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ABSTRACT 

 
     The incidence of nasopharyngeal carcinoma (NPC), an epithelial tumor, varies remarkably in different 
geographic regions and human populations. The Epstein-Barr virus (EBV), other environmental factors and 
genetic susceptibility are all considered to be involved in the etiology of this form of cancer and the EBV 
has been extensively studied in this context. The present work focuses on three aspects of this field: genetic 
variations in EBV isolated from Asian/Vietnamese patients with NPC and their functional consequences; 
antisense therapy directed against both the EBNA1 (EB Nuclear Antigen 1) and the LMP1 (Latent 
Membrane Protein 1) genes of EBV; and epigenetic changes in cellular and EBV genes. 

     Genetic variations in tumor viruses might contribute to geographic differences in the prevalence of virus-
associated cancers. Inside cells, EBV expresses the EBNA1, LMP1 and LMP2 proteins, which play 
important roles in connection with infection. In order to investigate the possible existence of genetic variants 
of this virus in patients with NPC in Asia, where the frequency of EBV-associated NPC is high, we 
analyzed the nucleotide sequences encoding the entire LMP1 (including the promoter region), the functional 
domains (N and C-termini) of EBNA1, the N-terminus of LMP2A and binding sites for EBNA1, including 
the FR (family of repeats) and Q locus, in virus isolated from NPC biopsies. In comparison to the B95-8 
strain of EBV, base substitutions were detected in all of these sequences, with the exception of the Q locus.  

     The LMP1 sequence in specimens from three patients was almost identical to the common China 1 
variant, whereas in the other two cases analyzed the sequence encoding the C-terminus of this protein was 
similar to the corresponding sequence in the Thai SEA-2 variant. In these latter two cases, one carried EBV 
type 1 and the other type 2. The majority of samples contained the V-val-v1 (Vvv1) subtype of EBNA1, 
while only one contained the Vvv2 subtype. Moreover, substitutions, deletions and variable numbers of 
repeats were frequently detected in the FR region of oriP. In contrast, sequence analysis of LMP2A revealed 
only minor polymorphisms. As assessed employing a luciferase reporter system, EBNA1 and FR containing 
20 repeats each 30-bp in length derived from an Asian isolate supported a higher rate of transcription than 
that observed in the prototype B95-8 strain. In contrast, repression of the negative regulatory element of Qp 
by the Asian Vvv1 variant of EBNA1 was attenuated in comparison to the corresponding repression in B95-
8. These differences indicate that viral genetic variation may influence the risk for EBV-associated disease, 
in particular NPC. 

     Antisense oligonucleotides can effectively inhibit gene expression at the mRNA level and some are 
presently being tested in clinical trials. Here, antisense oligonucleotides directed against EBNA1 and LMP1 
were transfected into cell lines employing the lipofectin procedure. Expression of EBNA1 and LMP1 was 
thereby down-regulated by 90% and 85% respectively, as assessed on the basis of FR-luciferase activity 
driven by EBNA1 and NF-kB-luciferase activity driven by LMP1. The inhibition was maximal 24 hours 
after transfection and persisted for more than 60 hours. Combined transfection with both EBNA1 and LMP1 
antisense oligonucleotides synergistically inhibited the expression of these genes. The growth of C15 NPC 
xenografts transplanted to mice was suppressed by subcutaneous injection of these antisense molecules, 
opening the possibility that this approach might provide a valuable complement to established strategies for 
treatment and prevention of NPC.  

     An increasing body of evidence indicates that epigenetic changes such as DNA methylation and histone 
modifications play important roles during the early stages of carcinogenesis. Here, we found that the 
promoter region of the human CDH13 gene, which encodes the cell adhesion molecule H-cadherin, was 
methylated in 89.7% of our samples of primary NPC, whereas such methylation was only detected in 10% 
of samples of normal nasopharyngeal epithelia (p<0.05). Our detection of CDH13 methylation in 81% of 
nasopharyngeal swabs from patients with NPC and none of the control swabs suggests that this might be a 
valuable marker for early diagnosis. 

 
Key words: EBV, EBNA1, LMP1, LMP2A, FR, Q locus, genetic variation, antisense oligonucleotide, 
CDH13, DNA methylation, epigenetics, nasopharyngeal carcinoma  
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1. INTRODUCTION  
 

 1.1. Nasopharyngeal carcinoma  

 

 1.1.1. Clinical features  

 

      Nasopharyngeal carcinoma (NPC) is an epithelial tumor that usually arises from the fossa of 

Rosemüller, a region of the nasopharynx rich in lymphoreticular tissue, and the Eustachian 

cushions. These tumors may also arise from the roof of the nasopharynx and, very rarely, from the 

anterior and inferior walls of the nasopharynx [1]. As a consequence of this anatomical location, 

NPC is among the most difficult diseases to diagnose at an early stage, since few of its symptoms, 

including blood-stained nasal discharge, nasal obstruction, blood-stained sputum, tinnitus and 

hearing loss develop at an early stage.  

     NPC may metastasize, in particular to cervical lymph nodes, where more than 50% of 

metastases are found and is frequently discovered only after such dissemination. The cervical 

jugulodigastric lymph nodes, which are most commonly affected, are enlarged in 50-70% of all 

patients. Single or several cranial nerves also may be affected at early or later stages of the disease. 

If the tumor extends into the base of skull, it may give rise to frequent headaches. Such 

neurological symptoms reflect severe and extensive tumor invasion .  

 

 1.1.2. Histopathological  classification 

 

    The microscopic appearance of NPC or of a related metastasis in a lymph node can be 

characteristic and thereby provide confirmation of a clinical diagnosis. The degree of 

differentiation of such tumors has been classified by the World Health Organization (WHO) into 

three categories [1]: squamous cell carcinomas, designated WHO1, are highly differentiated, with 

characteristic patterns of epithelial growth and keratin filaments; non-keratinizing WHO2 

carcinomas retain a normal epithelial shape and normal patterns of growth; and undifferentiated 

WHO3 carcinomas (UCNT) produce keratin and lack a distinctive growth pattern. These 

undifferentiated carcinomas include lymphoepitheliomas composed of malignant epithelial cells 

and heavily infiltrated by non-malignant lymphocytes.  

     The prevalence of these different types of NPC in non-endemic and endemic regions differs. In 

the United State of America (USA), the keratinizing WHO1-type NPC accounts for more than 

two-thirds of the cases; whereas in Asians, as well as in Asian immigrants to the USA, non-
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keratinizing WHO2 and undifferentiated carcinoma WHO3 tumors predominate. Histological 

features may be of prognostic significance, since treatment with radiotherapy is more effective for 

WHO2 and -3   than for WHO1 tumors [2]. 

 

 1.1.3. Epidemiology and etiology 

 

     Worldwide, NPC is relatively rare, with annual standard age-adjusted incidences of 1.8 and 

0.7 per 100,000 men and women, respectively [3]. However, this form of malignancy is very 

common in the Cantonese population of southern China and in Malaysians in South-East Asia. 

For example, its incidence is approximately 26/100,000 among men in Hong Kong [4], who also 

exhibit a mortality rate that is 3.0-3.5-fold higher than that among women in this same region 

with NPC [5]. NPC demonstrates an intermediate incidence in Alaskan Eskimos and North 

African Arabs [4, 6], but it is rare in the USA, where its incidence is 0.4/100,000, representing 

4.4% of all squamous cell cancers of the upper aerodigestive tract documented in the 

Surveillance Epidemiology and End Results (SEER) databank [7].   

     The possible causes include genetic, epigenetic and environmental factors that interact with 

one another to promote initiation and development. The relatively high risk for NPC among 

Chinese is maintained in first-generation immigrants to the USA, suggesting a genetic influence  

[4, 8]. Certain human leukocyte antigens (HLA), such as HLA-A2a, and certain types of genetic 

polymorphism in cytochrome P450 2E1 (CYP2E1) [9] and glutathione transferase Ml (GSTMl) 

[10], both of which are involved in the metabolism of carcinogens, are linked to an elevated risk 

for NPC [1, 11].  

     Numerous case-control studies on Chinese populations have revealed a pronounced  association 

between the risk for NPC and consumption of salted fish and other preserved items of food, 

especially during childhood [12, 13]. In addition, an association between smoking and the risk for 

NPC has been documented in the USA, where the keratinizing form is prevalent [8, 14], but this 

association is weak or perhaps even non-existent in Asia [15, 16]. In the case of the USA heavy 

smoking and consumption of alcohol have been reported to be associated with a 3-fold elevation in 

the risk for the form of NPC predominant there [14]. Thus, Vaughan and co workers  [17] 

observed a strong dose-response relationship between cigarette smoking and the risk for WHO1-

type NPC, but no association with the WHO2 or WHO3 forms. Moreover, heavy use of  alcohol 

(21 or more drinks/week) was associated with a 2.9-fold higher risk for the development of WHO1 

disease [17].  
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     One model for the development of NPC that has attracted much interest is depicted in Figure 1 

[18]. The earliest recognizable histological lesions associated with exposure to certain 

environmental carcinogens are patches of dysplasia. These patches exhibit allelic losses on the 

short arms of chromosomes 3 and 9 that result in inactivation of several tumor suppressor genes, 

in particular p14, p15 and p16, RASSF1A and Blu [19-22]. The carcinogens involved have not 

yet been identified, but, as mentioned above, a link between the consumption of salted Chinese 

fish and other salted items of food and the development of NPC has been suggested [4]. 

Although the tumor originates from them, the presence of such dysplastic lesions alone is 

probably not sufficient to lead to further progression. At this stage, latent infection by EBV 

becomes critical, giving rise to the development of severe dysplasia. Gains of genes on 

chromosome 12 and allelic loss on 11q, 13q and 16q lead to invasive carcinoma; while 

metastasis is associated with mutations in p53 and aberrant expression of cadherins [20, 23].  

 

 Latent EBV infection  
(expression of viral proteins)  

 

 Normal 
nasopharyngeal 
epithelium 

Low-grade 
dysplasia 

High - 
rade 
dysplasia 

Invasive 
carcinoma 

Metastasis 
 

 

 Chromosome 3p 
and 9p deletions  

Inactivation of 
p14, p15, p16 
and RASSF1A  

Gain of chromosome 
12 and loss of 11q, 
13q, 16q  

p53 mutation, 
aberrant expression of 
cadherins 

 

 

 

 Environmental carcinogens 
 

     Figure 1. One of the models proposed for the development of NPC (see reference 18). 

 

     The observation that infection with EBV is consistently found in NPC, as well as in high-grade, 

but not low-grade dysplastic lesions, suggests that such infection plays a key role in the 

tumorigenic progression, but not for its initiation (Figure 1). Expression of latent genes carried by 

EBV may promote the transformation of nasopharyngeal cells with 3p or 9p depletions. Thereafter, 

clonal expansion of EBV-infected tumor cells may result in rapid progression to invasive 

carcinoma. The current opinion is that only infected dysplastic cells will progress into NPC, while 
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the cells from which EBV is absent may eventually undergo apoptosis. One proposal is that LMP1 

may block p53-mediated apoptosis through up-regulation of the A20 gene [24, 25].  

 

 1.1.4. Diagnosis and treatment 

 

     The cure rate for early-stage NPC is remarkably high and early detection is thus critical. 

However, NPC is one of the most difficult diseases to diagnose at an early stage because of the 

lack of specific warning symptoms. In general, the presence of NPC should be suspected in 

connection with the symptoms listed above, but histological confirmation of the diagnosis is 

mandatory. Examination of biopsies taken under local anesthesia has been proven to be as 

reliable as examination under general anesthesia and removable of tissue samples employing 

direct visualization of the nasopharynx with a fiberoptic nasopharyngoscope is widely utilized 

today. Although biopsing may cause swelling of soft tissue and/or a hematoma, it remains the 

best approach to obtaining material for histopathology and is currently the gold standard in 

connection with the diagnosis and prognosis of NPC. 

    Other tools of value in diagnosing NPC include computed tomography (CT) scanning and 

magnetic resonance imaging (MRI). The size and location of the primary tumor should be 

evaluated by both of these procedures. MRI is more sensitive than CT for the detection of the 

primary tumor and determination of its direct extension into soft tissue, metastasis to regional 

nodes and perineural extension. Although MRI can also demonstrate erosion at the base of the 

skull by virtue of the change in the signal originating from the fatty bone marrow, CT is 

generally considered to be a more effective tool for monitoring bone erosion. The possible value 

of positron emission tomography (PET) scanning in connection with NPC remains to be 

established, although preliminary reports do indicate that this approach can detect both local 

failure of treatment and distant metastases. CT, MRI and PET are advanced and expensive 

techniques, as a result of which they are not widely utilized for routine diagnosis.  

     Serum levels of antibodies directly specifically against components of EBV, such as 

immunoglobulin A (IgA) antibodies towards the viral capsid (VCA), early (EA) and/or nuclear 

antigens (EBNA), in combination with assay of viral DNAse, have been commonly used for 20 

years now to screen for NPC. However, the sensitivity and specificity of these serological 

procedures are known to be unsatisfactory [26]. In contrast, the level of EBV particles in serum or 

plasma (i.e., viral load) has been shown to be useful for both the diagnosis and monitoring of 

patients with NPC [27], reflecting the stage and being correlated to overall survival. Furthermore, 

the viral load correlates well with the residual tumor size following treatment and accurately 
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predicts recurrence and outcome [28, 29]. In addition, the level of cell-free EBV DNA in serum or 

plasma is a potential diagnostic and prognostic marker in connection with NPC [30]. However, 

most findings in this context involve case studies and the predictive value in high-risk populations 

is still under investigation.  

      Since most tumors of the nasopharynx are not easy to remove surgically, radiation therapy is 

almost always applied. NPC is relatively radiosensitive and the fields for targeting radiotherapy to 

the primary tumor and surrounding anatomical structures at risk for tumor invasion can be 

determined by radiographic imaging. NPC of types WHO2 and -3 are chemosensitive at all stages 

[31] and several investigations describe the use of chemotherapy in combination with radiotherapy 

for the management of localized, advanced cases of nasopharyngeal carcinoma.  

     Despite encouraging response rates, the survival rates of patients with NPC remain 

disappointing [23]. The presence of EBV in such tumor cells offers the possibility of designing 

EBV-specific therapy and, indeed, immunotherapeutic or gene therapeutic strategies targetting 

EBV have been attempted [32, 33]. Currently, several strategies for controlling NPC that target 

EBNA1 and the oncogene LMP1 are being pursued.  

 

 1.2. The biology of EBV 
 

 1.2.1. Genomic structure and life-cycle  

 

      The EBV genome is 172-kb, double-stranded DNA molecule in which G and C account for  

60% of the nucleotides [34, 35]. The linear projection of this genome can be divided into four 

major regions, i.e., a short unique sequence (US), an internal repeat (IR), a long unique sequence 

(UL) and a terminal repeat (TR) (Figure 2C). EBV forms circular extra-chromosomal molecules 

(episomes) in the nucleus of the infected cells by fusion of its TR regions (Figure 2A).  

     Following enzymatic digestion of the B95-8 strain of EBV by BamHI, the fragments obtained 

are designated in alphabetical order on the basis of decreasing size (Figure 2B). The nomenclature 

used for each fragment is as follows: B for BamHI enzyme, followed by the letter assigned to the  

fragment (A, B, etc.), the direction of reading (Left or Right) and the number of the open reading 

Frame (1, 2, etc.), e.g., BALF1 and BKRF1. This B95-8 strain is the first herpesvirus whose entire 

genome has been sequenced (Genbank accession number V01555 [36] and recently updated [37]). 

The EBV genome contains a total of 84 open reading frames (ORF) [38], the majority of which are  
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devoted to viral replication during the lytic cycle, with only 12 genes being transcribed and 10 

translated during latency.  

 

 

BamHI 

IR 

C 

 

B 

A 

US TR   TR UL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     Figure 2. Schematic illustration of the genome of the Epstein-Barr virus, depicting the four major 
regions, sites of cleavage by BamHI and resulting fragments. (A and B adapted from reference 52)  
 

     More than 90% of human population is infected by EBV, which is transmitted primarily via the  

saliva, but also by blood or tissue transplantation and, possibly, via mother’s milk to the child or 

even sexually [39]. The majority of infected individuals acquire this virus during the first years of 

postnatal life [40] and such early infection is usually asymptomatic. Once EBV has entered the 

human body, it remains latent in resting memory B-cells for the entire life-span [41-44], with 

intermittent reactivation and shedding of viral particles into the saliva.  

     EBV can infect only a few types of cells, due to the limited cellular expression of its receptor, 

cluster differentiation 21 (CD21). This receptor is expressed by the B-cells of humans and New 

World monkeys and on certain epithelial cells in the oropharynx and nasopharynx. CD21 is the 

receptor for the C3d component of the complement system as well and is therefore also referred to 
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as complement receptor 2 (CR2) [45]. In addition, Class II major histocompatibility complex 

(MHC) molecules act as co-receptors for EBV [46].  

     This virus evades elimination by the immune system by residing (hiding) in a small pool of 

peripheral B-cells (persisting on the average, in one memory B-cell per milliliter of blood 

throughout the individual’s lifetime) and by serverly restricting expression of its own genes. Due to 

the paucity of these host cells, they cannot be detected and analyzed directly [47]. The manner by 

which EBV enters  epithelial cells remains controversial; current proposals include cell fusion [48], 

via an immune complex with IgA [49], and/or through the involvement of resting B-cells as a 

transfer vehicle [50]. The Class II MHC co-receptor is now thought to be the main route of entry 

into epithelial cells [46]. In addition to B lymphocytes and epithelial cells, EBV is somehow, 

probably accidentally, able to enter into other subsets of hematopoetic cells, including 

macrophages, T cells or natural killer (NK) cells [40].   

      Infection by EBV leads to three major potential outcomes: First, the virus can undergo 

productive replication in permissive B-cells or epithelial cells. In this case, following synthesis of 

the viral DNA polymerase and replication of viral DNA, the capsid and glycoproteins are produced 

and assembly occurs. Secondly, EBV can establish a latent infection in B-cells in the presence of 

competent T cells, with few viral genes being expressed, depending on the state of the infected B-

cells. Finally, at least in vitro, EBV can immortalize B-cells, through the action of latency-

associated viral proteins. 

 

 1.2.2. Latent forms 

 

      Like all herpesviruses, EBV can establish a latent infection in certain of the infected cells. 

Twelve viral genes are expressed in this state, ten of which are translated into proteins, including 

six nuclear proteins (EBNA1, 2, 3A, 3B, 3C, -LP), three latent membrane proteins (LMP1, 

LMP2A and LMP2B), two small non-polyadenylated RNAs (EBER1 and EBER2) and BamHI A 

rightward transcripts (BARTs), the putative BART-encoded BARF0, RK-BARF0 and BARF1 

proteins.  

      There are four types of latency, which are defined on the basis of the pattern of viral gene 

expression, are summarized in Table 1 [51-55]. These different types of latency involve switches 

in the use of primary viral promoters, including Qp, Wp and Cp (Fig 1A) [56]. A switch between 

different forms of latency has been described in  LCL and BL cell lines [33, 57]. Together with 

EBERs, the BART family of mRNAs is expressed in all states of EBV latency. 
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Table 1: EBV gene expression in latency forms 

 
Latency forms 

 
EBV gene expression 

 
Healthy carrier and diseases 

 
Latency 0 

 
EBER1 and 2 
LMP2A +/- 

 
Healthy carrier 

Latency I EBER1 and 2 
EBNA1 

Burkitt’s lymphoma, NPC (35%) 

Latency II EBER1 and 2 
EBNA1 
LMP1 
LMP2A and 2B 
 

NPC (65%), Hodgkin’s lymphoma, 
T cell lymphoma, Salivary gland 
carcinoma, Leiomysarcoma 

Latency III EBER1 and 2 
EBNA1-6 
LMP1, LMP2A and 2B 
 

Post-transplant lymphoma, AIDS-
lymphoma, infectious 
mononucleosis (IM), and LCL 

 
 

 1.2.3. The latency genes of EBV 

 

     1.2.3.1. EBNA1 

 

     EBNA1, a large protein of 66-95 kDa, is encoded by the BKRF1 open reading frame. In the 

B95-8 strain, this protein contains 641 amino acids, but it varies in size in different strains and 

variants of EBV due to the presence of a variable number of internal glycine-alanine (Gly-Ala) 

repeats [58].  The basic structure of B95-8 EBNA1 consists of four obvious domains: an amino 

terminus of 89 amino acids rich in basic residues, a 239-amino acid region consisting of Gly-Ala 

repeats, a short basic domain and a long hydrophobic domain between residues 459-641, which is 

responsible for specific DNA-binding and dimerization [59, 60] (Figure 3). 

      EBNA1 is the only protein expressed by all cells infected latently with EBV [61-64] and plays 

a role in maintaining EBV episomes in the host cells, as well as in the regulation of viral 

transcription [65, 66]. The DNA-binding domain in the C-terminus of this protein can interact 

functionally with two regions in the oriP upstream region of the Cp promoter, including the family 

of repeats (FR) that contains 20 binding sites and the dyad symmetry (DS) that constitutes four 

binding sites, and one region with two binding sites downstream of Qp. EBNA1 binds as a dimer 

to the DS in a sequence-specific manner with intermediate affinity [67, 68], thereby initiating 

replication of the viral episome simultaneously with the host genome during the S-phase of the cell 
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cycle. In connection with cell division, the copies of the viral episome are divided equally between 

the daughter cells, keeping the number of these episomes constant [65, 69-71].  

BasicGly-Ala repeatsBasic DNA-binding

459 604    64133      83 90 328       3821

NH2 COOH

BasicGly-Ala repeatsBasic DNA-binding

459 604    64133      83 90 328       3821

NH2 COOH

 

      Figure 3. The structure of EBNA1 expressed by the B95-8 strain of EBV.   

 

      Binding of multiple dimers of EBNA1 to the FR region with higher affinity than to DS and the 

Q locus up-regulates transcription of the EBNA genes. Expression of these proteins is under the 

control of the Cp promoter or, under exceptional circumstances, the Wp promoter. EBNA1 can 

also bind to the first intron downstream of the Q promoter (Qp), which results in down-regulation 

of the expression of EBNA1 itself [72]. During the latency I state, the Cp promoter is inactive and 

expression of EBNA1 is regulated by Qp downstream of the Cp. The down-regulation of Cp 

involves on cellular transcription factors  and  DNA methylation [73, 74]. 

     The EBNA1 protein has a long half-life [75] since the Gly-Ala repeats block its degradation by 

proteosomes. As a result, expression of EBNA1 in connection with all different forms of EBV-

associated malignancies seldom elicits cell-mediated immune responses [76, 77]. 

 

     1.2.3.2. EBNA2 

 

     EBNA2, which is encoded by the BYRF1 open reading frame, varies in size from 75-105 kDa. 

Sequence variation produces two forms, EBNA2A and EBNA2B, which are the most important 

markers for distinguishing between type 1 and  type 2 EBV [78]. The EBNA2A and EBNA2B 

proteins contain 484 and 443 amino acids residues, respectively, and exhibit 57% sequence 

homology [79, 80]. EBNA2 is one of the first viral proteins to be expressed following the infection 

of primary B lymphocytes, appearing 24-48 hours after infection of in vitro cell cultures [81]. This 

protein is a specific transcriptional activator of viral and cellular genes, including those encoding 

CD21, CD23, Bcl-2 and c-myc [82, 83], and is required for the immortalization of B-cells in vitro 

[84, 85]. 

     EBNA2 does not bind directly to DNA, but influences the relevant promoters via its 

interactions with the recombination signal-binding protein 1 for J-kappa (RBP-Jk), PU1 and other 
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cellular proteins. RPB-Jk serves as a downstream target for the cell surface receptor Notch; the 

product of Notch cleavage is targeted to the nucleus, where it binds to RBP-Jk and can then 

activate transcription. The current model for the role of EBNA2 in transcription involves 

recruitment of this factor to promoters via interactions with the GTGGGAA-binding RBP-Jk 

protein [86-88]. 

 

      1.2.3.3. The EBNA3 family (EBNA 3, 4 and 6) 

 

     The genes for EBNA 3, 4 and 6 (or 3A, 3B and 3C, respectively) are arranged in tandem in the 

middle of the EBV genome and share a similar exon-intron structure. These are large, highly 

hydrophobic nuclear phosphoproteins with sizes ranging from 140-180 kDa. The amino acid 

sequences of EBNA3A, 3B and 3C in type 1 and type 2 EBV exhibit 84%, 80% and 72% identity, 

respectively [89]. These proteins act as transcriptional regulators and can also interact with the 

RBP-Jk proteins [90].  

     EBNA3A contributes to the initiation of cellular proliferation by EBV [91, 92]. EBNA3B can 

up-regulate Bcl-2 and thereby protect cells from apoptosis induced by serum starvation [93], but is 

not essential for B-cell transformation, at least in vitro [94]. Finally, through interaction with 

Cyclin A, EBNA3C functions as an oncoprotein, directing progression of the cell cycle through the 

G1 restriction point into the S-phase. Thus, EBNA3C is essential for the immortalization of B-

lymphocytes [95, 96].   

 

     1.2.3.4. EBNA 5 (or –LP)  

 

     The EBNA-leader protein (EBNA1-LP or EBNA 5) is a nuclear phosphoprotein generated from 

exons in the BamHI W fragments originating from the internal repeat (IR) region of the EBV 

genome. The size of this protein in different isolates varies from 20-130 kDa as a consequence of  

alternative splicing that gives rise to different numbers of repeats [97, 98]. Along with EBNA2, 

EBNA-LP is one of the first proteins expressed following primary infection of B-lymphocytes with 

EBV in vitro [99].  

     Co-expression of EBNA-LP and EBNA2 enhances the transcriptional activation mediated by 

the latter [100, 101]. Together, these proteins can up-regulate the expression of Cyclin D2 and 

thereby  induce the entry of resting B-lymphocytes into the G1 phase [102]. Recent findings reveal 
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that phosphorylation of EBNA-LP at Ser35 is one of the mechanisms regulating its function as a 

co-activator [103]. 

 

      1.2.3.5. LMP1 

 

     The LMP1 protein, transcribed from the BNLF1 region located near the 3’- end of the EBV 

genome, is approximately 60-66 kDa in size, depending on the viral strain [104, 105]. In the B95-8 

strain, this protein contains three domains, i.e., (i) a cytoplasmic N-terminal tail consisting of 24 

amino acids; (ii) six hydrophobic transmembrane domains connected by three external and two 

internal loops and (iii) a carboxy-terminus tail of 200 residues that contains two important 

functional domains [104, 106] referred to as C-terminal activation region 1 (CTAR1, residues  

194-232) and -2 (CTAR2, residues 351-386). Identified as effector motifs involved in the 

immortalization of B-lymphocytes, these regions recruit co-factors for the tumor necrosis factor 

receptor (TNFR). On the basis of these molecular interactions, LMP1 is classified as a member of 

the TNFR superfamily [107, 108].  

     Transformation, metastasis and protection against apoptosis are the three major functions in 

which LMP1 participates (Figure 4). LMP1 is considered to be the product of an oncogene, since it 

can transform rodent fibroblasts, transforms Rat-1 cells in vitro to anchorage-independent growth, 

and is tumorigenic in  nude mice [109]. Expression of LMP1 also exerts significant effects on the 

growth of epithelial cells, inhibiting their differentiation, inducing morphological transformation of 

certain epithelial cell lines [110, 111], and up-regulating their expression of the epidermal growth 

factor receptor (EGFR), which is expressed at high levels by NPC [112]. This induction of EGFR 

expression may contribute to transformation. 

     On the molecular level, CTAR1 interacts with the same proteins as the TNF receptors (TNFR), 

i.e., TNFR-associated factors (TRAFs) that mediate signals from this receptor [113]. TRAFs can 

form heteromeric complexes that, depending on the nature of the receptor, may activate nuclear 

factor-kappa B (NF-kB), induce cellular growth, or induce apoptosis. TRAF1, 2, 3 assemble on the 

TRAF- interaction domain of CTAR1; while the TRAF adaptor protein, TNF receptor-associated 

dead domain (TRADD) and receptor-interacting protein (RIP) also bind to CTAR2, where they 

interact with TRAF2 [114-116].  

     These initial interactions involving LMP1 can activate several important cellular molecules in 

different signaling pathways, including NF-kB, Jun N-terminal kinase (JNK), phosphatidylinositol-

3 kinase (PI3K), JAK/signal transducers and activator of transcription (STAT) (Figure 4). 

Consequently, LMP1 enhances the expression of anti-apoptotic genes such as those coding for B-
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cell lymphoma-2 protein (Bcl-2), A20, activator protein 1 (AP-1), CD40 and CD54, as well as the 

cytokines IL-6 (Interleukin-6) and IL-8 [117]. In addition, LMP1 can up-regulate the expression of 

matrix metalloproteinase 9 (MMP9) and vascular endothelial growth factor (VEGF), that are 

involved in the angiogenesis connected with NPC. 

 

 

  Figure 4. Schematic illustration of the structure of LMP1 and the signaling pathways it activates. Two 
major signaling domains, CTAR1 and CTAR2, located in the C-terminus interact with TRAF and TRADD 
molecules to activate NF-kB, JNK, and PI3-kinase. CTAR2 is responsible for most of the enhancement in 
NF-kB activity (70%) detected by reporter assays, while CTAR1 is responsible for the remainder. (Both 
NF-kB and ATF2 are the transcriptional factors). 
   

     Moreover, LMP1-CTAR1 exhibits an unique capacity to induce the expression of two members 

of the family of inhibitors of DNA binding or of differentiation (Id), i.e., Id1 and Id3 [118]. These 

potent regulators of cellular differentiation and cell cycle progression participate in a key fashion in 

transformation and oncogenesis. It appears likely that this enhanced expression of Id proteins, the 

down-regulation of p27, the increase in Cdk2 activiy and phosphorylation of retinoblastoma (Rb) 

caused by LMP1 are important events in the transformation of rodent fibroblasts, as well as in the 

development of NPC.  
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     1.2.3.6. LMP2A /2B 

 

     The latent LMP2 proteins are encoded by extensively spliced species of mRNA that contain 

exons located at both ends of the linear representation of the EBV genome [119]. The two different 

forms, LMP2A and LMP2B, are transcribed from two distinct promoters and differ only in that 

LMP2A has a 119-amino acid N-terminal cytoplasmic domain not present in LMP2B. Although no 

specific function of LMP2B has yet been established, the strong conservation of the level of 

expression of this protein in different viral strains suggests that it plays an important role in the  

biology of EBV [120].  

     The function of LMP2A was originally examined in B-cells, the primary location for latent 

EBV. However, expression of this protein in a fraction of cases of NPC, as well as in NPC tumors 

passed in nude mice, suggests that LMP2A contributes to the progression of this disease [121, 

122]. Recent investigations indicate that LMP2A profoundly affects the proliferation and 

differentiation of epithelial cells. Although LMP2A is constitutively phosphorylated in B-cells, 

phosphorylation of this protein in epithelial cells is associated with interactions with the 

extracellular matrix [123]. 

 

     1.2.3.7. BARTs  

 

     EBV has been found to express a variety of spliced RNAs transcribed from the region 

between nucleotides 150,000-161,000 on the genetic map of B95-8. These RNAs are referred to 

as complementary strand transcripts, BamHI A rightward transcripts (BARTs), or the BamHI A 

rightward frame (BARF0) RNAs. Several putative open reading frames (ORFs) have been 

identified in among these transcripts including BARF0, RK-BARF0, and RPMS1. BARF0 ORF 

is present in all of the transcripts, while RK-BARF0 contains an extra sequence spliced onto the 

5’- end of BARF0 ORF.  

     RNAs of this type were initially identified in cDNA libraries from NPC [124] and 

subsequently detected in association with all EBV latent states of latency, including in the B-

lymphocytes in the peripheral blood of normal human carriers. At least three of these mRNAs are 

expressed in NPC at levels high enough to be detected by Northern blotting; whereas in lymphoid 

cell lines these same mRNA species are only detectable by Reverse Transcriptase-PCR (RT-PCR) 

[124, 125].  

    Little is presently known about the functions of these BART transcripts and to what extend they 

are translated to proteins. RK-BARF0 has been reported to be involved the Notch signaling 
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pathway in vitro possibly by inhibiting the transcriptional activation induced by RBP-Jk via Notch 

or EBNA2 [126]. Recently, EBV-encoded microRNAs have been shown to modulate expression 

of the LMP1 protein [127]. 

     Another gene located in the right hand of BamHI A fragment, at positions of nucleotides from 

165499 to166189, was identified and termed BARF1 [128]. The expression of BARF1 gene is 

detected frequently in NPC and gastric cancer [129, 130], with 90% of cases of invasive NPC and 

almost 100% of EBV-positive gastric carcinoma, respectively [131]. BARF1 protein, as an 

oncoprotein, contains 221 amino acids and its half-life is greater than 20 hours. This protein is 

capable of immortalizing a monkey kidney epithelial cell line in vitro and of inducing malignant 

transformation in several established cell lines including rodent fibroblast and human B-cell lines 

[131]. Thus, as the LMP1 oncogene, the BARF1 gene could play an important role in epithelial 

oncogenesis. In order to understand oncogenic activity of BARF1 protein, the viral and/or cellular 

genes activated and /or suppressed by the BARF1 protein need to be determined.     

      Interestingly, the BARF1 protein could be identified in serum of the patients with NPC, 

therefore, establishment of viable diagnostic and/or prognostic tests based on this protein will be of 

great benefit for treatment of EBV-associated epithelial cancers [132].  

 

     1.3. Genetic variations in EBV 
 

     As is the case for all herpes viruses, many different strains/variants of EBV are present in the 

human population, differing by sequence polymorphisms at particular genomic loci. Types 1 and 2 

(or types A and B) EBV are distinguishable on the basis of a set of linked polymorphisms in the 

EBNA2, 3A, 3B ad 3C latent genes, whose protein products exhibit 55, 84, 80 and 72% sequence  

identity, respectively. The relative prevalence of these two different types of the virus in different 

human populations and in connection with various diseases remains to be explored in detail. 

Isolation of the virus and sero-epidemiological studies together indicate that type 1 is predominant  

in Western and Asian countries, whereas both types are widespread in equatorial Africa, New 

Guinea and perhaps certain other regions [57, 133].  Type 1 isolates are more potent than type 2 in 

transforming B-cells in vitro. The majority of healthy individuals are only infected with one type,  

but some do carry multiple strains of EBV [121, 134].  

     The genome of three strains of EBV, including two type 1 (B95-8 and GD1) and one type 2 

(AG876) strains, have now been sequenced in their entirety [36, 135, 136]. These were all isolated 

from patients and no strain of EBV obtained from a healthy carrier has yet been fully characterized 
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in this same manner. In these three strains genetic variations were observed in seven genes, i.e.,  

FR, EBNA2, EBNA3A, EBNA3B, EBNA3C, EBNA1 and LMP1 [137].  

     Based on sequencing of single genes or short segment of the viral DNA, several other genetic 

variations in EBV have been detected. For example, variants of the genes for LMP1 [138], LMP2 

[122], EBNA1 [139], FR [140] and BZLF1 [141] are present in different populations with different 

diseases. The most extensive efforts have been focused on determining whether different forms of 

LMP1 can related to the occurrence of cancers associated with EBV [142]. The striking geographic 

differences in the frequencies of EBV-associated diseases could be due, at least in part, to 

geographic differences in the occurrence of subtypes of EBV with different pathological 

properties.  

     Most biological investigations on EBV have been performed on virus obtained from a patient 

with infectious mononucleosis (B95-8). One strain (MABA) obtained from an NPC is largely 

identical to B95-8 [143]. A second viral strain associated with NPC (NPC-KT) has been obtained 

by direct fusion of tumor cells with a human adenoidal epithelial cell line [144]. Both of these 

latter forms can transform lymphocytes in vitro. 

     By employing restriction enzyme analysis to search for variations in the viral genome, specific 

strains have been shown to be prevalent in different populations [145]. A common variant, referred 

to as Cf and detected in 86% of NPC biopsies from southern China, was demonstrated to have lost 

the BamHI cleavage site between the W1’ and I1’ fragments (C variant), frequently in connection 

with an extra BamHI site in the F fragment (f variant). A polymorphism at the XhoI site is also 

present in most Chinese, but not in African cases of NPC [146].  

     Variation in the genes for LMP1 and EBNA1 is correlated with functional differences that may 

play a role in the development of NPC [147-149] by modifying the host-virus relationship in such 

a fashion as to influence the risk for progression. LMP1 is not expressed by latently infected 

peripheral blood lymphocytes, but is present in a considerable proportion of preinvasive cases of 

NPC [150]. Possibly, infected epithelial cells that express certain forms of LMP1 are not 

recognized by the immune system due to epitope changes and thus persist; whereas cells that 

express LMP1 containing epitopes that are presented are eliminated. Such negative selection of 

blood-borne strains by the immune system might be reflected in the striking predominance of the 

China 1 variant in the tumor [151]. However, the information available is still limited, largely due 

to the small sample sizes and inappropriate study design and genetic variations in LMP1 should be 

analyzed in more extensive investigations on EBV strains in various populations in the future.  

     Sequencing of the LMP1 protein expressed in a Chinese EBV isolate, Cao, revealed several 

amino acid substitutions, as well as deletion of a 10-amino acid segment, in comparison to the 
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B95-8 strain. Cells transfected with these two strains differ morphologically and only the Cao 

transfectants induce tumors in nude mice. The enhanced tumorigenic ability of the Chinese strain 

in BALB/c3T3 cells is associated with the 10-amino acid deletion in the C-terminal region [147]. 

Accordingly, XhoI polymorphism involving alterations in amino acid residues in the C-terminus 

and 10-amino acid deletions should all be considered as possible markers in future studies. 

 

    1.4. Antisense therapy 
 

     Over a period of longer than two decades, antisense strategies for gene therapy have been 

expanded from the use of antisense oligonucleotides alone to include the use of ribozymes and, 

more recently, small interfering RNAs (siRNAs). Antisense therapy has gone through phases of 

high expectations and sudden disappointments, while maintaining its attraction as a promising 

approach. With the discovery of interference RNA (RNAi) and development of approaches for 

their delivery, more preclinical and clinical investigations designed to evaluate the value of 

antisense therapy on humans are expected to be reported in the near future. In our research, we 

have focused on the development of therapeutic antisense oligonucleotides.  

 

     1.4.1. Properties of antisense oligonucleotides  

 

     In order to maintain its functions, homeostasis and existence, a cell must coordinate the 

expression of thousands of genes simultaneously. To be expressed, a gene must first be transcribed 

into messenger RNA (mRNA) and subsequently translated into the corresponding protein (Figure 

5). By definition, this mRNA is the “sense” strand and any complementary sequence is 

“antisense”. Antisense oligonucleotides, single-stranded RNAs 18-25 bases in length, are designed 

to “switch off” specific gene expression by base-pairing in a complementary fashion with specific 

mRNAs, thereby enhancing their degradation (see below) (Figure 5). In this manner the product of 

a specific gene can be eliminated from the cell, while all other proteins are present at normal 

levels.   

     Attaining stability and an efficient means of delivery, prerequisites for the effective therapeutic 

use of oligonucleotides, has proven to be a serious obstacle, due to the large size of these 

molecules. Numerous chemical modifications and approaches to delivery have been developed in 

attempt to overcome these obstacles [152]. To this end, the first generation of antisense agents 

contained backbone modifications, e.g., replacement of the oxygen atom in the phosphate linkage 

by sulfur (phosphorothioates) or substitution with a methyl (methylphosphonates) or amino 
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(phosphoramidates) group. Unfortunately, the resulting binding affinities to the target sequences, 

specificities, and uptake by cells are unsatisfactory. 

 

 

 

 

 

 

 

 

 

 

  Figure 5. The primary mechanisms of action of antisense oligonucleotides (adapted from reference 156). 

 

 

     The second generation of antisense oligonucleotides was modified in attempt to improve these 

properties, with addition of an alkoxyl group (e.g., methyl or methoxyethyl group) at position 2 in 

the ribose moiety being one of the most successful of these modifications. Such 2'-O-methyl and 

2'-O-methoxyethyl derivatives can be also be provided with phosphorothioate linkages [153]. The 

third generation contains other structural elements, such as zwitterionic oligonucleotides 

(possessing both positive and negative charges); locked nucleic acids/bridged nucleic acids [154]; 

peptide nucleic acids (PNAs) (with a pseudopeptide backbone) [155]; and, more recently, hexitol 

nucleic acids [156] (Figure 6). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Structures of synthetic oligonucleotides: (A) phosphorothioate. (B) 2'-O-methyl 
phosphorothioate; (C) 2'-O-aminopropyl phosphodiester; (D) locked/bridged nucleic acids (LNA/BNA); 
(E) phosphoramidate; (F) morpholino; (G) peptide nucleic acid (PNA); (H) hexitol nucleic acid (HNA). 
(adapted from reference 150)  
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      All of these modifications confer enhanced resistance nuclease(s), more specific binding and, 

in the case of PNA and morpholino modifications, more effective cellular uptake. However, the 

ability of these oligonucleotides to induce cleavage by RNase H was abolished by these alterations. 

Therefore, chimeric oligonucleotides containing an unmodified RNase H-susceptible core flanked 

by modified nuclease-resistant nucleotides have recently been synthesized and employed in a 

number of investigations [157], including clinical trials. 

 

     1.4.2. Mediation of the antisense effects 

 

     Antisense oligonucleotides can inhibit translation of mRNA in several ways, the most important 

of which appears to involve endogenous RNase H (Figure 5) [158]. This enzyme recognizes the 

mRNA-oligonucleotide duplex and cleaves the mRNA strand selectively, resulting in the release of 

the modified, intact antisense oligonucleotides, which can then bind to other target mRNA 

molecules. Oligonucleotides chemically modified by phosphorothioation are especially effective in 

activating sequence-specific digestion of target mRNA molecules by RNase H. The specificity of 

this mechanism forms the basis for a new class of drugs with a wide range of potential clinical 

applications, most of which involve attempts to reduce the expression of undesirable, disease- 

associated proteins.    

     Another mechanism by which antisense nucleotides act involves blockage of ribosomal access 

to the target mRNA and consequent suppression of ribosomal assembly and diminished translation 

of the target proteins. Alternatively, oligonucleotides that are resistant to RNase H and targeted 

toward a specific exon-intron junction may prevent splicing at this site, thus redirecting splicing of 

the pre-mRNA to a more favorable site. 

 

     1.4.3. Systems for delivery of antisense oligonucleotides 

 

     Enhancement of cellular uptake and targeting to specific organs and/or cell types are the major 

goals of presently ongoing antisense research. Because of their hydrophilicity and large size, it is 

extremely difficult for oligonucleotides to permeate cell membranes passively. Consequently, these 

molecules are taken up by cells primarily via endocytosis, following which only a small portion of 

the oligonucleotides are able to escape from the endosomes/lysomes and bind to the target mRNA 

present in both the nucleus and cytoplasm.  

     Even after two decades of research, safe, efficient and specific delivery of oligonucleotides in 

vivo still remains a major barrier to the clinical success of antisense therapies. Cationic liposomes 
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(such as lipofectin and the like) and electroporation are commonly used to get these molecules into 

cells in vitro. A large variety of liposomes designed to facilitate antisense delivery have been 

developed and some of these are currently being used in clinical trials [159]. More recently, 

nanoparticles and oligonucleotide conjugates have been reported to improve cellular uptake, 

biodistribution, and targeted delivery, especially in connection with cancer treatment [160, 161]. 

Hydrodynamic injection into the tail vein is a highly effective means of delivering oligonucleotides 

to the liver of rodents [162]. Moreover, topical application of oligonucleotides to patients results in 

satisfactory profiles of uptake and distribution [163, 164]. However, interestingly, most antisense 

oligonucleotides of therapeutic value in animal models and in patients are administered in the form 

of naked molecules, despite this impressive progress in antisense delivery. 

 

     1.4.4. Targeting 

 

     Use of the antisense approach in the fields of, in particular, oncology, immunology, cardiology 

and infectious disease, employing both in vitro and in vivo systems, has yielded novel insights into 

the function of genes involved in a wide range of processes, from fundamental events such as cell 

proliferation and differentiation to complex animal behavior. The first antisense oligonucleotide 

drug, Vitravene, was approved by the Food and Drug Administration (FDA) of the USA in 1998 

for use in the treatment of retinitis caused by human cytomegalovirus (HCMV) infection in 

patients with AIDS. To date, cancer is the major target of ongoing clinical trials using antisense 

therapies, followed by human immunodeficiency virus (HIV) and other immune-related diseases  

[165].  

     The profile of gene expression by malignant cells differs from that of their normal counterparts, 

so that efficient inactivation of cancer cell-specific mRNAs with complementary sequences can, 

hopefully, effectively and selectively kill tumor cells without affecting the functions of normal 

cells. This tissue selectivity of antisense oligonucleotides contributes to their safety and low degree 

of toxicity and has stimulated their rapid development. Examples of this include antisense 

oligonucleotides designed to target Bcl-2 mRNA for treatment of melanoma and B-cell lymphoma, 

protein kinase A mRNA for treatment of small cell lung cancer and DNA methyltransferase 

mRNA for the treatment of solid tumors. 

     Most antiviral agents that interrupt the cycle of viral replication also disturb the replication of 
host cells, causing serious problems. Antisense oligonucleotides are attractive as potential antiviral 
agents for several reasons, including the facts that the genomes of viruses are much smaller than 
that of human cells, which renders the choice of viral targets relatively straightforward, and that 
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viral genomic sequences are sufficiently different from those in the host DNA to allow highly 
specific targeting. Antisense oligonucleotides have been used to treat a variety of viral infections 
and Vitravene (also mentioned above) is a successful example of this approach. 
     Although the precise role played by EBV in the initiation and progression of NPC remains 
unclear, targeting this virus has been proposed as a strategy for treatment of NPC, as well as of 
certain other EBV-related malignancies [166]. Inhibition of the expression of the two key EBV 
genes expressed in connection with NPC may prevent replication and transcriptional activation of 
the viral DNA, thereby reducing both the viral load and transforming ability, leading to disruption 
of the malignant phenotype and inhibition of the growth of NPC.  
 
      1.4.5. Alternative to Oligonucleotides: small interfering RNA 
 
      In recent years, there has been a tremendous increase in interest in small interfering RNA 
(siRNA), which is a double-stranded RNA (dsRNA) molecule of 21-25 bp in length. Initially, 
siRNAs were identified in Caenorhabditis elegans and subsequently found active in specific gene 
silencing in many other organisms including mammalian cells. The mechanism of siRNA, unlike 
antisense oligonucleotides, as shown in Figure 7, is that siRNAs first unwind, and the antisense 
strand binds to the target mRNA and recruits RNA-induced silencing complex (RISC). The sense 
strand is released from RISC, and RISC catalyzes the mRNA cleavage [167].  
 

 

 

 

 

 

 

 

 

 

 

 

             
                           
Figure 7. Mechanism of siRNA. (adapted from reference 165). 

 

 
 
      The gene silencing efficiency of siRNA has reportedly been greater than antisense 

oligonucleotide in general, typically reaching 80-90%. However, the maximal effects of optimal 
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antisense oligonucleotides and siRNAs targeting the same mRNA sequence are comparable. In 

vitro, the effect of siRNAs are longer lasting than of antisense oligonucleotides because siRNAs 

are more stable in fetal calf serum, human plasma, and cell cultures [168]. Small interfering RNAs 

are being used because of their stability and specificity, but it is not clear how effective they will be 

in systemic injections or oral delivery. By using a transient transfection with luciferase reporter 

assay and Western blotting analysis, we found one siRNA (with a very low concentration) that can 

inhibit EBV-LMP1 expression at 90% in both luciferase activity and LMP1 protein level in 

comparison with control (data not shown). 

 

     1.5. Epigenetic factors in connection with NPC 
 

      1.5.1. Basic principles 

 

     Epigenetic processes can result in gene silencing with no alterations in the nucleotide sequence 

of the gene itself. Like genetic changes, certain types of epigenetic changes are inheritable and can 

be transmitted from one generation of cells to the next. Three epigenetic factors presently attracting 

much attention are DNA methylation, histone modification and nucleosome remodeling. The two 

latter processes involve alterations in proteins.  

     Today, the human genome is thought to contain approximately 23,000 genes that give rise to 

perhaps 3-4 times as many proteins that must be expressed in specific combinations at precise 

time-points in different cells. Eukaryotic DNA is wrapped around clusters (octamers) of globular 

histone proteins to form nucleosomes [169], which are linked together to make the chromatin. 

When the structure of this chromatin is condensed (silent), genes may become unavailable for 

transcription and thus inactivated (switched off); whereas open (active) chromatin allows genes 

to be expressed (switched on).  

     These dynamic states of chromatin are controlled by reversible, epigenetic patterns of DNA 

methylation and modifications of histones, processes that are necessary for the normal 

development and growth of cells. However, when these epigenetic control mechanisms become 

aberrant, they may influence pathological processes, as has been found in certain cases of cancer, 

genetic disorders and pediatric syndromes, as well as contribute to autoimmune diseases and 

aging. Epigenetic changes can be influenced by the environment [170]. Accordingly, epigenetic 

therapy is of high, but as-yet-unexplored potential value and is thought to be more easily 

reversible by pharmacological intervention than are genetic changes [171-173].  
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     1.5.2. DNA methylation 

 

     Biologically, methylation of DNA occurs only on cytosine bases located 5’ to a guanosine, i.e., 

in a CpG dinucleotide. Following DNA synthesis, a methyl group is transferred enzymatically 

from the donor S-adenosylmethionine to the 5’-carbon atom of certain of such cytosine residues. 

The CpG dinucleotide is relatively uncommon throughout much of the genome, but short regions 

(0.5–4 kb in length) possess a high content and are known as CpG islands. Most CpG islands are 

found in the proximal promoter regions of almost half of the genes in the mammalian genome and, 

in general, are unmethylated in normal cells [174]. Cytosine in other nucleotide sequences may 

also be methylated, but this usually occurs at a much lower frequency (Figure 8). 

 

 

 

 

 

 

 

      

 

 

 

 

 

 
        
Figure 8. One mechanism of gene silencing by DNA methylation. A. CpG dinucleotides in the promoter 
region are unmethylated, allowing transcription to occur in normal cells. B. Transcription is blocked by 
hypermethylation in the promoter region. 

 

 

     Hypermethylation of CpG islands in promoter regions is the most well-categorized epigenetic 

change associated with tumorigenesis, being present and causing inappropriate transcriptional 

silencing of genes in virtually every type of human neoplasm. Although the total genomic content 

of 5’-methylcytosine in normal tissues decreases with age, the degree of methylation of certain 

CpG islands increases at the same time. From a clinical perspective, alterations in DNA 

methylation in cancer cells present an attractive therapeutic target, but at present, the greatest 
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medical impact of this new knowledge appears to be in the area of molecular diagnostics, i.e., early 

detection of disease employing PCR to monitor DNA methylation.  

   There are two common mechanisms by which CpG methylation can turn off a promoter. First, 

such methylation can inhibit the binding of certain factors to their recognition sequences on DNA 

(Figure 8B). Although this mechanism appears to be relatively uncommon, one example is found 

in EBV, where methylation of a single CpG within the CBF1 or BSAP/Pax5 recognition site 

blocks the binding of these two proteins to the Cp or Wp promoter, respectively [175]. Secondly, 

specific methyl-CpG-binding proteins (MeCPs) may become associated with the methylated CpG 

islands and recruit histone deacetylase complexes to this location, resulting in removal of the acetyl 

groups from the N-termini of histones in the vicinity and, consequently, in a more condensed 

chromatin structure that does not allow transcription factors access to this region of the DNA. Most 

genes silencing by methylation is mediated in this latter manner. 

     The family of proteins that mediate this second mechanism contain binding domains of 

approximately 70 amino acids that recognize and bind preferentially to methylated CpG groups 

irrespective of the adjacent nucleotide sequence. These proteins also contain a transcriptional 

repression domain, which forms a complex with a variety of co-repressor molecules and histone 

deacetylases. When this complex binds to methylated DNA, histone molecules in the vicinity are  

deacetylated and the surrounding chromatin structure become mores condensed  [176-178]. 

 

     1.5.3. Histone modification 

 

     Histones can be modified in a number of different ways, e.g., by acetylation, methylation, 

ubiquitination and phosphorylation [179]. Acetylation of lysine residues, catalyzed by histone 

acetyltransferases (HATs), is associated with activation of gene transcription; while  

deacetylation by histone deacetylases (HDACs) results in silencing [180, 181]. To date, three 

classes of HDACs containing at least 11 isozymes have been identified [182]. The relationship 

between methylation of DNA and modifications of histones is now well established [183]. For 

example, DNA methyltransferases can bind to and influence the activity of HDACs [184]. As 

already mentioned, methyl-CpG-binding proteins (MBPs) recruit HDACs and mutations in 

MBPs can disrupt this recruitment. For example, mutations in the MBP appear to be involved in 

the pathogenesis of the Rett syndrome, a neurodevelopmental disorder [185].  

    Recently, a third epigenetic mechanism for controlling gene expression, RNA-associated 

silencing of genes, has attracted much interest [183]. Various forms of RNA, including antisense 
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transcripts, non-coding RNAs, or RNA interference (RNAi) can mediate transcriptional silencing 

by facilitating modifications of histones and methylation of DNA [183].  
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2. AIMS OF THE PRESENT STUDY 
 

    The present study was designed to accomplish the following:  

• to characterize the genetic variant of EBV that may be associated with the pathogenesis 

of NPC in South-East Asia; 

• to identify, using both in vitro and in vivo approaches, antisense oligonucleotides that 

can be effectively employed for the prevention and treatment of NPC in a high-risk 

population; and  

• to determine whether the methylation status of host cellular CDH13 and EBV genes 

can provide a useful molecular marker for early diagnosis of NPC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3. RESEARCH APPROACH 

(For greater detail, see the individual papers) 

    3.1. Biological material 

     The cell lines used here are maintained routinely in our laboratory. Murine NPC tissue suited 

for implantation into SCID mice was kindly supplied by Professor Pierre Busson at the Institute 

Gustave Roussy in Villejuif, France (ethical permission number 00-302). NPC biopsies, peripheral 

blood and swabs were collected either at the National Cancer Institute in Hanoi, Vietnam (with 

ethical permission from Hanoi Medical University) or at the First Affiliated Hospital of Guangxi 

Medical University (ethical approval 00-312 in Stockholm, Sweden, and from the local committee 

for ethics in China). 

    3.2. Methodological considerations  

     3.2.1. Extraction of DNA and RNA  

     DNA was extracted from biopsies and cell lines employing the phenol-chloroform procedures, 

which provides DNA of good quality for PCR and sequence analysis, as assessed on the basis of 

optical density (OD). In the case of the blood, extraction of DNA involved three major steps, i.e., 

lysis of red cells, lysis of white cells and DNA purification by routine protocols. The RNA was 

extracted with Trisol in accordance with the manufacturer’s instructions.  

     3.2.2. PCR and sequence analysis (Papers I and II) 

     EBV genes were amplified from genomic DNA employing PCR with specific primers. The 

nucleotide sequences of the products thus obtained were usually analyzed with direct sequencing 

strategies. FR were first cloned into the TOPO vector (Invitrogen), then amplified and finally, 

sequenced.  All sequence analysis was performed with the ABI PRISM BigDye Terminator Cycle 

Sequencing Ready Reaction Kit (PE Applied Biosystems, Foster City, CA, USA). 

     3.2.3. Plasmid construction and cloning (Paper II) 

     Plasmids originally containing EBNA1 and FR originating from the B95-8 strain of EBV were 

modified by replacing the C-terminus of EBNA1 and the entire FR with the corresponding regions 

of EBV present in biopsies of Vietnamese NPC. For this purpose, the specific restriction enzymes 

were selected, e.g., Apa1 for EBNA1. The empty vector or vector containing the N-terminus of 



 

EBNA1 was constructed as negative controls. All cloning results were confirmed by restriction 

enzyme digestion, sequence analysis, and/or protein analysis by Western blotting or with a 

luciferase reporter system.  

    3.2.4. Functional assays (Papers II and III) 

    3.2.4.1. Transfection 

    Transfection, i.e., the introduction of plasmid DNA into monolayers of epithelial cells archived 

here employing the cationic lipid approach (Lipofectin or Lipofectinamine 2000) for monolayer 

cells (epithelial cell lines). The efficiency of such transfection is dependent on various factors, 

including the nature of the cell line, confluency, time-point for transfection, amount of DNA or 

antisense oligonucleotide employed, concentration and nature of the chemicals used and the period 

of treatment. In each case, the beta-Gal plasmid was also introduced as an indicator of the 

efficiency of transfection and for normalization of luciferase activity.  

     3.2.4.2. Assays of promoter-driver luciferase activity   

     The luciferase reporter system was used to assess the transcriptional activity of EBNA1 on 

FR (Paper II), as well as to determine the extent of inhibition of the expression of EBNA1 and 

LMP1 by antisense oligonucleotides in vitro (Paper III). The Luciferase Assay Kit provides a 

rapid, sensitive, and quantitative measurement of the activity of the reporter enzyme American 

firefly luciferase in cultured mammalian cells. As few as approximately 105 luciferase molecules 

can be detected under optimal conditions and background activity is low, since mammalian cells 

do not contain a luciferase gene. 

     3.2.5. Monitoring gene expression (Paper II and IV)  

    3.2.5.1. Reverse Transcriptase-PCR 

    The mRNA present in total RNAs extracted from NPC cell lines was first converted to cDNA 

with AMV Reverse Transcriptase. Subsequently, this cDNA was used as template for 

amplification by PCR, with GAPDH mRNA as an internal control.  

     3.2.5.2. Western blotting  
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     Western blotting involves separation of denatured proteins by gel electrophoresis and 

subsequent semi-quantification of a particular protein(s) employing specific antibodies. The levels 

of expression of the EBNA1 proteins in different clones were compared using this procedure. 

     3.2.6. Detection of specific sites of methylation (Paper IV)  

     3.2.6.1. Treatment with bisulfite, followed by performance of methylation-specific PCR 

(MSP) 

     The various techniques presently available for analyzing the state of DNA methylation 

provide information at different levels, from genome-wide methylation to methylation of single 

residues in specific genes. Each of these techniques has limitations that may strongly influence 

interpretation of the data. Treatment with bisulfite followed by MSP is widely used to examine 

methylation in specific genes, e.g., in promoter regions. 

     Treatment of genomic DNA with sodium bisulfite effectively converts unmethylated cytosine 

residues to uracil, without altering methylated cytosine. This approach requires prior denaturation 

of DNA, since only cytosine bases located in single strands are susceptible to attack. Preferential 

deamination of cytosine by bisulfite involves sequential sulfonation, hydrolytic deamination, and 

alkaline desulfonation and results in two DNA strands that are no longer entirely 

complementary. Thus, the C- to U- conversions induced in DNA by bisulfite represented sites of 

methylations.  

    Although bisulfite-treated DNA can be used directly as a template in standard PCR procedures 

(by which all uracil (formerly unmethylated cytosine) and thymine residues will be amplified as 

thymines and only 5’-methylcytosine residues will be amplified as cytosine), design of 

appropriate primers is critical and complex. Since the treated DNA strands are no longer 

complementary, primers must be designed individually for each chain, always keeping the 

following requirements in mind: (i) the annealing temperature of both primers must be similar and 

always between 55°C and 65°C; (ii) the size of the PCR product should be between 80 and 175 bp; 

(iii) each primer should contain at least two CpG pairs; (iv) the sense primer should contain a CpG 

pair at its 3′-end; and (v), in order to avoid false positives (i.e., amplification of unmethylated, 

unmodified DNA), each primer should contain cytosine residues other than those located in CpG 

dinucleotides. 

   The high sensitivity of this method allows analysis of the state of methylation of even small 

samples of DNA, including samples from paraffin-embedded or microdissected pieces of tissue. 

However, the most severe limitation of the bisulfite approach is incomplete conversion of 

cytosine to uracil, which may seriously affect its reliability.  
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     3.2.6.2. Sequencing DNA that has been treated with bisulfite 

     Sequencing of bisulfite-altered DNA is the most straightforward means of identifying 

methylated cytosine residues. In general, following denaturation and modification with bisulfite 

double-stranded DNA is formed again by primer extension and the fragment of interest is 

amplified by PCR. Methylcytosine can subsequently be detected by standard sequencing of the 

PCR products. Alternatively, cloning of these PCR products into plasmid vectors followed by 

sequencing of individual clones, although slower, can provide information concerning the 

methylation of individual DNA molecules, rather than the average values for populations of 

molecules that are obtained by direct sequencing of the PCR products. 
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4. RESULTS AND DISCUSSION 

 4.1. Genetic variations in EBV associated with NPC (Papers I and II) 

      The demographic distributions of NPC and other EBV-associated malignancies have lead to 

attempts to determine whether different strains of this virus with distinct biological properties 

contribute to differences in disease incidence. The DNA of many strains or variants of EBV has 

been (usually only partially) characterized by restriction mapping, Southern blotting and/or 

nucleotide sequencing [40, 186, 187]. The selective forces that may give rise to variations in the 

sequence of the EBV genome are not well understood and remain controversial.   

      In the present work, we employed sequence analysis to characterize variations in certain 

important genes of EBV isolated from patients with NPC. In association with this disease, the 

EBNA1, LMP1, and LMP2 proteins of EBV, which play important roles in infection, are 

expressed. Accordingly, using fresh biopsies from patients with NPC living in Vietnam and 

southern China, where the incidence of NPC associated with this virus is moderately high, we 

determined the nucleotide sequences of the entire LMP1 gene (including promoter regions and 

coding sequences), functional domains of EBNA1 (the N and C-termini), as well as EBNA1’s 

binding sites in the FR (family of repeats) and Q locus; and the portion of the LMP2A encoding 

the N-terminus, in virus isolated from the same samples. With the exception of the Q locus, 

nucleotide substitutions were observed in all of the regions sequenced, in comparison to the 

corresponding of the B95-8, GD1 and AG876 strains. In particular, EBNA1, FR and LMP1 

contain several such differences that could be classified as different variants.  

     Expression of EBNA1 is essential for enhancement of viral transcription and activation of viral 

replication, including maintenance of the viral genome by binding to the FR (family of repeats) 

and DS (dyad symmetry) in oriP (latent origin of replication), as well as to the Q locus downstream 

from the Q promoter. Our sequencing of the EBNA1 gene revealed the presence of the V-val-v1 

(Vvv1) subtype of protein in all samples but one, which contained the Vvv2 subtype (see Paper II). 

Genetic variations were also found in the FR, but not in the binding site of the Q locus. 

Interestingly, all samples exhibited extensive variation in their FR sequence, whereas the DS 

sequence varied much less (data not shown).   

     In order to explore functional effects of sequence variations in EBNA1 and FR, the region 

encoding the DNA-binding fragment at the C-terminus of EBNA1 and all of the FR were cloned 

into different expression vectors. Using a luciferase reporter system, combinations of EBNA1 

and FR derived from Asian isolates were shown to produce a higher rate of transcription than 

that supported the corresponding sequences from the B95-8 strain. Furthermore, this activity was 
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higher when EBNA1 and FR originated from the same, as apposed to different isolates. In 

contrast, the effect of this Asian variant of EBNA1 on the negative regulatory element of Qp was 

reduced in comparison to that of the prototype B95-8 strain.  

     These observations indicate that Asian variants of EBNA1 and FR support a rate of 

transcription that is higher than in the prototype B95-8 strain. This constitutes the first report of a 

functional difference in transcriptional activity between Asian and B95-8 strains. Such 

differences may influence the risk for virus-associated disease, in this case NPC.  

    Our nucleotide sequence of the LMP1 gene in EBV isolated from three Vietnamese patients 

with NPC is almost identical to that of the China 1 variant [138, 188], while the corresponding 

sequence in two of our other samples closely resembled that encoding the C-terminus in the Thai 

SEA-2 variant [189]. In one of these latter cases the EBV was of type 1 and in the other of type 2, 

as identified using PCR primers specific for EBNA2A and EBNA2B. Multiple studies have 

confirmed that sequence variations in LMP1 are independent of sequence variations in EBNA2 

and EBNA3, i.e.,  of the EBV type [145].  

     In addition to these alterations in the nucleotide sequences of the genes encoding EBNA1, 

LMP1 and LMP2A, we found that the type 2 EBV demonstrated that certain other specific changes 

in all three of these genes in comparison to B95-8 strain, i.e., variant V2 of LPM1, alterations in 

the N-terminus of LMP2A (Paper I) and the Vvv2 subtype of EBNA1 (Paper II). Those changes 

may prove to be useful as markers for classification of EBV strains/variants in the future. 

     Strains carrying such variations in the LMP1 sequence have been suggested to exhibit more 

aggressive phenotypes and a 30-bp deletion in this particular sequence is also associated with 

enhanced transforming ability and tumorigenicity [147, 190]. In contrast, other investigators have 

concluded that alterations in key amino acid residues of LMP1 do not alter the ability of the virus 

to transform cells in vitro or affect the signaling properties of LMP1 [191]. Variations in the 

EBNA1 and LMP1 proteins may also influence epitope recognition by the immune system and, 

thereby, the effectiveness of immunological responses to EBV.  

 4.2. The design and effects of antisense oligonucleotides directed towards EBNA1 and 

LMP1 (Paper III). 

     We wanted to identify antisense oligonucleotides that could effectively silence the expression of 

EBV genes and examine their effects on the infected cell, with the ultimate aim of preventing 

NPC. Certain groups have already achieved silencing of EBV genes in vitro with antisense 

oligonucleotides [192]. For this purpose, we targeted two important genes, i.e., those encoding 

EBNA1 and LMP1, which, as described above, demonstrate variations in their nucleotide 
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sequences. Eight and seven antisense oligonucleotides targeting EBNA1 and LMP1, respectively, 

were designed on the basis of the B95-8 sequences, being careful to avoid sites at which sequence 

variation in other strains/variants are documented in databases and/or were observed here (see 

above). Transfection of the luciferase reporter system into NPC cell lines was used to screen the 

effects of these oligonucleotides. Two of our antisense oligonucleotides, E1A3 (EBNA1) and 

LAS7 (LMP1), potently inhibited the expression of luciferase, as determined by activity assays and 

Western blotting. In addition, both the activity and levels of EBNA1 or LMP1 proteins were down-

regulated significantly by these antisense oligonucleotides.  

     In addition, in Hela cells transfected with a vector designed to promote tetracycline-dependent 

expression of LMP1, our antisense oligonucleotides inhibited LMP1-induced activation of NF-kB. 

Simultaneous treatment with two antisense oligonucleotides inhibited the proliferation of NPC 

cells, in addition to the expression of EBV genes. The growth of C15 NPC tumors transplanted 

into to SCID mice was affected after subcutaneous injection of antisense oligonucleotides directed 

against EBNA1 and LMP1 compared to the control group that sense oligonucleotides were 

injected. Our findings emphasize future therapeutic potential, suggesting that the synergistic effect 

of anti-EBNA1 and anti-LMP1 antisense oligonucleotides might prove to be of value in treating 

and preventing NPC.  

     4.3. Aberrant methylation of the promoter of the CDH13 gene in association   associated 

with NPC (Paper IV) 

     The CDH13 gene encodes one member of the superfamily of cellular adhesion molecules [22] 

and is silenced in various tumors by 5’-CpG methylation of the promoter region. Therefore it has 

been proposed that CDH13 may act as a tumor suppressor gene [193]. Here, we show that the level 

of CDH13 expression in both NPC cell lines and biopsies correlates well with the state of promoter 

methylation. In the C666-1 cell line, where CDH13 expression is silenced, expression of this 

protein could be dramatically restored by demethylation of DNA with 5-aza-dC, indicating that 

DNA methylation is a potent regulator of this process. 

     In biopsies of NPC, the frequency of CDH13 methylation is strikingly high (89.7%), whereas 

only one of 10 (10%) samples of normal nasopharyngeal epithelia exhibited such methylation 

(p<0.05). The methylation-specific PCR (MSP) primers we employed covered the CpG sites that 

are most frequently methylated in other types of tumors. The results for NPC were confirmed by 

sequencing after bisulfite treatment. These observations suggest that CDH13 is a common target 

for methylation and epigenetic gene silencing in connection with NPC.  
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     Since CDH13 can change the invasive morphology of breast cancer cells to a more normal 

appearance, we explored the possibility that the state of CDH13 methylation is correlated with the 

metastatic properties of NPC. However, we failed to see any such correlation to the stages of 

Tumor-Node-Metastasis (TNM) (classified according to the criteria proposed by the International 

Union Against Cancer, UICC) in our samples. CDH13 may play a role at an early time-point in the 

pathogenesis of NPC, which would be consistent with the observation that CDH13 methylation 

occurs at an early stage in the multistage process leading to colorectal cancer and adenomas. The 

lack of a direct correlation between CDH13 methylation and metastasis in connection with NPC is 

not surprising, since tumor metastasis is a complicated process involving numerous genes 

participating in a diversity of pathway s.  

     Monitoring of molecular markers in the body fluids of cancer patients is being used more and 

more commonly for early detection and diagnosis, e.g., detection of bladder cancer by monitoring 

the urine, of lung cancer by examining sputum and of ovarian cancer by characterizing the 

peritoneal fluid. According to our own experience, as well as reports from several other research 

groups, detection of tumor DNA in the peripheral circulation or mouth rinses is not very sensitive. 

The fact that NPC is a surface mucosal tumor at an assessible location allows the use of 

nasopharyngeal swabs in this case. Moreover tumor cells detach more easily than normal epithelial 

cells, especially when cell-cell adhesion is disturbed.  

     In our hand, the MSP technique was extremely powerful, allowing the detection of as little as 

two copies of methylated alleles against the background of unmethylated alleles. The sensitivity of 

this procedure was improved further by combining it with a protocol for bisulfite treatment 

modified according to Olek [194]. Methylation of the CDH13 promoter was detected in 81% of the 

swabs from NPC and none of the control swabs. This high degree of correlation renders this 

approach to the detection and diagnosis of NPC highly promising.   
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5. CONCLUDING REMARKS AND FUTURE PERSPECTIVES  

     This research involved three questions related to NPC, i.e., genetic changes in EBV and 

their functional consequences, treatment of NPC with antisense oligonucleotides directed 

against the EBV genes encoding EBNA1 and LMP1, and detection/diagnosis of NPC on the 

basis of the state of methylation of the CDH13 promoter. The conclusions we draw are the 

following:  

     1. In comparison to the B95-8 strain of EBV, variations were observed in the nucleotide 

sequence of all of the genes studied, except for the Q locus, in our EBV isolates from 

Vietnamese and/or Chinese patients with NPC. The V1 variant of LMP1 is identical to a 

common China 1 variant, whereas variant V2 is partially homologous to the GD1 strain, but 

the sequence of the coding region is similar to the corresponding sequence in the SEA-2 C-

terminus of the LMP1 variant from Thailand. Thus, V2 appears to be a recombinant form of 

the EBV variant present in Vietnam, South-East Asia and China. 

     The variations in the EBNA1 sequence observed in our isolates are similar to Chinese 

variations, which have been subtyped, but the variations in the FR gene are more complicated 

and have not been classified previously. The rate of transcription supported by EBNA1 and FR 

DNA from our Vietnamese EBV is higher than that observed in the B95-8 strain, implying that 

this viral genetic variation may influence the risk for EBV-associated disease, in particular 

NPC. 

   In addition to variations in the EBNA1, LMP1, LMP2A and EBNA2 genes, we found that 

one of five samples studied contained type 2 EBV with certain specific amino acid changes 

that may prove useful for the future detection and classification of EBV strains/variants.  

     2. Antisense oligonucleotides directed against the genes encoding EBNA1 and LMP1 

efficiently inhibit (by 90% and 85%, respectively) the expression of these proteins in vitro. 

This inhibition was maximal 24 hours after transfection and persisted for longer than 60 hours. 

Combined transfection with EBNA1 and LMP1 antisense oligonucleotides synergistically 

inhibited the expression and activities of these gene products. Moreover, the growth of C15 

NPC xenografts in mice was suppressed by subcutaneous injection of these antisense 

oligonucleotides, opening the possibility that this approach might be used as a valuable 

complement to established strategies for treatment and prevention of NPC.  

     3. Methylation of the CDH13 promoter was observed in 81% of nasopharyngeal swabs 

from patients with NPC, but none of the control swabs, suggesting that such methylation 

can be utilized as a marker for early diagnosis. 
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     In order to explore genetic and epigenetic alterations in EBV associated with NPC in 

more detail, we will investigate larger numbers of samples, in attempt to identify those 

alterations in both EBV and cellular genes that can be employed to diagnose NPC. 

Subsequently, we will attempt to elucidate the relationship between these genetic and 

epigenetic alterations and pathogenesis of this form of cancer.  
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