Hou X ZL, Zhao C, Li S, Lu LX, Han F, Shao JY, Huang PY. Prognostic impact of plasma Epstein-Barr
virus DNA concentration on distant metastasis in nasopharyngeal carcinoma. Ai Zheng.
2006;25:785-92.
[75] Tan EL LL, Sam CK. Evaluation of plasma Epstein-Barr virus DNA load as a prognostic marker for
nasopharyngeal carcinoma. Singapore Med J. 2006;47:803-7.
[76] Ngan RK LW, Yip TT, Cho WC, Cheng WW, Lim CK, Wan KK, Chu E, Joab I, Grunewald V, Poon YF, Ho
JH. Remarkable application of serum EBV EBER-1 in monitoring response of nasopharyngeal cancer
113

patients to salvage chemotherapy. Ann N Y Acad Sci. 2001;945:73-9.
[77] Fan SQ MJ, Zhou J, Xiong W, Xiao BY, Zhang WL, Tan C, Li XL, Shen SR, Zhou M, Zhang QH, Ou YJ,
Zhuo HD, Fan S, Zhou YH, Li GY. Differential expression of Epstein-Barr virus-encoded RNA and several
tumor-related genes in various types of nasopharyngeal epithelial lesions and nasopharyngeal
carcinoma using tissue microarray analysis. Hum Pathol. 2006;37:593-605.
[78] Tarbouriech N RF, de Turenne-Tessier M, Ooka T, Burmeister WP. Structure of the Epstein-Barr
virus oncogene BARF1. J Mol Biol. 2006;359:667-78.
[79] Stevens SJ VS, Hariwiyanto B, Harijadi , Paramita DK, Fachiroh J, Adham M, Tan IB, Haryana SM,
Middeldorp JM. Noninvasive diagnosis of nasopharyngeal carcinoma: nasopharyngeal brushings
reveal high Epstein-Barr virus DNA load and carcinoma-specific viral BARF1 mRNA. Int J Cancer.
2006;119:608-14.
[80] Lo AK LK, Tsao SW, Wong HL, Hui JW, To KF, Hayward DS, Chui YL, Lau YL, Takada K, Huang DP.
Epstein-Barr virus infection alters cellular signal cascades in human nasopharyngeal epithelial cells.
Neoplasia. 2006;8:173-80.
[81] Sengupta S dBJ, Chen IH, Newton MA, Dahl DB, Chen M, Cheng YJ, Westra WH, Chen CJ,
Hildesheim A, Sugden B, Ahlquist P. Genome-wide expression profiling reveals EBV-associated
inhibition of MHC class I expression in nasopharyngeal carcinoma. Cancer Res. 2006;66:7999-8006.
[82] Du CW WB, Li DR, Lin YC, Zheng YW, Chen L, Chen JY, Lin W, Wu MY. Latent membrane protein-1
of Epstein-Barr virus increases sensitivity to arsenic trioxide-induced apoptosis in nasopharyngeal
carcinoma cell. Exp Oncol. 2005;27:267-72.
[83] Du C WB, Li D, Lin Y, Zheng Y, Peng X, Hong C, Chen J, Lin W, Hong X, Xie L, Wu M. Downregulation
of Epstein-Barr virusencoded latent membrane protein-1 by arsenic trioxide in nasopharyngeal
114

carcinoma cells. Tumori. 2006;92:140-8.
[84] Du CW WB, Li DR, Peng X, Hong CQ, Chen JY, Lin ZZ, Hong X, Lin YC, Xie LX, Wu MY, Zhang H.
Arsenic trioxide reduces the invasive and metastatic properties of nasopharyngeal carcinoma cells in
vitro. Braz J Med Biol Res. 2006;39:677-85.
[85] Hao SP TN, Chang KP, Ueng SH. Molecular diagnosis of nasopharyngeal carcinoma: detecting
LMP-1 and EBNA by nasopharyngeal swab. Otolaryngol Head Neck Surg. 2004;131:651-4.
[86] Li X LX, Li CY, Ding Y, Chau D, Li G, Kung HF, Lin MC, Peng Y. Recombinant adeno-associated virus
mediated RNA interference inhibits metastasis of nasopharyngeal cancer cells in vivo and in vitro by
suppression of Epstein-Barr virus encoded LMP-1. Int J Oncol. 2006;29:595-603.
[87] Yuan J, Cahir-McFarland E, Zhao B, Kieff E. Virus and cell RNAs expressed during Epstein-Barr virus
replication. Journal of Virology. 2006;80:2548-65.
[88] Chapman ALN, Rickinson AB, Thomas WA, Jarrett RF, Crocker J, Lee SP. Epstein-Barr virus-specific
cytotoxic T lymphocyte responses in the blood and tumor site of Hodgkin's disease patients:
Implications for a T-cell-based therapy. Cancer Research. 2001;61:6219-26.
[89] Harris RS, Croom-Carter DSG, Rickinson AB, Neuberger MS. Epstein-Barr virus and the somatic
hypermutation of immunoglobulin genes in Burkitt's lymphoma cells. Journal of Virology.
2001;75:10488-92.
[90] Maeda E, Akahane M, Kiryu S, Kato N, Yoshikawa T, Hayashi N, et al. Spectrum of Epstein-Barr
virus-related diseases: a pictorial review. Japanese Journal of Radiology. 2009;27:4-19.
[91] James JA, Kaufman KM, Farris AD, Taylor-Albert E, Lehman TJA, Harley JB. An increased
prevalence of Epstein-Barr virus infection in young patients suggests a possible etiology for systemic
lupus erythematosus. Journal of Clinical Investigation. 1997;100:3019-26.
115

[92] Toussirot E, Roudier J. Epstein-Barr virus in autoimmune diseases. Best Practice & Research in
Clinical Rheumatology. 2008;22:883-96.
[93] Ascherio A, Munch M. Epstein-Barr virus and multiple sclerosis. Epidemiology. 2000;11:220-4.
[94] Lockey TD, Zhan XY, Surman S, Sample CE, Hurwitz JL. Epstein-Barr virus vaccine development: a
lytic and latent protein cocktail. Frontiers in Bioscience. 2008;13:5916-27.
[95] Hutzinger R, Feederle R, Mrazek J, Schiefermeier N, Balwierz PJ, Zavolan M, et al. Expression and
Processing of a Small Nucleolar RNA from the Epstein-Barr Virus Genome. Plos Pathogens. 2009;5.
[96] Glaser SL, Clarke CA, Gulley ML, Craig FE, DiGiuseppe JA, Dorfman RF, et al. Population-based
patterns of human immunodeficiency virus-related Hodgkin lymphoma in the greater San Francisco
Bay Area, 1988-1998. Cancer. 2003;98:300-9.
[97] Kuppers R, Rajewsky K. The origin of Hodgkin and Reed/Sternberg cells in Hodgkin's disease.
Annual Review of Immunology. 1998;16:471-93.
[98] Babcock GJ, Hochberg D, Thorley-Lawson DA. The expression pattern of Epstein-Barr virus latent
genes in vivo is dependent upon the differentiation stage of the infected B cell. Immunity.
2000;13:497-506.
[99] Epstein MA, Achong BG, Barr YM. VIRUS PARTICLES IN CULTURED LYMPHOBLASTS FROM
BURKITTS LYMPHOMA. Lancet. 1964;1:702-&.
[100] Gulley ML, Raphael M, Lutz CT, Ross DW, Raabtraub N. EPSTEIN-BARR-VIRUS INTEGRATION IN
HUMAN LYMPHOMAS AND LYMPHOID-CELL LINES. Cancer. 1992;70:185-91.
[101] Hochberg D, Middeldorp JM, Catalina M, Sullivan JL, Luzuriaga K, Thorley-Lawson DA.
Demonstration of the Burkitt's lymphoma Epstein-Barr virus phenotype in dividing latently infected
memory cells in vivo. Proc Natl Acad Sci U S A. 2004;101:239-44.
116

[102] Gregory CD, Tursz T, Edwards CF, Tetaud C, Talbot M, Caillou B, et al. IDENTIFICATION OF A
SUBSET OF NORMAL B-CELLS WITH A BURKITTS-LYMPHOMA (BL)-LIKE PHENOTYPE. Journal of
Immunology. 1987;139:313-8.
[103] Raab-Traub N. Epstein-Barr virus in the pathogenesis of NPC. Seminars in Cancer Biology.
2002;12:431-41.
[104] Wolf H, Hausen HZ, Becker V. EB VIRAL GENOMES IN EPITHELIAL NASOPHARYNGEAL
CARCINOMA CELLS. Nature-New Biology. 1973;244:245-7.
[105] Klein G, Giovanella BC, Lindahl T, Fialkow PJ, Singh S, Stehlin JS. DIRECT EVIDENCE FOR PRESENCE
OF EPSTEIN-BARR VIRUS DNA AND NUCLEAR ANTIGEN IN MALIGNANT EPITHELIAL-CELLS FROM
PATIENTS WITH POORLY DIFFERENTIATED CARCINOMA OF NASOPHARYNX. Proc Natl Acad Sci U S A.
1974;71:4737-41.
[106] Raabtraub N, Flynn K, Pearson G, Huang A, Levine P, Lanier A, et al. THE DIFFERENTIATED FORM
OF NASOPHARYNGEAL CARCINOMA CONTAINS EPSTEIN-BARR VIRUS-DNA. International Journal of
Cancer. 1987;39:25-9.
[107] Pathmanathan R, Prasad U, Chandrika G, Sadler R, Flynn K, Raabtraub N. UNDIFFERENTIATED,
NONKERATINIZING, AND SQUAMOUS-CELL CARCINOMA OF THE NASOPHARYNX - VARIANTS OF
EPSTEIN-BARR VIRUS-INFECTED NEOPLASIA. American Journal of Pathology. 1995;146:1355-67.
[108] Adams A, Lindahl T. EPSTEIN-BARR VIRUS GENOMES WITH PROPERTIES OF CIRCULAR
DNA-MOLECULES IN CARRIER CELLS. Proc Natl Acad Sci U S A. 1975;72:1477-81.
[109] Sato H, Takimoto T, Tanaka S, Tanaka J, Raabtraub N. CONCATAMERIC REPLICATION OF
EPSTEIN-BARR-VIRUS - STRUCTURE OF THE TERMINI IN VIRUS-PRODUCER AND NEWLY
TRANSFORMED-CELL LINES. Journal of Virology. 1990;64:5295-300.
117

[110] Given D, Yee D, Griem K, Kieff E. DNA OF EPSTEIN-BARR VIRUS .5. DIRECT REPEATS OF THE ENDS
OF EPSTEIN-BARR VIRUS-DNA. Journal of Virology. 1979;30:852-62.
[111] Raabtraub N, Flynn K. THE STRUCTURE OF THE TERMINI OF THE EPSTEIN-BARR-VIRUS AS A
MARKER OF CLONAL CELLULAR PROLIFERATION. Cell. 1986;47:883-9.
[112] Kripalanijoshi S, Law HY. IDENTIFICATION OF INTEGRATED EPSTEIN-BARR-VIRUS IN
NASOPHARYNGEAL CARCINOMA USING PULSE FIELD GEL-ELECTROPHORESIS. International Journal of
Cancer. 1994;56:187-92.
[113] Pathmanathan R, Prasad U, Sadler R, Flynn K, Raabtraub N. CLONAL PROLIFERATIONS OF CELLS
INFECTED WITH EPSTEIN-BARR-VIRUS IN PREINVASIVE LESIONS RELATED TO NASOPHARYNGEAL
CARCINOMA. New England Journal of Medicine. 1995;333:693-8.
[114] Wu TC, Mann RB, Epstein JI, Macmahon E, Lee WA, Charache P, et al. ABUNDANT EXPRESSION
OF EBER1 SMALL NUCLEAR-RNA IN NASOPHARYNGEAL CARCINOMA - A MORPHOLOGICALLY
DISTINCTIVE

TARGET

FOR

DETECTION

OF

EPSTEIN-BARR-VIRUS

IN

FORMALIN-FIXED

PARAFFIN-EMBEDDED CARCINOMA SPECIMENS. American Journal of Pathology. 1991;138:1461-9.
[115] Brooks L, Yao QY, Rickinson AB, Young LS. EPSTEIN-BARR-VIRUS LATENT GENE-TRANSCRIPTION IN
NASOPHARYNGEAL CARCINOMA-CELLS - COEXPRESSION OF EBNA1, LMP1, AND LMP2 TRANSCRIPTS.
Journal of Virology. 1992;66:2689-97.
[116] Sadler RH, Raabtraub N. STRUCTURAL-ANALYSES OF THE EPSTEIN-BARR-VIRUS BAMHI-A
TRANSCRIPTS. Journal of Virology. 1995;69:1132-41.
[117] Fahraeus R, Fu HL, Ernberg I, Finke J, Rowe M, Klein G, et al. EXPRESSION OF EPSTEIN-BARR
VIRUS-ENCODED PROTEINS IN NASOPHARYNGEAL CARCINOMA. International Journal of Cancer.
1988;42:329-38.
118

[118] Young LS, Dawson CW, Clark D, Rupani H, Busson P, Tursz T, et al. EPSTEIN-BARR VIRUS
GENE-EXPRESSION IN NASOPHARYNGEAL CARCINOMA. Journal of General Virology. 1988;69:1051-65.
[119] Sample J, Hummel M, Braun D, Birkenbach M, Kieff E. NUCLEOTIDE-SEQUENCES OF
MESSENGER-RNAS

ENCODING

EPSTEIN-BARR-VIRUS

NUCLEAR

PROTEINS

-

A

PROBABLE

TRANSCRIPTIONAL INITIATION SITE. Proc Natl Acad Sci U S A. 1986;83:5096-100.
[120] Sample J, Brooks L, Sample C, Young L, Rowe M, Gregory C, et al. RESTRICTED
EPSTEIN-BARR-VIRUS PROTEIN EXPRESSION IN BURKITT-LYMPHOMA IS DUE TO A DIFFERENT
EPSTEIN-BARR NUCLEAR ANTIGEN-1 TRANSCRIPTIONAL INITIATION SITE. Proc Natl Acad Sci U S A.
1991;88:6343-7.
[121] Smith PR, Griffin BE. TRANSCRIPTION OF THE EPSTEIN-BARR-VIRUS GENE EBNA-1 FROM
DIFFERENT PROMOTERS IN NASOPHARYNGEAL CARCINOMA AND B-LYMPHOBLASTOID CELLS. Journal
of Virology. 1992;66:706-14.
[122] Gilligan K, Rajadurai P, Resnick L, Raabtraub N. EPSTEIN-BARR-VIRUS SMALL NUCLEAR RNAS ARE
NOT EXPRESSED IN PERMISSIVELY INFECTED-CELLS IN AIDS-ASSOCIATED LEUKOPLAKIA. Proc Natl Acad
Sci U S A. 1990;87:8790-4.
[123] Gilligan K, Sato H, Rajadurai P, Busson P, Young L, Rickinson A, et al. NOVEL TRANSCRIPTION
FROM THE EPSTEIN-BARR-VIRUS TERMINAL ECORI FRAGMENT, DIJHET, IN A NASOPHARYNGEAL
CARCINOMA. Journal of Virology. 1990;64:4948-56.
[124] Chen HL, Lee JM, Zong YS, Borowitz M, Ng MH, Ambinder RF, et al. Linkage between STAT
regulation and Epstein-Barr virus gene expression in tumors. Journal of Virology. 2001;75:2929-37.
[125] Gilligan KJ, Rajadurai P, Lin JC, Busson P, Abdelhamid M, Prasad U, et al. EXPRESSION OF THE
EPSTEIN-BARR-VIRUS BAMHI-A FRAGMENT IN NASOPHARYNGEAL CARCINOMA - EVIDENCE FOR A
119

VIRAL PROTEIN EXPRESSED INVIVO. Journal of Virology. 1991;65:6252-9.
[126] Miller WE, Edwards RH, Walling DM, Raabtraub N. SEQUENCE VARIATION IN THE
EPSTEIN-BARR-VIRUS LATENT MEMBRANE-PROTEIN-1 (VOL 75, PG 2729, 1994). Journal of General
Virology. 1995;76:1305-6.
[127] Miller WE, Cheshire JL, Baldwin AS, Raab-Traub N. The NPC derived C15 LMP1 protein confers
enhanced activation of NF-kappa B and induction of the EGFR in epithelial cells. Oncogene.
1998;16:1869-77.
[128] Johnson RJ, Stack M, Hazlewood SA, Jones M, Blackmore CG, Hu LF, et al. The 30-base-pair
deletion in Chinese variants of the Epstein-Barr virus LMP1 gene is not the major effector of functional
differences between variant LMP1 genes in human lymphocytes. Journal of Virology.
1998;72:4038-48.
[129] Patterson SD. Data analysis - The Achilles heel of proteomics. Nat Biotechnol. 2003;21:221-2.
[130] B. H. Advances in protein solubilisation for two-dimensional electrophoresis. Electrophoresis.
1999;20:660-3.
[131] T. R. Solubilization of proteins for electrophoretic analyses. Electrophoresis. 1996;17:813-29.
[132] Gorg A WW, Dunn MJ. Current two-dimensional electrophoresis technology for proteomics.
Proteomics. 2004;12:3665-85.
[133] Aebersold R MM. Mass-spectrometry-based proteomics. Nature. 2003;422:198-207.
[134] Mann M HR, Pandey A. Analysis of proteins and proteomes by mass spectrometry. Annu Rev
Biochem. 2001;70:437-73.
[135] Merchant M WS. Recent advancements in surfaceenhanced laser desorption/ionization time of
flight-mass spectrometry. Electrophoresis. 2000;21:1164-77.
120

[136] Bishopm ML D-EJ, Fody EP. Clinical chemistry: principles, procedures, correlations. 4th ed:
Lippincott Williams & Wilkins;; 2000.
[137] Anderson NL AN. The human plasma proteome: history, character, and diagnostic prospects. Mol
Cell Proteomics. 2002;1:845-67.
[138] Lathrop JT AN, Anderson NG, Hammond DJ. Therapeutic potential of the plasma proteome. Curr
Opin Mol Ther. 2003;5:250-7.
[139] Colantonio DA DC, Bovenkamp DE, Van Eyk JE,. Effective removal of albumin from serum.
Proteomics. 2005;5:3831-5.
[140] Rai AJ ZZ, Rosenzweig J, Shih IeM, Pham T, Fung ET, Sokoll LJ, Chan DW. Proteomic approaches to
tumor marker discovery. Arch Pathol Lab Med. 2002;126:1518-26.
[141] Zhang Z BJR, Yu Y, Li J, Sokoll LJ, Rai AJ, et al. Three biomarkers identified from serum proteomic
analysis for the detection of early stage ovarian cancer. Cancer Res. 2004;64:5882-90.
[142] Marshall J KP, Zhu W, Yantha J, Vrees T, Furesz S, et al. Processing of serum proteins underlies the
mass spectral fingerprinting of myocardial infarction. J Proteome Res. 2003;2:361-72.
[143] CG. F. Biological variation: from principles to practice.: AACC; 2001.
[144] Li F, Xiao, Z., Zhang, P., Li, J., Li,M., Feng, X.,Guan,Y. and Chen, Z. A reference map of human
nasopharyngeal squamous carcinoma proteome. Int J Oncol. 2007;30:1077-88.
[145] Li F, Li, M., Xiao, Z., Zhang, P., Li, J. and Chen, Z. Construction of a nasopharyngeal carcinoma
2D/MS repository with Open Source XML database – Xindice. BMC Bioinformatics. 2006;7:13.
[146] F. Li YGaZC. Visions & Reflections (Minireview) Proteomics in nasopharyngeal carcinoma. Cell
Mol Life Sci. 2008;65:1007-12.
[147] Sun Y, Yi, H., Zhang, P. F., Li, M. Y., Li, C., Li, F., Peng, F., Feng, X. P., Yang, Y. X., Yang, F., Xiao, Z. Q.
121

and Chen, Z. C. Identification of differential proteins in nasopharyngeal carcinoma cells with p53
silence by proteome analysis. FEBS Lett. 2007;581:3260-7.
[148] Jiang P, Gan, M., Huang, H., Shen, X., Wang, S. and Yao, K. Proteome analysis of antiproliferative
mechanism of 12-O-tetradecanoylphorbol 13-acetate on cultured nasopharyngeal carcinoma CNE2
cells. J Proteome Res. 2005;4:599-605.
[149] Sung FL, Pang, R. T., Ma, B. B., Lee, M. M., Chow, S. M., Poon, T. C. and Chan, A. T.
Pharmacoproteomics study of cetuximab in nasopharyngeal carcinoma. J Proteome Res.
2006;5:3260-7.
[150] Li CP, Huang, J. H., Chang, A. C., Hung, Y. M., Lin, C. H., Chao, Y., Lee, S. D., Whang-Peng, J. and
Huang,

T.

S.

A

G-quadruplex

ligand

3,3

-diethyloxadicarbocyanine

iodide

induces

mitochondrion-mediated apoptosis but not decrease of telomerase activity in nasopharyngeal
carcinoma NPCTW01 cells. Pharm Res. 2004;21:93-100.
[151] Lo AKF, Liu Y, Wang XH, Huang DP, Yuen PW, Wong YC, et al. Alterations of biologic properties
and gene expression in nasopharyngeal epithelial cells by the Epstein-Barr virus-encoded latent
membrane protein 1. Laboratory Investigation. 2003;83:697-709.
[152] Everly DN, Kusano S, Raab-Traub N. Accumulation of cytoplasmic beta-catenin and nuclear
glycogen synthase kinase 3 beta in Epstein-Barr virus-infected cells. Journal of Virology.
2004;78:11648-55.
[153] Morrison JA, Gulley ML, Pathmanathan R, Raab-Traub N. Differential signaling pathways are
activated in the Epstein-Barr virus-associated malignancies nasopharyngeal carcinoma and Hodgkin
lymphoma. Cancer Research. 2004;64:5251-60.
[154] Mainou BA, Everly DN, Raab-Traub N. Epstein-Barr virus latent membrane protein 1 CTAR1
122

mediates rodent and human fibroblast transformation through activation of PI3K. Oncogene.
2005;24:6917-24.
[155] Stewart S, Dawson CW, Takada K, Curnow J, Moody CA, Sixbey JW, et al. Epstein-Barr
virus-encoded LMP2A regulates viral and cellular gene expression by modulation of the NF-kappa B
transcription factor pathway. Proc Natl Acad Sci U S A. 2004;101:15730-5.
[156] Yang HJ, Cho YJ, Kim HS, Chang MS, Sung MW, Kim WH. Association of p53 and bcl-2 expression
with Epstein-Barr virus infection in the cancers of head and neck. Head and Neck-Journal for the
Sciences and Specialties of the Head and Neck. 2001;23:629-36.
[157] Sheu LF, Chen A, Lee HS, Hsu HY, Yu DS. Cooperative interactions among p53, bcl-2 and
Epstein-Barr virus latent membrane protein 1 in nasopharyngeal carcinoma cells. Pathology
International. 2004;54:475-85.
[158] Ambrosini G, Adida C, Altieri DC. A novel anti-apoptosis gene, survivin, expressed in cancer and
lymphoma. Nature Medicine. 1997;3:917-21.
[159] Li FZ, Ambrosini G, Chu EY, Plescia J, Tognin S, Marchisio PC, et al. Control of apoptosis and
mitotic spindle checkpoint by survivin. Nature. 1998;396:580-4.
[160] Tamm I, Wang Y, Sausville E, Scudiero DA, Vigna N, Oltersdorf T, et al. IAP-family protein Survivin
inhibits caspase activity and apoptosis induced by Fas (CD95), Bax, caspases, and anticancer drugs.
Cancer Research. 1998;58:5315-20.
[161] Ai MD, Li LL, Zhao XR, Wu Y, Gong JP, Cao Y. Regulation of Survivin and CDK4 by Epstein-Barr virus
encoded latent membrane protein 1 in nasopharyngeal carcinoma cell lines. Cell Research.
2005;15:777-84.
[162] Xiang YQ, Yao HR, Wang SS, Hong MH, He JH, Cao SM, et al. Prognostic value of survivin and livin
123

in nasopharyngeal carcinoma. Laryngoscope. 2006;116:126-30.
[163] Dackour R, Carter T, Steinberg BM. Phosphatidylinositol 3-kinase regulates early differentiation
in human laryngeal keratinocytes. In Vitro Cellular & Developmental Biology-Animal. 2005;41:111-7.
[164] Peng JP, Chang HC, Hwang CF, Hung WC. Overexpression of cyclooxygenase-2 in nasopharyngeal
carcinoma and association with lymph node metastasis (vol 41, pg 903, 2005). Oral Oncology.
2006;42:653-.
[165] Hsu CH, Gao M, Chen CL, Yeh PY, Cheng AL. Inhibitors of epidermoid growth factor receptor
suppress cell growth and enhance chemosensitivity of nasopharyngeal cancer cells in vitro. Oncology.
2005;68:538-47.
[166] Gasco M, Crook T. The p53 network in head and neck cancer. Oral Oncology. 2003;39:222-31.
[167] Wu HC, Lu TY, Lee JJ, Hwang JK, Lin YJ, Wang CK, et al. MDM2 expression in EBV-infected
nasopharyngeal carcinoma cells. Laboratory Investigation. 2004;84:1547-56.
[168] Burgos JS. Involvement of the Epstein-Barr virus in the nasopharyngeal carcinoma pathogenesis.
Medical Oncology. 2005;22:113-21.
[169] Merlo A, Herman JG, Mao L, Lee DJ, Gabrielson E, Burger PC, et al. 5' CPG ISLAND METHYLATION
IS ASSOCIATED WITH TRANSCRIPTIONAL SILENCING OF THE TUMOR-SUPPRESSOR P16/CDKN2/MTS1
IN HUMAN CANCERS. Nature Medicine. 1995;1:686-92.
[170] Song X, Tao YG, Deng XY, Jin X, Tan YN, Tang M, et al. Heterodimer formation between c-Jun and
Jun B proteins mediated by Epstein-Barr virus encoded latent membrane protein 1. Cellular Signalling.
2004;16:1153-62.
[171] Macri E, Loda M. Role of p27 in prostate carcinogenesis. Cancer and Metastasis Reviews.
1998;17:337-44.
124

[172] Lee MH, Yang HY. Regulators of G1 cyclin-dependent kinases and cancers. Cancer and Metastasis
Reviews. 2003;22:435-49.
[173] Tao YG, Xing S, Deng XY, Xie DX, Lee LM, Liu YP, et al. Nuclear accumulation of epidermal growth
factor receptor and acceleration of G1/S stage by Epstein-Barr-encoded oncoprotein latent membrane
protein 1. Experimental Cell Research. 2005;303:240-51.
[174] Spruck CH, Won KA, Reed SI. Deregulated cyclin E induces chromosome instability. Nature.
1999;401:297-300.
[175] Nesbit CE, Tersak JM, Prochownik EV. MYC oncogenes and human neoplastic disease. Oncogene.
1999;18:3004-16.
[176] Luo JL, Xiao JY, Tao ZD, Li XY. Detection of c-myc gene expression in nasopharyngeal carcinoma
by nonradioactive in situ hybridization and immunohistochemistry. Chinese Medical Journal.
1997;110:229-32.
[177] Porter MJ, Field JK, Leung SF, Lo D, Lee JCK, Spandidos DA, et al. THE DETECTION OF THE C-MYC
AND RAS ONCOGENES IN NASOPHARYNGEAL CARCINOMA BY IMMUNOHISTOCHEMISTRY. Acta
Oto-Laryngologica. 1994;114:105-9.
[178] Cheung HW, Ching YP, Nicholls JM, Ling MT, Wong YC, Hui N, et al. Epigenetic inactivation of
CHFR in nasopharyngeal carcinoma through promoter methylation. Molecular Carcinogenesis.
2005;43:237-45.
[179] Lo KW, Huang DP. Genetic and epigenetic changes in nasopharyngeal carcinoma. Seminars in
Cancer Biology. 2002;12:451-62.
[180] Hui ABY, Lo KW, Leung SF, Teo P, Fung MKF, To KF, et al. Detection of recurrent chromosomal
gains and losses in primary nasopharyngeal carcinoma by comparative genomic hybridisation.
125

International Journal of Cancer. 1999;82:498-503.
[181] Jou TS, Stewart DB, Stappert J, Nelson WJ, Marrs JA. GENETIC AND BIOCHEMICAL DISSECTION OF
PROTEIN LINKAGES IN THE CADHERIN-CATENIN COMPLEX. Proc Natl Acad Sci U S A. 1995;92:5067-71.
[182] Ben Nasr H, Mestiri S, Chahed K, Bouaouina N, Gabbouj S, Jalbout M, et al. Matrix
metalloproteinase-1(-1607) 1G/2G and -9(1562) C/T promoter polymorphisms: Susceptibility and
prognostic implications in nasopharyngeal carcinomas. Clinica Chimica Acta. 2007;384:57-63.
[183] Horikawa T, Yoshizaki T, Sheen TS, Lee SY, Furukawa M. Association of latent membrane protein 1
and matrix metalloproteinase 9 with metastasis in nasopharyngeal

carcinoma. Cancer.

2000;89:715-23.
[184] Takeshita H, Yoshizaki T, Miller WE, Sato H, Furukawa M, Pagano JS, et al. Matrix
metalloproteinase 9 Expression is induced by Epstein-Barr virus latent membrane protein 1 C-terminal
activation regions 1 and 2. Journal of Virology. 1999;73:5548-55.
[185] De Pinto V, Guarino F, Guarnera A, Messina A, Reina S, Tomasello FM, et al. Characterization of
human VDAC isoforms: A peculiar function for VDAC3? Biochim Biophys Acta-Bioenerg.
2010;1797:1268-75.
[186] Yamamoto T, Yamada A, Watanabe M, Yoshimura Y, Yamazaki N, Yamauchi T, et al. VDAC1, having
a shorter N-terminus than VDAC2 but showing the same migration in an SDS polyacrylamide gel, is the
predominant form expressed in mitochondria of various tissues. Journal of Proteome Research.
2006;5:3336-44.
[187] Depinto V, Tommasino M, Benz R, Palmieri F. THE 35 KDA DCCD-BINDING PROTEIN FROM
PIG-HEART MITOCHONDRIA IS THE MITOCHONDRIAL PORIN. Biochimica Et Biophysica Acta.
1985;813:230-42.
126

[188] Saccone C, Caggese C, D'Erchia AM, Lanave C, Oliva M, Pesole G. Molecular clock and gene
function. Journal of Molecular Evolution. 2003;57:S277-S85.
[189] Young MJ, Bay DC, Hausner G, Court DA. The evolutionary history of mitochondrial porins. Bmc
Evolutionary Biology. 2007;7.
[190] Benz R. PERMEATION OF HYDROPHILIC SOLUTES THROUGH MITOCHONDRIAL OUTER
MEMBRANES - REVIEW ON MITOCHONDRIAL PORINS. Biochimica Et Biophysica Acta-Reviews on
Biomembranes. 1994;1197:167-96.
[191] Mannella CA, Guo XW, Cognon B. DIAMETER OF THE MITOCHONDRIAL OUTER-MEMBRANE
CHANNEL - EVIDENCE FROM ELECTRON-MICROSCOPY OF FROZEN-HYDRATED MEMBRANE CRYSTALS.
Febs Letters. 1989;253:231-4.
[192] Ludwig O, Krause J, Hay R, Benz R. PURIFICATION AND CHARACTERIZATION OF THE PORE
FORMING PROTEIN OF YEAST MITOCHONDRIAL OUTER-MEMBRANE. European Biophysics Journal
with Biophysics Letters. 1988;15:269-76.
[193] Ludwig O, Depinto V, Palmieri F, Benz R. PORE FORMATION BY THE MITOCHONDRIAL PORIN OF
RAT-BRAIN IN LIPID BILAYER-MEMBRANES. Biochimica Et Biophysica Acta. 1986;860:268-76.
[194] Hodge T, Colombini M. Regulation of metabolite flux through voltage-gating of VDAC channels.
Journal of Membrane Biology. 1997;157:271-9.
[195] Bayrhuber M, Meins T, Habeck M, Becker S, Giller K, Villinger S, et al. Structure of the human
voltage-dependent anion channel. Proc Natl Acad Sci U S A. 2008;105:15370-5.
[196] Hiller S, Garces RG, Malia TJ, Orekhov VY, Colombini M, Wagner G. Solution structure of the
integral human membrane protein VDAC-1 in detergent micelles. Science. 2008;321:1206-10.
[197] Ujwal R, Cascio D, Colletier JP, Faham S, Zhang J, Toro L, et al. The crystal structure of mouse
127

VDAC1 at 2.3 angstrom resolution reveals mechanistic insights into metabolite gating. Proc Natl Acad
Sci U S A. 2008;105:17742-7.
[198] Colombini M. VDAC: The channel at the interface between mitochondria and the cytosol.
Molecular and Cellular Biochemistry. 2004;256:107-15.
[199] Baker NA, Sept D, Joseph S, Holst MJ, McCammon JA. Electrostatics of nanosystems: Application
to microtubules and the ribosome. Proc Natl Acad Sci U S A. 2001;98:10037-41.
[200] Hiller S, Wagner G. The role of solution NMR in the structure determinations of VDAC-1 and
other membrane proteins. Current Opinion in Structural Biology. 2009;19:396-401.
[201] Peng S, Blachlydyson E, Forte M, Colombini M. LARGE-SCALE REARRANGEMENT OF PROTEIN
DOMAINS IS ASSOCIATED WITH VOLTAGE GATING OF THE VDAC CHANNEL. Biophysical Journal.
1992;62:123-35.
[202] Zimmerberg J, Parsegian VA. POLYMER INACCESSIBLE VOLUME CHANGES DURING OPENING AND
CLOSING OF A VOLTAGE-DEPENDENT IONIC CHANNEL. Nature. 1986;323:36-9.
[203] Hoogenboom BW, Suda K, Engel A, Fotiadis D. The supramolecular assemblies of
voltage-dependent anion channels in the native membrane. Journal of Molecular Biology.
2007;370:246-55.
[204] Malia TJ, Wagner G. NMR structural investigation of the mitochondrial outer membrane protein
VDAC and its interaction with antiapoptotic Bcl-x(L). Biochemistry. 2007;46:514-25.
[205] Zalk R, Israelson A, Garty ES, Azoulay-Zohar H, Shoshan-Barmatz V. Oligomeric states of the
voltage-dependent anion channel and cytochrome c release from mitochondria. Biochemical Journal.
2005;386:73-83.
[206] Abu-Hamad S, Sivan S, Shoshan-Barmatz V. The expression level of the voltage-dependent anion
128

channel controls life and death of the cell. Proc Natl Acad Sci U S A. 2006;103:5787-92.
[207] Zaid H, Abu-Hamad S, Israelson A, Nathan I, Shoshan-Barmatz V. The voltage-dependent anion
channel-1 modulates apoptotic cell death. Cell Death Differ. 2005;12:751-60.
[208] Lu AJ, Dong CW, Du CS, Zhang QY. Characterization and expression analysis of Paralichthys
olivaceus voltage-dependent anion channel (VDAC) gene in response to virus infection. Fish & Shellfish
Immunology. 2007;23:601-13.
[209] Godbole A, Varghese J, Sarin A, Mathew MK. VDAC is a conserved element of death pathways in
plant and animal systems. Biochimica Et Biophysica Acta-Molecular Cell Research. 2003;1642:87-96.
[210] Ghosh T, Pandey N, Maitra A, Brahmachari SK, Pillai B. A Role for Voltage-Dependent Anion
Channel Vdac1 in Polyglutamine-Mediated Neuronal Cell Death. Plos One. 2007;2.
[211] De Pinto V, Tomasello F, Messina A, Guarino F, Benz R, La Mendola D, et al. Determination of the
conformation of the human VDAC1 N-terminal peptide, a protein moiety essential for the functional
properties of the pore. Chembiochem. 2007;8:744-56.
[212] Madesh M, Hajnoczky G. VDAC-dependent permeabilization of the outer mitochondrial
membrane by superoxide induces rapid and massive cytochrome c release. Journal of Cell Biology.
2001;155:1003-15.
[213] Feldmann G, Haouzi D, Moreau A, Durand-Schneider AM, Bringuier A, Berson A, et al. Opening
of the mitochondrial permeability transition pore causes matrix expansion and outer membrane
rupture in Fas-mediated hepatic apoptosis in mice. Hepatology. 2000;31:674-83.
[214] Bernardi P. Mitochondrial transport of cations: Channels, exchangers, and permeability
transition. Physiol Rev. 1999;79:1127-55.
[215] Halestrap AP, Doran E, Gillespie JP, O'Toole A. Mitochondria and cell death. Biochem Soc Trans.
129

2000;28:170-7.
[216] Lemasters JJ, Qian T, Bradham CA, Brenner DA, Cascio WE, Trost LC, et al. Mitochondrial
dysfunction in the pathogenesis of necrotic and apoptotic cell death. Journal of Bioenergetics and
Biomembranes. 1999;31:305-19.
[217] Shoshan-Barmatz V, Gincel D. The voltage-dependent anion channel - Characterization,
modulation, and role in mitochondrial function in cell life and death. Cell Biochemistry and Biophysics.
2003;39:279-92.
[218] Antonsson B, Montessuit S, Lauper S, Eskes R, Martinou JC. Bax oligomerization is required for
channel-forming activity in liposomes and to trigger cytochrome c release from mitochondria.
Biochemical Journal. 2000;345:271-8.
[219] Eskes R, Desagher S, Antonsson B, Martinou JC. Bid induces the oligomerization and insertion of
Bax into the outer mitochondrial membrane. Molecular and Cellular Biology. 2000;20:929-35.
[220] Reed JC. Proapoptotic multidomain Bcl-2/Bax-family proteins: mechanisms, physiological roles,
and therapeutic opportunities. Cell Death Differ. 2006;13:1378-86.
[221] Antignani A, Youle RJ. How do Bax and Bak lead to permeabilization of the outer mitochondrial
membrane? Current Opinion in Cell Biology. 2006;18:685-9.
[222] Desagher S, Osen-Sand A, Nichols A, Eskes R, Montessuit S, Lauper S, et al. Bid-induced
conformational change of Bax is responsible for mitochondrial cytochrome c release during apoptosis.
Journal of Cell Biology. 1999;144:891-901.
[223] Gross A, Jockel J, Wei MC, Korsmeyer SJ. Enforced dimerization of BAX results in its translocation,
mitochondrial dysfunction and apoptosis. Embo Journal. 1998;17:3878-85.
[224] Shimizu S, Shinohara Y, Tsujimoto Y. Bax and Bcl-x(L) independently regulate apoptotic changes
130

of yeast mitochondria that require VDAC but not adenine nucleotide translocator. Oncogene.
2000;19:4309-18.
[225] Dejean LM, Martinez-Caballero S, Guo L, Hughes C, Teijido O, Ducret T, et al. Oligomeric Bax is a
component of the putative cytochrome c release channel MAC, mitochondrial apoptosis-induced
channel. Molecular Biology of the Cell. 2005;16:2424-32.
[226] Guo L, Pietkiewicz D, Pavlov EV, Grigoriev SM, Kasianowicz JJ, Dejean LM, et al. Effects of
cytochrome c on the mitochondrial apoptosis-induced channel MAC. American Journal of
Physiology-Cell Physiology. 2004;286:C1109-C17.
[227] Martinez-Caballero S, Dejean LM, Kinnally KW. Some amphiphilic cations block the
mitochondrial apoptosis-induced channel, MAC. Febs Letters. 2004;568:35-8.
[228] Martinez-Caballero S, Dejean LM, Jonas EA, Kinnally KW. The role of the mitochondrial apoptosis
induced channel MAC in cytochrome c release. Journal of Bioenergetics and Biomembranes.
2005;37:155-64.
[229] Siskind LJ, Kolesnick RN, Colombini M. Ceramide forms channels in mitochondrial outer
membranes at physiologically relevant concentrations. Mitochondrion. 2006;6:118-25.
[230] Stiban J, Caputo L, Colombini M. Ceramide synthesis in the endoplasmic reticulum can
permeabilize mitochondria to proapoptotic proteins. Journal of Lipid Research. 2008;49:625-34.
[231] Nichols BJ, Denton RM. TOWARDS THE MOLECULAR-BASIS FOR THE REGULATION OF
MITOCHONDRIAL DEHYDROGENASES BY CALCIUM-IONS. Molecular and Cellular Biochemistry.
1995;149:203-12.
[232] Gyorgy H, Gyrogy C, Das S, Garcia-Perez C, Saotome M, Roy SS, et al. Mitochondrial calcium
signalling and cell death: Approaches for assessing the role of mitochondrial Ca2+ uptake in apoptosis.
131

Cell Calcium. 2006;40:553-60.
[233] Zoratti M, Szabo I. THE MITOCHONDRIAL PERMEABILITY TRANSITION. Biochimica Et Biophysica
Acta-Reviews on Biomembranes. 1995;1241:139-76.
[234] Bathori G, Csordas G, Garcia-Perez C, Davies E, Hajnoczky G. Ca2+-dependent control of the
permeability properties of the mitochondrial outer membrane and voltage-dependent anion-selective
channel (VDAC). Journal of Biological Chemistry. 2006;281:17347-58.
[235] Israelson A, Arzoine L, Abu-hamad S, Khodorkovsky V, Shoshan-Barmatz V. A photoactivable
probe for calcium binding proteins. Chemistry & Biology. 2005;12:1169-78.
[236] Boya P, Roques B, Kroemer G. Viral and bacterial proteins regulating apoptosis at the
mitochondrial level. Embo Journal. 2001;20:4325-31.
[237] Boya P, Roumier T, Andreau K, Gonzalez-Polo RA, Zamzami N, Castedo M, et al.
Mitochondrion-targeted apoptosis regulators of viral origin. Biochemical and Biophysical Research
Communications. 2003;304:575-81.
[238] Everett H, McFadden G. Viruses and apoptosis: Meddling with mitochondria. Virology.
2001;288:1-7.
[239] Irusta PM, Chen YB, Hardwick JM. Viral modulators of cell death provide new links to old
pathways. Current Opinion in Cell Biology. 2003;15:700-5.
[240] Verrier F, Mignotte B, Jan GN, Brenner C. Study of PTPC composition during apoptosis for,
identification of viral protein target. In: Diederich M, editor. Apoptosis: From Signaling Pathways to
Therapeutic Tools2003. p. 126-42.
[241] Castedo M, Perfettini JL, Andreau K, Roumier T, Piacentini M, Kroemer G. Mitochondrial
apoptosis induced by the HIV-1 envelope. In: Diederich M, editor. Apoptosis: From Signaling Pathways
132

to Therapeutic Tools2003. p. 19-28.
[242] Zamarin D, Garcia-Sastre A, Xiao XY, Wang R, Palese P. Influenza virus PB1-F2 protein induces cell
death through mitochondrial ANT3 and VDAC1. Plos Pathogens. 2005;1:40-54.
[243] Goncalves RP, Buzhynskyy N, Prima V, Sturgis JN, Scheuring S. Supramolecular assembly of VDAC
in native mitochondrial outer membranes. Journal of Molecular Biology. 2007;369:413-8.
[244] Shoshan-Barmatz V, Israelson A, Brdiczka D, Sheu SS. The voltage-dependent anion channel
(VDAC): Function in intracellular signalling, cell life and cell death. Current Pharmaceutical Design.
2006;12:2249-70.
[245] Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA-Cancer J Clin.
2005;55:74-108.
[246] McDermott AL, Dutt SN, Watkinson JC. The aetiology of nasopharyngeal carcinoma. Clin
Otolaryngol. 2001;26:82-92.
[247] Tang YL, Lu JH, Cao L, Wu MH, Peng SP, Zhou HD, et al. Genetic variations of EBV-LMP1 from
nasopharyngeal carcinoma biopsies: Potential loss of T cell epitopes. Brazilian J Med Biol Res.
2008;41:110-6.
[248] Wong BCK, Chan KCA, Chan ATC, Leung SF, Chan LYS, Chow KCK, et al. Reduced plasma RNA
integrity in nasopharyngeal carcinoma patients. Clin Cancer Res. 2006;12:2512-6.
[249] Delahunty CaY, J.R. 3rd

Protein identification using 2D-LC-MS/MS. . Methods. 2005;35:248-55.

[250] Xiao ZF, Li GQ, Chen YH, Li MY, Peng F, Li C, et al. Quantitative Proteomic Analysis of
Formalin-fixed

and

Paraffin-embedded

Nasopharyngeal

Carcinoma

Using

iTRAQ

Labeling,

Two-dimensional Liquid Chromatography, and Tandem Mass Spectrometry. J Histochem Cytochem.
2010;58:517-27.
133

[251] Cho WCS. Nasopharyngeal carcinoma: molecular biomarker discovery and progress. Mol Cancer.
2007;6.
[252] Xiao ZQ, Chen Y, Yi B, Li MY, Zhang PF, Yi H, et al. Identification of nasopharyngeal carcinoma
antigens that induce humoral immune response by proteomic analysis. Proteomics Clin Appl.
2007;1:688-98.
[253] Ross PL, Huang YLN, Marchese JN, Williamson B, Parker K, Hattan S, et al. Multiplexed protein
quantitation in Saccharomyces cerevisiae using amine-reactive isobaric tagging reagents. Mol Cell
Proteomics. 2004;3:1154-69.
[254] Zhang JH, Sui JJ, Ching CB, Chen WN. Protein profile in neuroblastoma cells incubated with Sand R-enantiomers of ibuprofen by iTRAO-coupled 2-D LC-MS/MS analysis: Possible action of induced
proteins on Alzheimer's disease. Proteomics. 2008;8:1595-607.
[255] Sui JJ, Zhang JH, Tan TL, Ching CB, Chen WN. Comparative proteomics analysis of vascular
smooth muscle cells incubated with S- and R-enantiomers of Atenolol using iTRAQ-coupled
two-dimensional LC-MS/MS. Molecular & Cellular Proteomics. 2008;7:1007-18.
[256] Zhang JH, Niu DD, Sui JJ, Ching CB, Chen WN. Protein profile in hepatitis B virus replicating rat
primary hepatocytes and HepG2 cells by iTRAQ-coupled 2-D LC-MS/MS analysis: Insights on liver
angiogenesis. Proteomics. 2009;9:2836-45.
[257] Soria LF, Ludwig EH, Clarke HRG, Vega GL, Grundy SM, McCarthy BJ. ASSOCIATION BETWEEN A
SPECIFIC APOLIPOPROTEIN-B MUTATION AND FAMILIAL DEFECTIVE APOLIPOPROTEIN-B-100. Proc Natl
Acad Sci U S A. 1989;86:587-91.
[258] Pullinger CR, Hennessy LK, Chatterton JE, Liu WQ, Love JA, Mendel CM, et al. FAMILIAL
LIGAND-DEFECTIVE APOLIPOPROTEIN-B - IDENTIFICATION OF A NEW MUTATION THAT DECREASES LDL
134

RECEPTOR-BINDING AFFINITY. J Clin Invest. 1995;95:1225-34.
[259] Cho WCS, Yip TTC, Ngan RKC, Yip TT, Podust VN, Yip C, et al. ProteinChip array profiling for
identification of disease- and chemotherapy-associated biomarkers of nasopharyngeal carcinoma. Clin
Chem. 2007;53:241-50.
[260] Aulak KS, Davis AE, Donaldson VH, Harrison RA. CHYMOTRYPSIN INHIBITORY ACTIVITY OF
NORMAL C1-INHIBITOR AND A P1 ARG TO HIS MUTANT - EVIDENCE FOR THE PRESENCE OF
OVERLAPPING REACTIVE CENTERS. Protein Sci. 1993;2:727-32.
[261] Sottrupjensen L, Stepanik TM, Kristensen T, Wierzbicki DM, Jones CM, Lonblad PB, et al.
PRIMARY STRUCTURE OF HUMAN ALPHA-2-MACROGLOBULIN .5. THE COMPLETE STRUCTURE. J Biol
Chem. 1984;259:8318-27.
[262] Kapralov A, Vlasova, II, Feng WH, Maeda A, Walson K, Tyurin VA, et al. Peroxidase Activity of
Hemoglobin.Haptoglobin Complexes COVALENT AGGREGATION AND OXIDATIVE STRESS IN PLASMA
AND MACROPHAGES. J Biol Chem. 2009;284:30395-407.
[263] Akerlof E, Jornvall H, Slotte H, Pousette A. IDENTIFICATION OF APOLIPOPROTEIN-A1 AND
IMMUNOGLOBULIN AS COMPONENTS OF A SERUM COMPLEX THAT MEDIATES ACTIVATION OF
HUMAN SPERM MOTILITY. Biochemistry. 1991;30:8986-90.
[264] Wake H, Mori S, Liu KY, Takahashi HK, Nishibori M. Histidine-rich glycoprotein inhibited high
mobility group box 1 in complex with heparin-induced angiogenesis in matrigel plug assay. Eur J
Pharmacol. 2009;623:89-95.
[265] Jones AL, Hulett MD, Altin JG, Hogg P, Parish CR. Plasminogen is tethered with high affinity to the
cell surface by the plasma protein, histidine-rich glycoprotein. J Biol Chem. 2004;279:38267-76.
[266] Tanaka N, Sekiya S, Takamizawa H, Kato N, Moriyama Y, Fujimura S. CHARACTERIZATION OF A 54
135

KDA, ALPHA-1-ANTITRYPSIN-LIKE PROTEIN ISOLATED FROM ASCITIC FLUID OF AN ENDOMETRIAL
CANCER-PATIENT. Jpn J Cancer Res. 1991;82:693-700.
[267] Niemann MA, Narkates AJ, Miller EJ. ISOLATION AND SERINE PROTEASE INHIBITORY ACTIVITY OF
THE 44-RESIDUE, C-TERMINAL FRAGMENT OF ALPHA-1-ANTITRYPSIN FROM HUMAN PLACENTA.
Matrix. 1992;12:233-41.
[268] Auerswald G, Sutor AH. 6 CASES OF ALPHA-1-ANTITRYPSIN DEFICIENCY PRESENTING AS A
BLEEDING DIATHESIS WITH INTRACRANIAL HEMORRHAGE IN THE NEWBORN. Thromb Haemost.
1989;62:366-.
[269] Yerbury JJ, Kumita JR, Meehan S, Dobson CM, Wilson MR. alpha(2)-Macroglobulin and
Haptoglobin Suppress Amyloid Formation by Interacting with Prefibrillar Protein Species. J Biol Chem.
2009;284:4246-54.
[270] Park KH, Jang W, Kim KY, Kim JR, Cho KH. Fructated apolipoprotein A-I showed severe structural
modification and loss of beneficial functions in lipid-free and lipid-bound state with acceleration of
atherosclerosis and senescence. Biochem Biophys Res Commun. 2010;392:295-300.
[271] Su QZ, Tsai J, Xu E, Qiu W, Bereczki E, Santha M, et al. Apolipoprotein B100 Acts as a Molecular
Link Between Lipid-Induced Endoplasmic Reticulum Stress and Hepatic Insulin Resistance. Hepatology.
2009;50:77-84.
[272] Merry C, Mulcahy F, Gibbons S, Lloyd J, Barry M, Back D. alpha(1)-Acid glycoprotein
concentration in HIV disease - Implications for treatment with protease inhibitors. Aids.
1996;10:P21-P.
[273] Zhu L, Zhuo LS, Watanabe H, Kimata K. Equivalent involvement of inter-alpha-trypsin inhibitor
heavy chain isoforms in forming covalent complexes with hyaluronan. Connect Tissue Res.
136

2008;49:48-55.
[274] Rehberg S, Yamamoto Y, Sousse L, Herndon D, Traber D, Enkhbaatar P. Differential effects of
intravenous antithrombin III as a single treatment or combined with nebulized tissue plasminogen
activator and heparin following combined burn and smoke inhalation injury. Inflamm Res.
2010;59:A66.
[275] Justin J. Yerbury ea. α2-Macroglobulin and Haptoglobin Supress Amyloid Formation by
Interacting with Prefibrillar Protein Species. The Journal of Biological Chemistry. 2009;284.
[276] Harris LJ, Larson SB, Skaletsky E, McPherson A. Comparison of the conformations of two intact
monoclonal antibodies with hinges. Immunol Rev. 1998;163:35-43.
[277] Johs A, Hammel M, Waldner I, May RP, Laggner P, Prassl R. Modular structure of solubilized
human apolipoprotein B-100 - Low resolution model revealed by small angle neutron scattering. J Biol
Chem. 2006;281:19732-9.
[278] Garda HA. Structure-function relationships in human apolipoprotein A-1: role of a central helix
pair. Future Lipidol. 2007;2:95-104.
[279] JHC H. An epidemiologic and clinical study of nasopharygeal carcinoma. Int J Radiat Oncol Biol
Phys. 1978;4:183-205.
[280] Lo KW, Cheung ST, Leung SF, vanHasselt A, Tsang YS, Mak KF, et al. Hypermethylation of the p16
gene in nasopharyngeal carcinoma. Cancer Research. 1996;56:2721-5.
[281] Chan ASC, To KP, Lo KW, Mak KP, Pak W, Chin B, et al. High frequency of chromosome 3p deletion
in histologically normal nasopharyngeal epithelia from southern Chinese. Cancer Research.
2000;60:5365-70.
[282] Lo KW, Teo PML, Hui ABY, To KF, Tsang YS, Chan YY, et al. High resolution allelotype of
137

microdissected primary nasopharyngeal carcinoma. Cancer Research. 2000;60:3348-53.
[283] Lo KW, Kwong J, Hui ABY, Chan SYY, To KF, Chan SC, et al. High frequency of promoter
hypermethylation of RASSF1A in nasopharyngeal carcinoma. Cancer Research. 2001;61:3877-81.
[284] Huang DP, Lo KW, Vanhasselt CA, Woo JKS, Choi PHK, Leung SF, et al. A REGION OF
HOMOZYGOUS DELETION ON CHROMOSOME 9P21-22 IN PRIMARY NASOPHARYNGEAL CARCINOMA.
Cancer Research. 1994;54:4003-6.
[285] Delahunty CaY, J.R. 3rd

Protein identification using 2D-LC-MS/MS. Methods. 2005;35:248-55.

[286] Shanmugaratnam K SL. Histological typing of tumours of the upper respiratory tract and ear.
International histological classification of tumours. 1991;19:32-3.
[287] A. T. C. Chan PMLTPJJ. Nasopharyngeal carcinoma. Annals of Oncology. 2002;13:1007-15.
[288] Faulkner GC, Krajewski AS, Crawford DH. The ins and outs of EBV infection. Trends in
Microbiology. 2000;8:185-9.
[289] Lo YMD, Chan LYS, Lo KW, Leung SF, Zhang J, Chan ATC, et al. Quantitative analysis of cell-free
Epstein-Barr virus DNA in plasma of patients with nasopharyngeal carcinoma. Cancer Research.
1999;59:1188-91.
[290] Chan ATC LY, Chan LYS et al. EBV DNA monitoring during chemotherapy for patients with
undifferentiated nasopharyngeal carcinoma. Proc Am Soc Clin Oncol. 2001;20.
[291] Li F, Xiao ZQ, Zhang PF, Li JL, Li MY, Feng XP, et al. A reference map of human nasopharyngeal
squamous carcinoma proteome. International Journal of Oncology. 2007;30:1077-88.
[292] Li F, Li MY, Xiao ZQ, Zhang PF, Li JL, Chen ZC. Construction of a nasopharyngeal carcinoma 2D/MS
repository with open source XML database - Xindice. Bmc Bioinformatics. 2006;7.
[293] F. Li YGaZC. Visions & Reflections (Minireview) Proteomics in nasopharyngeal carcinoma.
138

2008;65:1008-12.
[294] Stoerker J, Parris D, Yajima Y, Glaser R. PLEIOTROPIC EXPRESSION OF EPSTEIN-BARR VIRUS-DNA
IN HUMAN EPITHELIAL-CELLS. Proceedings of the National Academy of Sciences of the United States
of America-Biological Sciences. 1981;78:5852-5.
[295] Reedman BK, G. Cellular localisation of an Epstein-Barr virus (EBV) associated complementfixing
antigen in producer and non-producer lymphoblastoid cell lines. International Journal of Cancer.
1973;11:499-520.
[296] Sui JJ, Tan TL, Zhang JH, Ching CB, Chen WN. ITRAQ-coupled 2D LC-MS/MS analysis on protein
profile in vascular smooth muscle cells incubated with S- and R-enantiomers of propranolol: Possible
role of metabolic enzymes involved in cellular anabolism and antioxidant activity. Journal of Proteome
Research. 2007;6:1643-51.
[297] al VNe. VirHostNet: a knowledge base for the management and the analysis of proteome-wide
virus-host interaction networks. Nucleic Acids Research. 2009;37:661-8.
[298] Eydelnant IA, Zhang T, Bednarczyk J, Gang HY, Regula KM, Kirshenbaum L. Recruitment of p53 to
Mitochondrial VDAC1 Triggers Autophagy Ventricular Myocytes During Metabolic Stress. Circulation.
2009;120:S902-S.
[299] Abu-Hamad S, Zaid H, Israelson A, Nahon E, Shoshan-Barmatz V. Hexokinase-I protection against
apoptotic cell death is mediated via interaction with the voltage-dependent anion channel-1 Mapping the site of binding. Journal of Biological Chemistry. 2008;283:13482-90.
[300] Morselli E, Galluzzi L, Kroemer G. Mechanisms of p53-mediated mitochondrial membrane
permeabilization. Cell Research. 2008;18:708-10.
[301] Krynetskaia N, Xie H, Vucetic S, Obradovic Z, Krynetskiy E. High mobility group protein B1 is an
139

activator of apoptotic response to antimetabolite drugs. Mol Pharmacol. 2008;73:260-9.
[302] Ingrid E. D MEB, Monica B, Angelo A. M and Patrizia R. Q. The secretion of HMGB1 is required
for the migration of maturing dendritic cells. Journal of Leukocyte Biology. 2007;81:84-91.
[303] Lee JT GW. The multiple levels of regulation by p53 ubiquitination. Cell Death Differ.
2010;17:86-92.
[304] Huang H, Regan KM, Wang F, Wang DP, Smith DI, van Deursen JMA, et al. Skp2 inhibits FOX01 in
tumor suppression through ubiquitin-mediated degradation. Proc Natl Acad Sci U S A.
2005;102:1649-54.
[305] Li F, Xie P, Fan YN, Zhang H, Zheng LF, Gu DF, et al. C Terminus of Hsc70-interacting Protein
Promotes Smooth Muscle Cell Proliferation and Survival through Ubiquitin-mediated Degradation of
FoxO1. Journal of Biological Chemistry. 2009;284:20090-8.
[306] Jung YY, Kim HJ, Min SH, Rhee SG, Jeong WJ. Dynein light chain LC8 negatively regulates
NF-kappa B through the redox-dependent interaction with I kappa B alpha. Journal of Biological
Chemistry. 2008;283:23863-71.
[307] Hakim AA. Microtubule (mt)/tubulin(Tb) correlates with NF-kB/p65 in human breast cancer cells
(HBCC). Faseb J. 1999;13:A520-A.
[308] Nagy N, Brenner C, Markadieu N, Chaboteaux C, Camby I, Schafer BW, et al. S100A2, a putative
tumor suppressor gene, regulates in vitro squamous cell carcinoma migration. Laboratory
Investigation. 2001;81:599-612.
[309] Ma Q, Geng Y, Xu WW, Wu YS, He FL, Shu W, et al. The Role of Translationally Controlled Tumor
Protein in Tumor Growth and Metastasis of Colon Adenocarcinoma Cells. Journal of Proteome
Research. 2010;9:40-9.
140

[310] De Pinto V, Guarino F, Guarnera A, Messina A, Reina S, Tomasello FM, et al. Characterization of
human VDAC isoforms: A peculiar function for VDAC3? Biochim Biophys Acta-Bioenerg.
2010;1797:66-.
[311] Shoshan-Barmatz V, De Pinto V, Zweckstetter M, Raviv Z, Keinan N, Arbel N. VDAC, a
multi-functional mitochondrial protein regulating cell life and death. Molecular Aspects of Medicine.
2010;31:227-85.
[312] Keeble JA, Gilmore AP. Apoptosis commitment - translating survival signals into decisions on
mitochondria. Cell Res. 2007;17:976-84.
[313] Kroemer G, Galluzzi L, Brenner C. Mitochondrial membrane permeabilization in cell death.
Physiol Rev. 2007;87:99-163.
[314] Le Bras M, Clement MV, Pervaiz S, Brenner C. Reactive oxygen species and the mitochondrial
signaling pathway of cell death. Histology and Histopathology. 2005;20:205-19.
[315] Lemasters JJ, Holmuhamedov E. Voltage-dependent anion channel (VDAC) as mitochondrial
governator--Thinking outside the box. Biochimica et Biophysica Acta (BBA) - Molecular Basis of
Disease. 2006;1762:181-90.
[316] Tan WZ, Colombini M. VDAC closure increases calcium ion flux. Biochimica Et Biophysica
Acta-Biomembranes. 2007;1768:2510-5.
[317] Gunter TE, Buntinas L, Sparagna GC, Gunter KK. The Ca2+ transport mechanisms of
mitochondria and Ca2+ uptake from physiological-type Ca2+ transients. Biochim Biophys
Acta-Bioenerg. 1998;1366:5-15.
[318] Gincel D, Vardi N, Shoshan-Barmatz V. Retinal voltage-dependent anion channel:
Characterization and cellular localization. Investigative Ophthalmology & Visual Science.
141

2002;43:2097-104.
[319] Israelson A, Abu-Hamad S, Zaid H, Nahon E, Shoshan-Barmatz V. Localization of the
voltage-dependent anion channel-1 Ca2+-binding sites. Cell Calcium. 2007;41:235-44.
[320] Feng XS, Zhang JH, Chen WN, Ching CB. Proteome profiling of Epstein-Barr virus infected
nasopharyngeal carcinoma cell line: Identification of potential biomarkers by comparative
iTRAQ-coupled 2D LC/MS-MS analysis. Journal of Proteomics. 2011;74:567-76.
[321] Feng XS CB, Chen WN, Ching CB. ITRAQ-coupled 2-D LC-MS/MS Analysis of Differentially
Expressed Serum Proteins in Nasopharyngeal Carcinoma Clinical Samples: Potential in Biomarker
Discovery. Journal of Medical Imaging and Health informatics 2011;Accepted.
[322] Boya P, Pauleau AL, Poncet D, Gonzalez-Polo RA, Zamzami N, Kroemer G. Viral proteins targeting
mitochondria: controlling cell death. Biochim Biophys Acta-Bioenerg. 2004;1659:178-89.
[323] Shirakata Y, Koike K. Hepatitis B virus X protein induces cell death by causing loss of
mitochondrial membrane potential. Journal of Biological Chemistry. 2003;278:22071-8.
[324] Tajeddine N, Galluzzi L, Kepp O, Hangen E, Morselli E, Senovilla L, et al. Hierarchical involvement
of Bak, VDAC1 and Bax in cisplatin-induced cell death. Oncogene. 2008;27:4221-32.
[325] Yuan SP, Fu Y, Wang XF, Shi HB, Huang YJ, Song XM, et al. Voltage-dependent anion channel 1 is
involved in endostatin-induced endothelial cell apoptosis. Faseb J. 2008;22:2809-20.
[326] Lu G, Ren SX, Korge P, Choi J, Dong YA, Weiss J, et al. A novel mitochondrial matrix
serine/threonine protein phosphatase regulates the mitochondria permeability transition pore and is
essential for cellular survival and development. Genes & Development. 2007;21:784-96.
[327] Szabadkai G, Bianchi K, Varnai P, De Stefani D, Wieckowski MR, Cavagna D, et al.
Chaperone-mediated coupling of endoplasmic reticulum and mitochondrial Ca2+ channels. Journal of
142

Cell Biology. 2006;175:901-11.

143

Appendix 1: A representative protein profile of NPC
serum patients No.7-No.9

N
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
48
49
50

Unused Total
%Cov
%Cov(50) %Cov(95) Accession Name
Species Peptides(95%)
126.94
126.94
90.48
80.95
79.8 sp|P02768|ALBU_HUMAN
Serum albumin OS=Homo sapiens GN=ALB PE=1 SV=2
HUMAN
89
62.28
62.28
53.76
39.27
31.45 sp|P01024|CO3_HUMAN
Complement C3 OS=Homo sapiens GN=C3 PE=1 SV=2
HUMAN
30
62
62
47.29
35.62
33.45 sp|P01023|A2MG_HUMAN
Alpha-2-macroglobulin OS=Homo sapiens GN=A2M PE=1 SV=1 HUMAN
31
42.75
42.75
63.88
54.55
54.55 sp|P01009|A1AT_HUMAN
Alpha-1-antitrypsin OS=Homo sapiens GN=SERPINA1 PE=1 SV=3HUMAN
25
42.32
42.32
57.16
43.84
39.11 sp|P02787|TRFE_HUMAN
Serotransferrin OS=Homo sapiens GN=TF PE=1 SV=2
HUMAN
24
30.63
30.63
31.19
16.34
15.83 sp|P0C0L5|CO4B_HUMAN
Complement C4-B OS=Homo sapiens GN=C4B PE=1 SV=1
HUMAN
14
30
30
64.85
58.18
58.18 sp|P01857|IGHG1_HUMAN
Ig gamma-1 chain C region OS=Homo sapiens GN=IGHG1 PE=1 SV=1
HUMAN
21
28.13
28.13
54.58
44.6
40.12 sp|P02675|FIBB_HUMAN
Fibrinogen beta chain OS=Homo sapiens GN=FGB PE=1 SV=2 HUMAN
15
26.54
26.54
32.91
23.79
22.52 sp|P02671|FIBA_HUMAN
Fibrinogen alpha chain OS=Homo sapiens GN=FGA PE=1 SV=2 HUMAN
14
24.96
24.96
71.91
43.45
40.07 sp|P02647|APOA1_HUMAN
Apolipoprotein A-I OS=Homo sapiens GN=APOA1 PE=1 SV=1 HUMAN
14
21.3
21.3
37.53
29.36
25.61 sp|P02679|FIBG_HUMAN
Fibrinogen gamma chain OS=Homo sapiens GN=FGG PE=1 SV=3HUMAN
12
18.23
18.23
45.81
33
31.03 sp|P00738|HPT_HUMAN
Haptoglobin OS=Homo sapiens GN=HP PE=1 SV=1
HUMAN
11
17.57
17.57
16.26
3.748
3.156 sp|P04114|APOB_HUMAN
Apolipoprotein B-100 OS=Homo sapiens GN=APOB PE=1 SV=1 HUMAN
9
13.8
13.8
48.73
34.28
32.29 sp|P01876|IGHA1_HUMAN
Ig alpha-1 chain C region OS=Homo sapiens GN=IGHA1 PE=1 SV=2
HUMAN
9
13.42
13.42
27.23
12.11
12.11 sp|P00450|CERU_HUMAN
Ceruloplasmin OS=Homo sapiens GN=CP PE=1 SV=1
HUMAN
7
13.29
21.29
46.63
38.34
38.34 sp|P01859|IGHG2_HUMAN
Ig gamma-2 chain C region OS=Homo sapiens GN=IGHG2 PE=1 SV=2
HUMAN
13
13.22
13.22
48.76
36.82
36.82 sp|P02763|A1AG1_HUMAN
Alpha-1-acid glycoprotein 1 OS=Homo sapiens GN=ORM1 PE=1 SV=1
HUMAN
7
12.86
12.86
40.04
28.14
16.67 sp|P02790|HEMO_HUMAN
Hemopexin OS=Homo sapiens GN=HPX PE=1 SV=2
HUMAN
5
11.74
11.74
26.99
18.36
18.36 sp|P01871|IGHM_HUMAN
Ig mu chain C region OS=Homo sapiens GN=IGHM PE=1 SV=3 HUMAN
6
11
11
19.68
7.634
7.634 sp|Q14624|ITIH4_HUMAN
Inter-alpha-trypsin inhibitor heavy chain H4 OS=Homo sapiens HUMAN
GN=ITIH4 PE=1 SV=36
10.08
10.08
34.04
21.99
17.73 sp|P01011|AACT_HUMAN
Alpha-1-antichymotrypsin OS=Homo sapiens GN=SERPINA3 PE=1
HUMAN
SV=2
4
10
10
80.19
80.19
80.19 sp|P01834|IGKC_HUMAN
Ig kappa chain C region OS=Homo sapiens GN=IGKC PE=1 SV=1 HUMAN
8
8.54
8.54
39.39
15.56
14.14 sp|P04217|A1BG_HUMAN
Alpha-1B-glycoprotein OS=Homo sapiens GN=A1BG PE=1 SV=3 HUMAN
4
8.09
8.09
65.71
65.71
65.71 sp|P01842|LAC_HUMAN
Ig lambda chain C regions OS=Homo sapiens GN=IGLC1 PE=1 SV=1
HUMAN
4
8
8
30.3
14.9
14.9 sp|P06727|APOA4_HUMAN
Apolipoprotein A-IV OS=Homo sapiens GN=APOA4 PE=1 SV=3 HUMAN
4
7.7
7.7
23.2
14
14 sp|P05155|IC1_HUMAN
Plasma protease C1 inhibitor OS=Homo sapiens GN=SERPING1 PE=1
HUMAN
SV=2
4
6.92
6.92
13.74
5.759
4.319 sp|P00751|CFAB_HUMAN
Complement factor B OS=Homo sapiens GN=CFB PE=1 SV=2
HUMAN
3
6.33
6.33
10.02
2.724
1.76 sp|P02751|FINC_HUMAN
Fibronectin OS=Homo sapiens GN=FN1 PE=1 SV=3
HUMAN
3
6
6
23.92
4.31
4.31 sp|P01008|ANT3_HUMAN
Antithrombin-III OS=Homo sapiens GN=SERPINC1 PE=1 SV=1 HUMAN
3
5
7
39.3
27.36
22.89 sp|P19652|A1AG2_HUMAN
Alpha-1-acid glycoprotein 2 OS=Homo sapiens GN=ORM2 PE=1 SV=2
HUMAN
3
5
5
13.92
8.439
6.751 sp|P02774|VTDB_HUMAN
Vitamin D-binding protein OS=Homo sapiens GN=GC PE=1 SV=1HUMAN
2
4.8
4.8
42
42
42 sp|P02652|APOA2_HUMAN
Apolipoprotein A-II OS=Homo sapiens GN=APOA2 PE=1 SV=1 HUMAN
3
4.54
4.54
54.1
22.95
22.95 sp|P02735|SAA_HUMAN
Serum amyloid A protein OS=Homo sapiens GN=SAA1 PE=1 SV=2
HUMAN
2
4.29
4.29
19.57
6.056
6.056 sp|P01042|KNG1_HUMAN
Kininogen-1 OS=Homo sapiens GN=KNG1 PE=1 SV=2
HUMAN
2
4.27
4.27
15.93
5.062
5.062 sp|P00747|PLMN_HUMAN
Plasminogen OS=Homo sapiens GN=PLG PE=1 SV=2
HUMAN
2
4.27
4.27
38.1
14.29
14.29 sp|P68871|HBB_HUMAN
Hemoglobin subunit beta OS=Homo sapiens GN=HBB PE=1 SV=2HUMAN
2
4.14
4.14
56.48
31.48
31.48 sp|P01610|KV118_HUMAN
Ig kappa chain V-I region WEA OS=Homo sapiens PE=1 SV=1
HUMAN
2
4.09
4.09
31.58
18.05
18.05 sp|P06313|KV403_HUMAN
Ig kappa chain V-IV region JI OS=Homo sapiens PE=2 SV=1
HUMAN
2
4.04
4.04
14.86
6.857
6.857 sp|P04196|HRG_HUMAN
Histidine-rich glycoprotein OS=Homo sapiens GN=HRG PE=1 SV=1
HUMAN
2
4.02
4.02
61.27
31.69
31.69 sp|P69905|HBA_HUMAN
Hemoglobin subunit alpha OS=Homo sapiens GN=HBA1 PE=1 SV=2
HUMAN
2
4
4
19.03
3.7
3.7 sp|P19823|ITIH2_HUMAN
Inter-alpha-trypsin inhibitor heavy chain H2 OS=Homo sapiens HUMAN
GN=ITIH2 PE=1 SV=12
4
4
56.44
31.68
31.68 sp|P02655|APOC2_HUMAN
Apolipoprotein C-II OS=Homo sapiens GN=APOC2 PE=1 SV=1 HUMAN
2
4
4
48.98
25.17
25.17 sp|P02766|TTHY_HUMAN
Transthyretin OS=Homo sapiens GN=TTR PE=1 SV=1
HUMAN
3
3.6
3.6
6.58
2.843
1.543 sp|P08603|CFAH_HUMAN
Complement factor H OS=Homo sapiens GN=CFH PE=1 SV=4 HUMAN
1
3.4
3.4
12.55
5.021
5.021 sp|P04004|VTNC_HUMAN
Vitronectin OS=Homo sapiens GN=VTN PE=1 SV=1
HUMAN
2
2.92
21.97
49.07
42.44
37.4 sp|P01860|IGHG3_HUMAN
Ig gamma-3 chain C region OS=Homo sapiens GN=IGHG3 PE=1 SV=2
HUMAN
13
2.41
2.41
19.42
4.638
4.348 sp|P02749|APOH_HUMAN
Beta-2-glycoprotein 1 OS=Homo sapiens GN=APOH PE=1 SV=3 HUMAN
1
2.35
2.35
27.52
14.17
5.45 sp|P02765|FETUA_HUMAN
Alpha-2-HS-glycoprotein OS=Homo sapiens GN=AHSG PE=1 SV=1
HUMAN
2
2.03
2.03
5.466
3.055
3.055 sp|P00734|THRB_HUMAN
Prothrombin OS=Homo sapiens GN=F2 PE=1 SV=2
HUMAN
1

115:114 PVal 115:114 116:114
PVal 116:114 117:114
PVal 11
0.149969
4.44E-16 0.258226007
3.60E-12 0.39445731
3.
1.282331 0.179339498 1.127197981 0.787042797 1.599557996 0.002
0.529663 0.078067273 0.591561615 0.327905297 0.625172675 0.232
3.191538 0.000184849 1.432188034 0.046969641 1.940886021 0.009
0.349945
5.82E-06 0.428548515
5.68E-06 0.586138189 0.002
2.488857 0.001101763 1.584892988 0.002058415 1.158776999 0.194
1.995262 0.041493729 2.443430901 0.145017505 3.564511061
0.
0.515229 0.01551142 0.40926069 0.008282223 0.534564376 0.040
0.879022 0.555822194 0.679203629 0.290880889 0.731139123
0.4
0.570164 0.01414987 0.465586096 0.01881741 0.765596628 0.195
0.937562 0.794828773 0.586138189 0.105672702 0.698232412 0.320
3.280953 0.003256248 1.541700006 0.207863897 1.584892988 0.284
1.247383 0.439215809 1.958845019 0.01536694 1.106624007 0.649
1.629296 0.042037182 1.318256974 0.231959194 1.096477985 0.245
1.342765 0.703085005 0.779830098 0.713152587 1.584892988 0.381
0.501187 0.409123808 0.155596599 0.1684798 0.401790798 0.295
5.19996 0.004120419 1.706081986 0.443635404 4.742420197 0.005
1.037528 0.627756476 0.580764413 0.085682161 0.744732022 0.468
1.086426 0.690968692 0.704693079 0.615839303 1.599557996 0.174
1.584893 0.072226003 1.29419601 0.121089503 1.51356101 0.078
1.870682 0.301037014 1.445440054 0.3654055 1.342764974 0.687
0.954993 0.927510083 0.515228629 0.856516123 1.258924961 0.286
1.127198 0.602052271 0.946237087 0.629731119
1 0.94
1.803018 0.602851629 1.393157005 0.469278991 2.167704105 0.237
0.887156 0.412412703 1.018591046 0.84416151 0.928966403 0.638
1.342765 0.494519114 1.28233099 0.252232313 1.342764974 0.358
1.44544 0.152525693 1.16949904 0.440417796 1.599557996 0.090
0.642688 0.258203089 1.629295945 0.209020704 1.380383968 0.327
8.87156 0.036159322 6.426877022 0.038349699 6.729765892 0.04
2.910717 0.339425713 1.19124198 0.71768719 2.606153011 0.357
0.801678 0.462008804 0.794328213 0.451559812 0.772680581 0.39
0.824138 0.496592402 0.586138189 0.298424691 0.779830098 0.541
2.85759 0.130163506 1.355188966 0.306171298 1.659587026 0.217
0.83946 0.738875329 0.831763685 0.732564926 0.895364821 0.839
0.912011 0.613756478 0.895364821 0.694027781 0.972747207 0.943
0.625173 0.449054211 1.247382998 0.63182658 0.363078088 0.326
0.83946 0.546139896 0.794328213 0.431304812 0.920449615 0.787
0.704693 0.523757279 1.485936046 0.392650008 1.127197981 0.813
0.903649 0.7284078 0.946237087 0.977785528 0.717794299 0.567
0.855067 0.757519484 1.29419601 0.61362958 0.685488224 0.503
0.83946 0.814217687 0.928966403 0.993956327 0.862978518 0.819
1.5417 0.194438204 1.819700956 0.157802299 1.247382998 0.305
0.239883 0.171351701 0.369828194 0.240101293 0.313328594 0.208
1.056818 0.907616615 1.037528038 0.951862395 1.028015971 0.918
0.83946 0.741078019 1.018591046 0.956280887 0.972747207 0.963
1.419057 0.525258183 1.19124198 0.715800583 1.584892988 0.437
0.831764 0.736959219 0.474242002 0.310955286 0.619441092 0.444
0.787046 0.587856472 0.928966403 0.860974908 0.990831971 0.99
1.018591 0.94974649 0.613762021 0.433300406 0.704693079 0.540
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Species Peptides(95%)
ns GN=ALB PE=1 SV=2
HUMAN
89
ens GN=C3 PE=1 SV=2
HUMAN
30
mo sapiens GN=A2M PE=1 SV=1 HUMAN
31
apiens GN=SERPINA1 PE=1 SV=3HUMAN
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HUMAN
24
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HUMAN
14
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HUMAN
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14
apiens GN=APOA1 PE=1 SV=1 HUMAN
14
mo sapiens GN=FGG PE=1 SV=3HUMAN
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HUMAN
11
o sapiens GN=APOB PE=1 SV=1 HUMAN
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9
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6
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Homo sapiens GN=SERPINA3 PE=1
HUMAN
SV=2
4
mo sapiens GN=IGKC PE=1 SV=1 HUMAN
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2
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1

Appendix 1: Continue

115:114
0.149969
1.282331
0.529663
3.191538
0.349945
2.488857
1.995262
0.515229
0.879022
0.570164
0.937562
3.280953
1.247383
1.629296
1.342765
0.501187
5.19996
1.037528
1.086426
1.584893
1.870682
0.954993
1.127198
1.803018
0.887156
1.342765
1.44544
0.642688
8.87156
2.910717
0.801678
0.824138
2.85759
0.83946
0.912011
0.625173
0.83946
0.704693
0.903649
0.855067
0.83946
1.5417
0.239883
1.056818
0.83946
1.419057
0.831764
0.787046
1.018591

PVal 115:114
4.44E-16
0.179339498
0.078067273
0.000184849
5.82E-06
0.001101763
0.041493729
0.01551142
0.555822194
0.01414987
0.794828773
0.003256248
0.439215809
0.042037182
0.703085005
0.409123808
0.004120419
0.627756476
0.690968692
0.072226003
0.301037014
0.927510083
0.602052271
0.602851629
0.412412703
0.494519114
0.152525693
0.258203089
0.036159322
0.339425713
0.462008804
0.496592402
0.130163506
0.738875329
0.613756478
0.449054211
0.546139896
0.523757279
0.7284078
0.757519484
0.814217687
0.194438204
0.171351701
0.907616615
0.741078019
0.525258183
0.736959219
0.587856472
0.94974649

116:114
0.258226007
1.127197981
0.591561615
1.432188034
0.428548515
1.584892988
2.443430901
0.40926069
0.679203629
0.465586096
0.586138189
1.541700006
1.958845019
1.318256974
0.779830098
0.155596599
1.706081986
0.580764413
0.704693079
1.29419601
1.445440054
0.515228629
0.946237087
1.393157005
1.018591046
1.28233099
1.16949904
1.629295945
6.426877022
1.19124198
0.794328213
0.586138189
1.355188966
0.831763685
0.895364821
1.247382998
0.794328213
1.485936046
0.946237087
1.29419601
0.928966403
1.819700956
0.369828194
1.037528038
1.018591046
1.19124198
0.474242002
0.928966403
0.613762021

PVal 116:114 117:114
3.60E-12
0.39445731
0.787042797 1.599557996
0.327905297 0.625172675
0.046969641 1.940886021
5.68E-06 0.586138189
0.002058415 1.158776999
0.145017505 3.564511061
0.008282223 0.534564376
0.290880889 0.731139123
0.01881741 0.765596628
0.105672702 0.698232412
0.207863897 1.584892988
0.01536694 1.106624007
0.231959194 1.096477985
0.713152587 1.584892988
0.1684798 0.401790798
0.443635404 4.742420197
0.085682161 0.744732022
0.615839303 1.599557996
0.121089503
1.51356101
0.3654055 1.342764974
0.856516123 1.258924961
0.629731119
1
0.469278991 2.167704105
0.84416151 0.928966403
0.252232313 1.342764974
0.440417796 1.599557996
0.209020704 1.380383968
0.038349699 6.729765892
0.71768719 2.606153011
0.451559812 0.772680581
0.298424691 0.779830098
0.306171298 1.659587026
0.732564926 0.895364821
0.694027781 0.972747207
0.63182658 0.363078088
0.431304812 0.920449615
0.392650008 1.127197981
0.977785528 0.717794299
0.61362958 0.685488224
0.993956327 0.862978518
0.157802299 1.247382998
0.240101293 0.313328594
0.951862395 1.028015971
0.956280887 0.972747207
0.715800583 1.584892988
0.310955286 0.619441092
0.860974908 0.990831971
0.433300406 0.704693079

PVal 117:114
3.92E-09
0.002728884
0.232873499
0.009275003
0.002269478
0.194661006
0.014008
0.040715721
0.4734492
0.195496395
0.320133299
0.284341186
0.649829328
0.245536804
0.381944597
0.295354694
0.005077472
0.468378514
0.174272805
0.078501754
0.687651396
0.286234885
0.94465518
0.237936601
0.638865173
0.358570009
0.090219267
0.327076703
0.04006096
0.357335508
0.39980039
0.541172087
0.217906103
0.839456677
0.943624377
0.326056987
0.787012577
0.813852429
0.567398012
0.503883183
0.819299519
0.305718094
0.208031401
0.918602228
0.963223875
0.437912285
0.444385886
0.99651581
0.540715098
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