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                                                                     “EBV transforms cells.” 
 
                                                                     ---Professor Sir M. Anthony Epstein, 
                                                                     when he first  read the report of lymphomas                     
                                                                                 arising in immunocompromised individuals,        

                evidenced with the in vivo transforming         
ability of our favorite herpesvirus.  

 
 
 
 
 



Abstract 

Epstein-Barr virus (EBV) is a ubiquitous human herpesvirus which infects more than 90% of individuals in the population, and 

has been shown to be associated with a variety of human tumors.  The viral genome encodes a number of transforming proteins 

which enable the virus to efficiently immortalize B lymphocyte and also transform cells of other types. Among the viral genetic 

products, a membrane integral latent infection protein, latent membrane protein-1 (LMP1) is of particular interest, since it 

possesses in vitro transforming ability and is expressed in more than two-thirds of EBV positive nasopharyngeal carcinoma 

(NPC), which arises in immunocompetent hosts. Because of the distinctive geographic distribution and ethnic prevalence of NPC, 

strain variations of EBV carrying mutations in LMP1 have been investigated to correlate its presence in malignancy. Enhanced 

ability in transducing cellular signals as well as altered immunogenicity have been identified in LMP1 variant genes isolated from 

NPC specimens originating from the endemic regions. In the present study, a comparison of immunogenicity as related to the 

status of LMP1 expression in NPC biopsies has been made. Our data (Paper I) show that LMP1 strains from LMP1-positive NPC 

contain more sequence variations than those from LMP1-negative NPC, and are less immunogenic. These results suggest a viral 

escape from host immune surveillance through genetic mutation in NPC. Modulation of host cell apoptosis is a strategy utilized 

by viruses to escape host immunity. LMP1 has been observed to reduce apoptosis in B and T cells, but its effect on apoptosis in 

epithelial cells remains obscure. We provide evidence herein (Paper II) for a stimulus-dependent apoptosis modulation by LMP1 

in HeLa cells with tetracycline-regulated LMP1 expression; hence, LMP1 reduces tumor necrosis factor (TNF)-β induced 

apoptosis, but potentiates apoptosis induced upon ligation of Fas/Apo1/CD95, or following treatment with the chemotherapeutic 

agent, etoposide. It has recently reported that caspase-2 is an initiator caspase which regulates mitochondrial permeabilization, 

leading to the release of apoptosis inducing molecules into the cytoplasm.  In our model of stress-induced apoptosis, LMP1 

promotes host cell apoptosis as manifested by enhancing the caspase-3 activity, and we have further shown that LMP1 regulates 

this type of apoptosis upstream of caspase-2 dependent mitochondrial perturbation. This effect was mapped to the membrane 

distal functional domain of LMP1, carboxylterminal activation region 2 (CTAR) (Paper III). The domain contributes to 70% of 

NF-κB activation and activates c-Jun N-terminal kinase (JNK) through recruitment of tumor necrosis factor receptor (TNFR) 

associated death domain containing molecule (TRADD).  We have shown that inhibition of either NF-kB or JNK activity 

regulates caspases and drop of mitochondrial membrane potential (MMP) triggered by cellular stress in LMP1 expressing HeLa 

cells (Paper IV). Furthermore LMP1 promotes irradiation-induced cell death assayed by staining of exposure of 

phosphatidylserine (PS) with annexin V in NPC derived TW03 cells, Future efforts will be aimed at further exploring the 

mechanism of LMP1-dependent modulation of cellular stress-mediated apoptosis, as well as the role thereof in the therapeutic 

response of EBV-associated epithelial human tumors. 
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Abstract 

Epstein-Barr virus (EBV) is a ubiquitous human herpesvirus which infects more than 90% of 

individuals in the population, and has been shown to be associated with a variety of human tumors.  

The viral genome encodes a number of transforming proteins which enable the virus to efficiently 

immortalize B lymphocyte and also transform cells of other types. Among the viral genetic products, a 

membrane integral latent infection protein, latent membrane protein-1 (LMP1) is of particular interest, 

since it possesses in vitro transforming ability and is expressed in more than two-thirds of EBV 

positive nasopharyngeal carcinoma (NPC), which arises in immunocompetent hosts. Because of the 

distinctive geographic distribution and ethnic prevalence of NPC, strain variations of EBV carrying 

mutations in LMP1 have been investigated to correlate its presence in malignancy. Enhanced ability in 

transducing cellular signals as well as altered immunogenicity have been identified in LMP1 variant 

genes isolated from NPC specimens originating from the endemic regions. In the present study, a 

comparison of immunogenicity as related to the status of LMP1 expression in NPC biopsies has been 

made. Our data (Paper I) show that LMP1 strains from LMP1-positive NPC contain more sequence 

variations than those from LMP1-negative NPC, and are less immunogenic. These results suggest a 

viral escape from host immune surveillance through genetic mutation in NPC. Modulation of host cell 

apoptosis is a strategy utilized by viruses to escape host immunity. LMP1 has been observed to reduce 

apoptosis in B and T cells, but its effect on apoptosis in epithelial cells remains obscure. We provide 

evidence herein (Paper II) for a stimulus-dependent apoptosis modulation by LMP1 in HeLa cells with 

tetracycline-regulated LMP1 expression; hence, LMP1 reduces tumor necrosis factor (TNF)-� 

induced apoptosis, but potentiates apoptosis induced upon ligation of Fas/Apo1/CD95, or following 

treatment with the chemotherapeutic agent, etoposide. It has recently reported that caspase-2 is an 

initiator caspase which regulates mitochondrial permeabilization, leading to the release of apoptosis 

inducing molecules into the cytoplasm.  In our model of stress-induced apoptosis, LMP1 promotes 

host cell apoptosis as manifested by enhancing the caspase-3 activity, and we have further shown that 

LMP1 regulates this type of apoptosis upstream of caspase-2 dependent mitochondrial perturbation. 

This effect was mapped to the membrane distal functional domain of LMP1, carboxylterminal 

activation region 2 (CTAR) (Paper III). The domain contributes to 70% of NF-κB activation and 

activates c-Jun N-terminal kinase (JNK) through recruitment of tumor necrosis factor receptor (TNFR) 

associated death domain containing molecule (TRADD).  We have shown that inhibition of either NF-

kB or JNK activity regulates caspases and drop of mitochondrial membrane potential (MMP) triggered 

by cellular stress in LMP1 expressing HeLa cells (Paper IV). Furthermore LMP1 promotes irradiation-

induced cell death assayed by staining of exposure of phosphatidylserine (PS) with annexin V in NPC 

derived TW03 cells, Future efforts will be aimed at further exploring the mechanism of LMP1-

dependent modulation of cellular stress-mediated apoptosis, as well as the role thereof in the 

therapeutic response of EBV-associated epithelial human tumors. 
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Abbreviations 

 

BL:  Burkitt´s lymphoma 

CED:  cell death abnormal (gene of Caenorhabditis elegans) 

CTAR:  carboxyl terminal activation region 

DEVD-AMC:  Aspartate-Glutamate-Valine-Aspartate-7-amino-4-methyl--coumarin 

EBV:  Epstein-Barr virus 

EBNA: Epstein-Barr virus determined nuclear antigen 

EBER:  EBV encoded small RNA 

FACS:  Fluorescence-activated cell sorter 

IKK:                I-κB kinase 

JNK:                c-Jun N-terminal Kinase 

LCL:  Lymphoblastoid cell line 

LMP:  Latent membrane protein 

MMP:              Mitochondrial membrane potential  

NIK:                NF-κB inducing kinase                                     

NPC:  nasopharyngeal carcinoma                                                                       

PARP:  poly (ADP) ribose polymerase                                    

TMRE: tetramethylrhodamine ethyl ester                                                         

TNF:  tumor necrosis factor 

TNFR:  tumor necrosis factor receptor                                   

TRAF:  TNFR-associated factor                                                                               

TRADD: TNFR-associated death domain-containing protein  

VDVAD-AMC: Valine-Aspartate-Valine-Alanine-Aspartate-7-amino-4-methyl-coumarin                               

zVAD-fmk: benzyloxycarbonyl-valine-alanine-aspartate-fluoromethylketon 
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Amino acid letter codes 

 

 

A Ala Alanine 

C Cys Cysteine 

D Asp Aspartic acid 

E Gln Glutamic acid 

F Phe Phenylalaine 

G Gly Glycine 

H His Histidine 

I Ile Isoleucine 

K Lys Lysine 

L Leu Leucine 

M Met Methionine 

N Asp Asparagine 

P Pro Proline 

Q Glu Glutamine 

R Arg Arginine 

S Ser Serine 

T Thr Threonine 

V Val Valine 

W Trp Tryptophane 

Y Tyr Tyrosine 
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Introduction 

Epstein-Barr virus and cancer 

Epstein-Barr virus (EBV) was initially identified as the herpes-like particles released from 
cultured lymphocytes derived from Burkitt´s lymphoma (BL) biopsies (Virus Code. 
31.3.1.0.001. Virus Accession number 31310001 in The Universal Virus Database, ICTVdB, 
authorised by ICTV (International Committee on Taxonomy of Viruses)). EBV belongs to the 
genus Lymphocryptovirus, subfamily Gammaherpesvirinae, family Herpesviridae.  EBV is 
the type species of the genus (www.ncbi.nlm.nih.gov/ICTVdb/ICTVdB/).  The 
lymphocryptoviruses also include viruses from Old World primates such as champanzees 
(Herpesvirus pan), orangutans (Herpesvirus orangutan) and gorillas (Herpesvirus gorilla). 
The recently described Kaposi´s sarcoma-associated herpesvirus (KSHV, or Human 
herpesvirus type 8, HHV-8) has been classified in this genus. Viruses of gammaherpesvirinae 
subfamily are characterized by their tropism for lymphoid cells and their capacity to induce 
cell proliferation in vivo, resulting in transient or chronic lymphoproliferative disorders, and 
in vitro, some of them can immortalize the infected target cells. Viruses of the subfamily 
replicate inefficiently in hematopoietic cells, but some have efficient productive cycle in 
epithelial cells and fibroblasts (IARC, 1997). 

The virions are enveloped; slightly pleomorphic; spherical; 120-220 nm in diameter. Their 
surface appears rough, with small projections of envelope, shaped spikes, dispersed evenly 
over the whole surface. There exist 162 capsomers per nucleocapsid (capsomeres hexagonal 
in cross-section with a hole running half-way down the long axis). The viral core consists of a 
fibrillar spool on which the DNA is wrapped. The ends of the fibers are anchored to the 
underside of the capsid shell. Incomplete virus particles are often present; they are capsids 
lacking the envelope. EBV has an icosahedral nucleocapsid containing a linear double-
stranded DNA wrapped around a toroid-shaped protein core (Roizman, 1996). 

The total genome length of EBV is 170000 nt. The nucleotide sequence deposited at 
EMBL/GenBank under the following accession number V01555. It can persist in the 
proliferating lymphocytes as linear-integrated (Henderson et al., 1983; Heller et al., 1982), but 
primarily as convalently closed episomal DNA (Lindahl et al., 1976; Nonoyama and Pagano, 
1972).  The genome has terminal repeated sequences. Guanine + cytosine ratio is 56 %. Each 
virion contains full length copy, or shorter copies (some isolates lack as much as 15000 at 
specific sites). The virus infects vertebrates, and establishes life long latency in the infected 
hosts; more than 90% of the adult human population worldwide carry the virus (Henle et al., 
1969). 

In common with other herpesviruses, during its life cycle, EBV adopts two distinctively 
different patterns of infection statuses, namely lytic cycle and latency. 

The herpesviruses that infect humans characteristically establish a latent infection that may 
be reactivated later. The consequences of reactivation range from asymptomatic shedding to 
severe disseminated infection. Both cytomegalovirus (CMV) and EBV interact with 
peripheral blood leukocytes. Latent CMV infection of human leukocytes has not been 
proved, although studies in a murine model have implicated B lymphocytes as a repository of 
latent virus. EBV is known to persist in a non-replicating state as extrachromosomal DNA in 
B lymphocytes and to cause "immortalization" of the infected cell; persistence of the viral 
genome in epithelial cells may also result in malignant transformation, e.g. as possibly occurs 
in  nasopharyngeal carcinoma. (Reviewed in Jordan, et al. 1984). 



 11

Upon infecting sensitive cells, different types of EBV latency are established. In severely T-
cell immune compromised or susceptible individuals, the EBV infected lymphocytes can 
malignantly proliferate, and these cells express six EBV nuclear antigen (EBNA) proteins, 
three latent infection membrane proteins (LMPs), i.e., LMP1, LMP2A, and LMP2B, two 
small RNAs (EBERs), and BamHI A rightward transcripts (BARTs) whose function remains 
unknown (Reviewed in Kieff and Liebowitz, 1990). This complex infection, termed latency 
III, is characteristic of EBV gene expression in EBV-transformed lymphoblastoid cell lines 
(LCLs) and many lymphoproliferations that occur in immune deficient humans (Delecluse et 
al., 1995; Rowe, et al., 1992). EBV-infected B lymphocytes have similarities to B 
lymphocytes proliferating in response to antigens, in their growth in tight clumps and 
expression of B lymphocyte activation and adhesion molecules (Amån et al., 1986; Nilson 
and Klein, 1982; Patarroyo et al., 1986). 

The distinctive geographic distribution of BL, arising frequently in the jaws and other sites of 
the body like abdomen of patients at childhood or early adulthood, endemic in certain parts of 
Africa intrigued the speculation of its viral association. After its documentation by a British 
surgeon, Dennis Burkitt, M. Anthony Epstein and associates, a team of pathologists at the 
University of Bristol, England who were working on retroviral carcinogenesis during the early 
1960´s, turned their interests to this mysterious tumor. Lymphocytes derived from tumor 
biopsies were successfully cultivated, and a herpes-like particle was observed with electronic 
microscopy (Epstein et al., 1964). However, it took several years to convince the scientific 
community. As recalled by Professor George Klein (MTC News, Nr. 38, 08/02/2002), an 
early paper of the viral isolation was published in a bacteriological journal (Hummeler et al., 
1966). EBV was identified as a new species of herpesviruses after the availability of 
immunological evidence (Henle and Henle, 1967). It was named after its discoverers, Tony 
Epstein and Yvonne Barr, as Epstein-Barr virus (EBV), and it was later classified as human 
herpesvirus type 4 (HHV-4). 
 
Together with BL, from whose tumor cells the virus was first identified, nasopharyngeal 
carcinoma (NPC), a malignancy arising in the postnasal site of mainly male individuals has 
also been established as EBV associated (de Schryver, et al.,1969; zur Hausen et al., 1970). 
EBV is also known to be the causative agent of infectious mononucleosis (Henle et al., 1968, 
Diehl et al., 1968), occurring in adolescent patients, seemingly as a consequence of delayed 
exposure to EBV. 
 
Infectability of non-human primate marmoset lymphocytes with EBV, and the release of the 
viral particles allowed further studies of EBV in an experimental system (Shope et al., 1973; 
Miller and Lipman, 1973). Oncogenicity in some primates (Shope et al.,1973;  Miller, 1974) 
further sugggested  that EBV is tumorigenic.  In human individuals with either congenital or 
acquired compromised immune defense, the development of lymphoproliferative disorders 
may be attributed to the EBV-mediated malignant transformation. Two types of 
lymphoproliferative diseases associated with Epstein-Barr viral (EBV) DNA -- central-
nervous-system lymphoma and chronic lymphocytic interstitial pneumonitis (LIP) -- were 
recognised in children with human immunodeficiency virus infection and the acquired 
immunodeficiency syndrome (AIDS; Andiman et al. 1985, Ho et al., 1985.) 
 
AIDS-related non-Hodgkin´s lymphomas (AIDS-NHL) are histologically classified as AIDS-
related small non-cleaved cell lymphoma (AIDS-SNCCL) and AIDS-related diffuse large cell 
lymphoma (AIDS-DLCL; Gaidano and Carbone 1995). The presence of EBV in the tumor 
cells occurs at different frequency in different types of AIDS-NHL (Carbone et al., 1993; 
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Hamilton-Dutois et al., 1991).  Besides well documented connection to BL and NPC, in 
recent years, EBV has also been detected in biopsies of gastric adenocarcinoma (Imai et al., 
1994), and leiomyosarcoma (McClain et al., 1995), while the link to breast cancer still is up 
for testing (Bonnet, 1999). 
 
Apoptosis: mechanism of homeostasis and host defense 

Classification and execution of apoptosis 

Apoptosis is a biological process for the host to eliminate unwanted cells, thus to maintain 
homeostasis. Apoptosis can be triggered through extrinsic, death receptor dependent 
pathways, or via intrinsic (i.e. mitochondria-dependent) pathways. Irrespective of the initial 
stimulus, a group of proteases, termed the caspases (for cysteine-dependent aspartate-specific 
proteases) are activated within the cell in a sequential manner, ultimately leading to the 
cleavage of cellular proteins and the degradation of genomic DNA. The core machinery of the 
cell death program has been well-conserved through evolution; hence, the caspases are 
mammalian homologues of CED-3 in the nematode Caenorhabditis elegans. 

Apoptosis can be classified according to the types of triggering agents or stimuli (Table-1) 

                           Table 1  Signaling of apoptosis triggered by different stimuli 

Type of stimuli Cellular/DNA stress Granzyme B (GrB) Death ligands 
Cell surface          
events 

Not known or irrelevant GrB enters the cell by 
exocytosis together 
with perforin 
 

Alteration of conformation 
of the death receptors, e.g. 
oligomerization 

Activation of 
initiator casapses 

Caspase-2 Caspases 2*, 8, 10; 
inhibited by crmA 

Same as GrB; inhibited by 
c-and v-FLIP 

Activation of 
effector caspases 

Caspase-3 activation 
executed by cytochr. c 
binding to caspase-9 
and Apaf-1 

Caspases 3, 6, and 7 Same as GrB; inhibited by 
IAPs  

Degradation of 
death substrates 

Cleavage of PARP, etc- Cleavage of ICAD, 
PARP etc. 

Same as GrB 

Note: crmA: cytokine response modifier A; FLIP: FLICE inhibitory protein;  
IAP: inhibitor of apoptosis protein; PARP: poly ADP ribose polymerase (see also Abbreviations).  
*: The role of caspase-2 in this context is dispensable. 
 
Apoptosis triggered by ligation of death receptors has been intensively investigated. These 
receptors, TNFR1, Fas/ApoI/CD95, TRAM (DR3), TRAIL-R1(DR4), TRAIL-R2 (DR5), 
DR6 and EDAR are potent mediaters of the signaling pathway that induce apoptosis upon 
binding to their ligands. They share the typical amino-terminal cycteine-rich domains (CRDs), 
which define their ligand specificity (Bodmer et al., 2002), and also a stretch of 60-70 amino 
acids called the death domain (DD) that is necessary for the induction of apoptosis 
(Ashkennazi and Dixit, 1998). Cytotoxicity mediated by the ligation of Fas/ApoI /CD95 is 
characteristic of the apoptosis triggered by the group of surface molecules, though individual 
receptor may requires different adaptor molecules to transmit cell death signals (Chinnayan et 
al., 1996; Pan et al., 1997; Pan et al., 1998 ). When a death receptor on the cell surface binds 
its corresponding ligand, its spatial conformation is altered by aggregation or di- or 
heteromerization, the cytoplasmic tails of the aggregated receptor molecule recruits adapter 
molecules, for example, TNFRI engages TRADD and then, Fas associated death domain 
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protein (FADD), or Fas engages FADD directly (Chinnaiyan et al., 1996). An initiator 
caspase, caspase-8, previously known as Fas-like interleukin-1β-converting enzyme (FLICE), 
or, as reported recently, caspase-10, known as FLICE-2 (Wang et al., 2001) associates with 
the clustering molecules formed on the cell surface, thus forming death-inducing signaling 
complex (DISC), and triggers downstream events.  

Caspases:  cell death proteases:   

The first caspase, caspase-1 was discovered as the homologue the genetic product required for 
cell death in the nematode C. elegans, and was termed interleukin-1β-converting enzyme 
(ICE) (Yuan et al., 1993).  Caspase-1 has no obvious role in cell death, and the proteins 
subsequently identified which were related to it, have distinctive roles in inflammation and 
apoptosis.  Caspases are classified as effector and initiator caspases, according to the 
functions in cell death:  cell disassembly and initiating this disassembly in response to 
proapoptotic signals, respectively (for review, seen Thornberry and Lazebnik, 1998).  
Caspases are expressed as proenzymes (30 to 60 kDa) that contain three domains: an NH2-
terminal domain, known as the prodomain that also harbors the catalytic activity (Hu et al., 
2000); two subunits with cysteine protease domains: a large subunit (- 20 kDa), and a small 
subunit (-10kDa),  

Under physiologic conditions, caspase-8, associated with death receptor apoptosis (Ashkenazi 
and Dixit, 1998), exists as two isoforms, caspase 8a and 8b, with apparent molecular weights 
58 and 55 kDa.  Upon activation, intermediate forms of 43/41 kDa are produced by 
proteolysis, followed by production of the active form with 18kDa and 10kDa (Scaffidi et al., 
1997).  It has been shown that the ratio of caspase-8 and FLICE-inhibitory protein (FLIP) 
which are recruited into DISC regulates caspase-8 activity (Chang et al., 2002), which 
determines the host cell sensitivity to Fas ligation mediated cytotoxicity. This also correlated 
with the presence of EBV genome in BL cells; EBV positive BL cells are less sensitive to the 
toxicity (Tepper and Seldin, 1999; Jonsson et al., 2003). 

Cell stress, such as genotoxins and irradiation activates wild-type p53, leading to the initiation 
of downstream events, including the formation of complexes with the pro-apoptotic members 
of Bcl-2 family, e.g. Bak, Bax, and Bid on the mitochondrial membranes (inner and outer 
membranes), resembling the channel forming bacterial toxins.  This has been shown to be the 
principal mechanism by which these proteins trigger cell death (Jurgensmeier et al., 1998, 
Desagher et al., 1999.).  The mitochondrial pathway of apoptosis in response to LMP1 has 
been investigated in our studies (Paper III and IV).  When exerting this function, LMP1 may 
involve upstream events, probably pre-mitochondrial.  It has recently been reported that an 
initiator caspase, caspase-2 acts upstream of mitochondria and regulates its permeabilization 
(Robertson et al., 2002; Guo et al., 2002; Paroni et al., 2002; Lassus et al., 2002), leading to 
the release of apoptotic mediators, mainly cytochrome c and Smac (Second mitochondrial 
activator of caspases) (Du et al., 2000).  Caspase-2 was the second member of the caspase 
family to be described (Kumar et al., 1994; Wang et al., 1994).  Initially, it was described as a 
caspase expressed by neurons that was downregulated during the development of the brain 
(Kumar etal., 1994). Two forms of caspase-2 mRNA are found in mouse and human, a short 
antiapoptotic form and a longer proapoptotic form (Wang et al., 1994); it is not clear whether 
the shorter form is expressed as a protein, but the two forms are antagonistic with each other.  
The specificities of caspases were defined using a positional scanning substrate combinatorial 
library.  The study of specificity has grouped caspases 3 and 7 as effector caspases, which 
recognize amino acids DEXD (Thornberry et al., 1997).  Another study using a series of 
defined peptides and measuring relative Vmax and Km defined VDVAD as the optimal substrate 
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and inhibitor of caspase-2 (Talinian et al., 1997).  According to its distinctive enzymatic 
specificity and its regulatory activity on mitochondrial permealibization, caspase-2 therefore 
is regarded as an initiator caspase (For review see Zhivotovsky and Orrenius, 2005).  The 
zymogen form of caspase-2, termed procaspase-2 contains a long prodomain, and is 
manifested as a 47 kDa band on polyacrylamide gel electrophoresis (PAGE) on probing with 
specific antibody. Its prodomain corresponds to a 33 kDa intermediate generated when 
procaspase-2 is triggered to be active, and further two subunits of 18 kD and 12 kDa are 
released upon further degradation (Li et al.,1997a, Butt et al., 1998).  
 
Caspase-9 is an initiator caspase which is activated upon activation of the mitochondrial 
pathway  (see the section “The role of mitochondria in apoptosis”.)   
 
p53 and stress-induced apoptosis: 
 
Situations of cellular stress mediate the upstream events or signals to activate p53 (Reviewed 
in Levine, 1997). Several different types of DNA damage can activate p53, including double-
strand breaks in DNA produced by γ-irradiation, the presence of DNA repair intermediates 
after ultraviolet irradiation or chemical damage to DNA. This results in a rapid increase in the 
level of p53 in the cell and activation of p53 as a transcription factor, resulting in a halt in cell 
cycle progression and /or apoptosis activation (Reviewed in Vousden and Lu, 2002). In 
addition, recent data also suggest that p53 may act directly on mitochondria (Chipuk et al., 
2004). 

Several p53-inducible genes that play a role in the induction of apoptosis in response to p53 
have been described. Recently a novel gene named PUMA (p53-upregulated modulator of 
apoptosis) has been identified as a target for activation by p53 (Nakano and Vousden, 2001). 
This gene encodes two BH3 domain-containing proteins (PUMA-alpha and PUMA-beta) that 
are induced in cells following p53 activation. PUMA-alpha and PUMA-beta show similar 
activities; they bind to Bcl-2, localize to the mitochondria to induce cytochrome c release, and 
activate the rapid induction of apoptosis. Inhibition of PUMA expression by antisense reduced 
the apoptotic response to p53. PUMA is likely to play a role in mediating p53-induced cell 
death through the cytochrome c/Apaf-1 (apoptotic protease-activating factor-1)-dependent 
pathway. 

p53 affects the kinetics of apoptosis and the molecular pathways leading to the activation of 
effector caspases after neutron-induced apoptosis (Fischer et al., 2003). A rapid p53-
dependent apoptosis is associated with the activation of caspase 3, 7 8 and 9 and the cleavage 
of Bid by caspase 8. In contrast, the slow-occurring p53-independent apoptotic process, 
mediated by caspase 7, takes place without Bid cleavage and loss of transmembrane 
mitochondrial potential. Altogether, the findings highlight an essential role for caspase 8-
mediated Bid cleavage in the course of p53-dependent apoptosis. 

It has been shown that in a small lung cancer cell line, LMP1 protects from p53 dependent 
apoptosis through its induction of an anti-apoptotic zinc finger protein A20 (Fries et al., 
1996). Our work on apoptotic modulation exerted by LMP1 has been performed in HeLa 
cells, in which p53 is inactivated because of the presence of human papillomavirus type-18 
(HPV-18) and in TW03 the p53 function of which has not been characterized, it remains to be 
elucidated whether reconstitution of wild type p53 function would alter the signaling of 
apoptosis and the fate of the cells when insulted by different stimuli. 
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.Role of mitochondria in apoptosis 

In cell membrane receptor triggered apoptosis surface evebts are followed by the activation of 
mitochondria, the key organelles in inducing apoptosis. Cells are classified into two types 
according to their response to Fas /ApoI/CD95 induced apoptosis, based on the involvement 
of mitochondria (Scaffidi et al., 1998). In type II cells, exemplified by Jurkat T cells, 
mitochondria are permeabilized upon the activation of caspase-8.  Mitochondria are confined 
by two compartments: matrix, surrounded by the inner membrane (IM), and the 
intermembrane space, surrounded by the outer membrane (OM).  OM permeabilization due to 
cellular apoptosis involves the release of proteins which are normally confined to the 
intermembrane space of these organelles, including cytochrome c and Smac.  Compared with 
the OM, apoptotic IM permeabilization is selective, not resulting in a massive leakage of 
matrix proteins (Kroemer and Reed, 2000).  It is manifested as a dissipation of the proton 
gradient responsible for the transmembrane potential, and can be assessed indirectly by 
incubating the cells with a lipophilic cationic fluorochrome such as DiOC6 
(3)(3,3´dihexylloxacarbocyanine iodide) (Susin et al., 1999; Heiskanen et al., 1999).  FACS-
based staining with a cationic probe, tetramethylrhodamine ethyl ester (TMRE) was employed 
in Paper III, to assess quantatively the mitochondrial change triggered by etoposide or ciplatin 
challenge.  The mitochondrial processes have been studied mostly in cell stress-triggering 
models, e.g. DNA damage, which results in perturbation of inner mitochondrial membrane 
permeability in some model systems (Mignotte and Vayssiere, 1998; Kharbanda et al., 1997).   

Cytochrome c is released to cytoplasma from mitochondria, and forms a complex termed 
apoptosome together with Apaf-1 and caspase-9, and triggers the activation of the 
downstream caspase cascade (Li et al., 1997b). 

Poration of the mitochondrial membrane leading to permeabilization is modulated by the Bcl-
2 family proteins. Pro-apoptotic members, such as Bak, Bax and Bim form pores and cause 
the release of apoptotic mediators cytochrome c and Smac/DIABLO to the cytoplasm. 
Cytochrome c forms the complex apoptosome together with Apaf-1, the mammalian 
homologue of apoptotic inducer CED-4 in C. elegans, and an initiator caspase, caspase-9 (Li 
et al., 1997b). Upon recruitment into the apoptosome, caspase-9 is activated and this leads to 
the activation of downstream caspases. The events result in the end stage effects of apoptosis, 
that is, the degradation of genomic DNA and irreversible cell death.  Our current knowledge 
is summarized by the scheme below (Figure-1).  

 

Viruses and apoptosis 

Modulation of apoptosis is a viral strategy which allows viruses to prolong the life of the 
infected cells in order to support viral replication. Numerous viral genomic products have 
been identified to modify host apoptosis at different steps, for example, the actions of 
caspases and other death proteases, and death receptors. Apoptosis of an infected cell can 
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Figure-1. Two major apoptotic pathways in mammalian cells.. The death-receptor pathway (left pathway in the 
figure) is triggered by members of the death-receptor superfamily. Binding of Fas ligand to Fas induces receptor 
clustering and formation of a death-inducing signalling complex(DISC). This complex recruits, via the adaptor 
molecule FADD (Fas-associated death domain protein), multiple procaspase-8 molecules, resulting in caspase-8 
activation through induced proximity. The mitochondrial pathway (right) is used extensively in response to 
extracellular cues and internal insults such as DNA damage.  If the pro-apoptotic camp wins, an array of 
molecules is released from the mitochondrial compartment. Principal among these is cytochrome c, which 
associates with Apaf-1 and then with procaspase-9 (and possibly other proteins) to form the apoptosome. The 
death-receptor and mitochondrial pathways converge at the level of caspase-3 activation.  Cross-talk and 
integration between the death-receptor and mitochondrial pathways is provided by Bid, a pro-apoptotic Bcl-2 
family member. Caspase-8-mediated cleavage of Bid greatly increases its pro-death activity, and results in its 
translocation to mitochondria, where it promotes cytochrome c exit.  

either be caused by virus-specific cytotoxic T lymphocytes (CTLs) or as a direct result of viral 
infection (for review, see Meinl et al., 1998). It has been suggested that both apoptotic 
inhibition and apoptotic induction by viral proteins can be physiologically essential for the 
viral parasitism.  

EBV encodes a lytic protein, BHRF1 with strong homology to the mammalian Bcl-2, which 
inhibits apoptosis triggered by various stimuli, like serum starvation (Henderson et al., 1993; 
Dawson et al.1995). The Bcl-2 homologue encoded by EBV plays a role in limiting apoptosis 
during infection much like E1B-19K, an early protein of adenovirus (Tarodi et al., 1994). 
However, lytic replication in human lymphocytoid cells by EBV is believed to induce 
apoptosis, as evidenced by the appearance of highly condensed chromatin and extensive 
cytoplasmic vacuoles (Kawanishi, 1993; Reviewed in Teodoro and Branton, 1997) and 
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induction of apoptosis is an event during the late stages of infection. For EBV, potentiation of 
apoptosis in epithelial cells may be due to the fact that the primary compartment of its infection 
is lymphocytes, and the normal epithelium does not harbor latent EBV, and it is speculated that 
EBV is less compatible with the microenvironment in the host cells. 

Inhibition of apoptosis may be an important step in the shift to a lytic from a latent phase 
(Teodoro and Branton, 1997). The apoptotic inhibition by EBV-encoded LMP1 in B 
lymphocytes through upregulation of apoptosis inhibitory molecules has been well 
documented (Henderson et al., 1991; Laherty et al., 1992; Spender et al., 1999; D'Souza 2000; 
Wang et al., 1996). Although it is uncertain whether natural infection of EBV in T 
lymphocytes takes place, it has been shown that LMP1 can inhibit serum deprivation-induced 
apoptosis by downregulating Myc protein expression (Kawanishi, 1997). 

EBV shows a tight association with the undifferentiated form of NPC, and to a different 
extent, with some other human tumors of epithelial origin, for example, gastric cancer (Imai et 
al., 1994).  LMP1 is expressed in tumor cells in 30-60% of all EBV positive NPC cases 
(Fahraeus et al., 1988; Young, et al., 1988). But LMP 1 seems to exert opposing effects in 
modulating apoptosis of epithelial cells. It can either inhibit, or enhance apoptosis (Fries et al., 
1996; Kawanishi, 2000). We have observed a stimulus-dependent apoptotic modulation by 
LMP1 in cervical cancer derived HeLa cells (Paper II). This suggests that, similarly to its 
mammalian homologue CD40, LMP1 may affect the growth, proliferation, and death/survival 
in a context-dependent manner, varying with host cells and external signals. 

Effects of LMP1 on the host  

The molecular interactions of LMP1 with several cellular proteins have defined LMP1 as a 
member of tumor necrosis factor receptor superfamily (TNFR SF) with an expanding list of 
members. Proteins of the family are implicated in controlling cell growth and proliferation 
through activating the transcription factor NF-κB. 

Transcription factor NF-κB and its activation 

In mammals, the NF-κB family comprises five members: p65 (RelA), RelB, c-Rel, NF-κB1 
(which occurs both as a precursor, p105, and as a processed form, p50), and NF-κB2 (which 
occurs both as a precursor, p100, and as its processed product, p52).  Prior to activation, 
homo- and heterodimers of these proteins are retained in the cytoplasm by their association 
with inhibitory proteins of the IκB family.  Various agents trigger the activation of NF-κB by 
inducing degradation of IκB, or IκB homologous regions in p105 or p100, and the NF-kB 
dimers are consequently translocated to the cell nucleus (for review, see Ghosh and Karin, 
2002).   IκB is phosphorylated by IKK (IκB kinase) complex comprised of two catalytic 
subunits, IKK1 (also know as IKKα) and IKK2(also know as IKKβ), and an adaptor, 
regulatory subunit, IKK3(IKKγ) or NEMO (NF-κB essential modulator), which is activated 
by NF-kB inducing kinase (NIK) and followed by proteasomal mediated degradation.  Studies 
using p65: p50 defined the canonical pathway of NF-κB activation, which requires the 
activation IKK-2 in association with NEMO, leading to the processing of p105.  Recent work 
has described an alternative pathway.  It occurs independently of IKK-2 and NEMO but is 
dependent on IKK1.  Upon phosphorylation of p100, only the IκB homologous region of 
p100 is degraded, allowing the resulting p52 fragement to translocate to the nucleus in 
association with some other NF-κB proteins (Xiao et al., 2001; Senftleben et al., 2001).   
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Biological activities of LMP1 

Lymphoblastoid cell line (LCL) generated from EBV immortalized B lymphocytes or some 
malignant proliferative B cells in immunocompromised hosts express all the six EBNAs, and 
two membrane proteins, LMP1 and LMP2. LMP1 is also expressed in some cases of NPC and 
Hodgkin´s Disease. 
 
LMP1 presents mainly in patches in lipid rafts of the cytoplasmic membrane (Higuchi, et al., 
2001). It is expressed from a 2.8 kb mRNA encoded by a largely unique DNA near the right 
end of the viral genome. The translated protein contains (a) a highly charged, short 24-amino 
acid cytoplasmic amino-terminal tail, (b) six transmembrane-spanning segments, which are 
remarkably hydrophobic, alpha-helical, each having 21 amino acids and connected by 5-7 
amino acids segment and (c) a carboxylterminal (C-terminal) tail with 200 amino acid 
residues, which are acidic (figure-1; Fennewald, 1984; Hennesy etal., 1984; Liebowitz et al., 
1986). Two functional domains in the C-terminus of LMP1 molecule were identified as 
effector motifs involved in immortalization of B lymphocytes and studied intensively. The 
domains, termed C-terminal activation region (CTAR) 1 and 2, recruit co-factors of tumor 
necrosis factor receptor (TNFR), and the molecular interactions define LMP1 as a member of 
TNFR superfamily (Huen et al., 1995; Mitchell and Sugden 1995). Using yeast two hybrid 
screening, with the C-terminus of the LMP1 encoding gene as bait, TNFR associated factors 
(TRAFs) were identified as binding partners of LMP1 (Mosialos et al., 1995). Studies with 
mutant LMP1 MS231 which consists of the N-terminus, six transmembrane domains and the 
membrane proximal 45 amino acids of the C-terminus, corresponding to CTAR1 suggested 
that the C-terminal tail engaged TRAFs and was sufficient for functioning in the 
transformation of B lymphocytes into LCLs.  But the LCL fails to replicate for a long term, 
while the wild type EBV transformed LCLs were immortal (Kaye et al., 1995; Mosialos et al., 
1995). CTAR1 has also been shown as the minor component of NF-κB activation by LMP1.  
   
CTAR2, the membrane distal 155 residue (a.a.352-386) enables efficient, long-term LCL 
outgrowth, and yeast two hybrid screen suggests that it binds to TNFR associated death 
domain containing protein (TRADD), which mediates CTAR2 effects on cells (Izumi and 
Kieff, 1999).  In summary, CTAR1 harbors the TRAF2 and 3 binding site, PXQXT, and 
CTAR2 binds TRAF2 via TRADD.  The activation of NF-κB by the two carboxylterminal 
cytoplasmic domains of LMP1 is reminiscent of that by two TNFRs:  CTAR1 activates NF-
κB through association with TRAF2, similar with TNFRII, while CTAR2 activates NF-κB 
through its binding with TRADD, and indirectly with TRAF2, similar with TNFRI. 
 
It has been shown that the activation of NF-κB by LMP1 requires NIK and both I κB kinases: 
IKKα and IKKβ (Sylla et al., 1998).  The activation of the transcription factor NF-κB through 
the two distinct domains of LMP1 is clearly responsible for some of the phenotypic 
consequence of the activation through LMP1 (Rowe et al., 1994;).   The speculation on the 
role of LMP1 in maligant transformation is primarily based on the finding that LMP1 
transforms rodent fibroblasts (Baichwal and Sugden, 1988) and that it inhibits differentiation 
of cultured epithelial cells (Dawson et al., 1990; Fahraeus et al., 1990). The downregulation of 
p16 INK-4, and induction of a cellular transforming protein Id1 in premaligant nasopharyngeal 
cells further suggests a possible role of LMP1 in the genesis of NPC, together with the 
activation of proto-oncogenes and inactivation of tumor suppressor genes (Li et al., 2004).  
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Figure-2 Schematic presentation of the LMP1 oncoprotein with functional domains.  The C-terminus contains a 
CTAR1 region adjacent to the plasma membrane, including a PXQXT core TRAF-binding motif and an 
outermost CTAR2 resion for TRADD and receptor interacting protein (RIP) binding.  CTAR2-mediated NF-κB 
and JNK activation bifurcate at the level of TRADD/TRAF2 interaction.  The JAK3/STAT interaction sites 
encompass a second PXQXT motif. EGFR=epidermal growth factor receptor (Reprinted from Knecht et al., 
2001, cited with permission of  S. Karger AG, Basel, Switzerland) 
 
The LMP1 oncoprotein acts as a viral mimic of CD40, a cellular regulator of T cell dependent 
B-cell proliferation. CD40 is a cell surface molecule of the TNFR superfamily expressed on B 
lymphocytes and other cell types (van Kooten et al., 1997; Hess et al., 1995). Its signaling 
plays an essential role in B cell differentiation, notably immunoglobulin (Ig) class switching 
and in germinal center (GC) formation.  It has been shown to signal through a C-terminal 
cytoplasmic domain interacting with TRAF proteins (MacLennan, 1994; Rathmell et al., 
1996; Allen, et al., 1993; Rothe et al., 1995; Cheng et al., 1995). It has been observed that 
while BL cell lines are clearly divided into high responders and low responders to CD40, all 
the lines are full responder to vectored expression of LMP1 (Henriquez et al., 1999).  
 
It has been found that CD 40 is also expressed on macrophages, dendritic cells, fibroblasts 
and epithelial cells, and regulate growth and differentiation of its host cells (for review, see 
Young et al., 1998). The transduction of death signals by CD40 critically depends on its 
membrane proximal domain, and the cytotoxicity of CD40 is blocked by caspase inhibitors.  
CD40 ligation was found to induce functional Fas ligand, TRAIL (Apo-2L, the ligand of DR3 
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and 4), TNF, and also the expression of Fas (Eliopoulos et al., 2000).  It has been reported that 
CD40 ligation induces apoptosis in host cells when the de novo synthesis of anti-apoptotic 
molecules is inhibited (Davies et al., 2004), and the apoptotic regulation role of the CD40 
molecule is mapped to the membrane distal domain which binds TRAF6.   
 
The ligation of CD40 on primary cultures of keratinocytes results in additional phenotypic 
changes, such as enhanced secretion of interleukin 6 (IL-6), IL-8 and TNF, upregulation of 
intercellular adhesion molecule (ICAM-1; CD54) and augmentation of phytohemagglutinin 
(PHA)-stimulated T-cell proliferation (Peguet-Navarro et al., 1995; Denfeld et al., 1996; 
Gaspari et al., 1996).  The findings suggest a role of CD40 in the control of epithelial cell 
growth and differentiation as well as regulation of inflammation. For comparison, it has been 
shown that LMP1 stimulates interleukin-6 (IL-6) production in an NF-kB dependent manner 
in epithelial cells (Eliopoulos et al., 1997). However, in addition, LMP1 expression also 
activates Ras/MAPK/ERK pathway, p38MAPK pathway, and JNK(c-Jun-NH2-terminal 
kinase) pathway resulting in the induction of the transcription factor c-Jun/AP-1 (Kieser et al., 
1997; Roberts and Cooper, 1998; Eliopoulos et al., 1999; Hatzivassiliou et al., 1998; 
Elipoulos and Young , 1998). 
 
LMP1 is a constitutively active receptor without a ligand. The six transmembrane domains 
serve to promote aggregation of the protein in the plasma membrane, thereby mimicking the 
receptor crosslinking effect induced by the interaction of trimeric CD40 ligand with its 
receptor (reviewed in Young et al., 1998). The clustering of the LMP1 cytoplasmic domain 
stimulates TRAF-mediated NF-κB activation, as does the clustering of the CD40 cytoplasmic 
tail induced by ligand binding (Mosialos et al., 1995; Rothe et al., 1995). In 293 cells and B 
cells, the function of LMP1 is solely dependent on oligomerization of its carboxy-terminus. 
And the oligomerization is an intrinsic property of the transmembrane domain of wild-type 
LMP1 which causes a constitutive phenotype which can be similar to that of the signalling 
properties of CD40 or the TNF-2 receptor (Gires et al., 1997).  Comparison of CD40 and 
LMP1-mediated events in vivo, suggests that signaling through the LMP1 cytoplasmic tail 
results in an amplified and abnormal mimicry of CD40 functions in vivo, indicating possible 
ways by which LMP1 contributes to the pathogenesis of EBV-associated human disease    
(Stunz et al., 2004). 
 
TRAF2 and TRAF3 associate with the cytoplasmic C-terminus domains of LMP1 and CD40 
through PxQxTS domain, whilst TRAF1 interact directly with LMP1 but not with CD40 
(Cheng et al., 1995; Cheng and Baltimore, 1996; Mosialos et al., 1995; Devergne et al., 1996).  
TRAF2 has been shown to mediate activation of the transcription factor NF-κB upon 
engagement by CD40, TNFRI, or TNFRII. (Rothe et al., 1995; Hsu et al., 1996a). The two C-
terminal functional domains on LMP1 molecule execute different functions in binding to 
TNFR cofactors and activating transcription factors.  For instance, the membrane proximal 
CTAR1 enhances genomic instability in NPC cells (Liu et al., 2004) and the membrane distal 
CTAR2 promotes stress-induced apoptosis (Paper III).   
 
The impact of sequence mutations on biological activities, including immunogenicity of 
LMP1 

As an EBV-associated human tumor, NPC presents a distinctive geographic and ethnic 
prevalence. It has the highest incidence in southern China, followed by Greenland, with a 
medium risk in Northern Africa, and low occurrence in continental North America and 
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Europe. The distribution of NPC has prompted the endeavors to identify LMP1 strain 
variations in relation to different degree of risk of occurrence.  
 
The LMP1 gene is rather well conserved between different viral isolates, only with minor 
differences (Miller et al., 1994). However sequence variations confined to the strains derived 
from endemic regions of NPC have been noted. CAO-LMP1 (termed C-LMP1), isolated from 
a nude mice xenograft of Chinese NPC (Hu et al., 1991b) and 1510-LMP1 reported by Chen 
et al., 1992, both contain multiple amino acid changes and characteristically also show  
deletions of a.a. residues 343-352 (a C-terminal 30-base pair deletion) and a G to T mutation 
resulting in loss of an XhoI restriction site. Hot spots of variation are located to certain 
portions of the LMP1 gene (Edwards et al., 1999). 
 
While such sequence variations are also identified in healthy individuals (Khanim et al., 
1996), the predominant form of LMP1 in the Chinese population being a variant suggests the 
possibility that they contribute to the development of NPC.  It has been shown that both C-
LMP1 and 1510-LMP1 were more tumorigenic in nude mice than the prototype B95-8 LMP1 
(termed B-LMP1).  When expressed in an immortalized but not tumorigenic human 
keratinocyte cell line, Rhek-1, C-LMP1 transfectants showed a higher clonability in soft agar 
and more tumorigenicity in experimental animals than the B-LMP1 counterpart (Hu et al., 
1993, Chen et al., 1992).  

All NPC express EBNA 1 which is essential for maintenance of the viral episome.  It has been 
shown that EBNA1 is not imunogenic, primarily because of its lack of processing of CTL 
epitopes (Gavioli et al., 1992; Murray et al., 1992; Khanna et al., 1992).  While EBNA 1 is the 
only EBV protein present in Burkitt lymphoma, which contributes to why these EBV carrying 
tumor cells are not eliminated by the host antiviral immunity (Rowe et al., 1987). It has been 
known that NPC arises in immunocompetent individuals and often expresses also LMP1. 
LMP1 derived from marmoset cells infected with EBV, B95-8, termed B-LMP1 converts 
nonimmungenic mouse mammary tumor S6C cells into immunogenic tumors which are 
rejected (Trivedi et al., 1991).  
 
Possible mechanisms include selective downregulation of LMP1 expression, methylation in 
the LMP1 promoter sequence, or mutation of LMP1 in LMP1 positive tumors.  It has been 
reported that LMP1 regulatory sequence (LRS) is highly methylated in the 35% of NPC 
patients who are non-LMP1 expressors, in contrast to those that are LMP1 expressors, in 
whose tumors LRS is unmethylated (Hu et al., 1991a). In Paper I, the immunogenicity of 
LMP1 molecules from LMP1-positive and LMP1-negative NPC was compared. B-LMP1 is 
highly immunogenic, as previously observed, and LMP1-positive NPC- derived isolates were 
poorly immunogenic while the isolates from LMP1-negative NPC derived isolates had 
intermediate immunogenicity.  Sequence data revealed that LMP1 genes from LMP1-positive 
NPC had 16 amino acid substitutions, whereas LMP1 gene from LMP1-negative NPC had 
only 9 amino acid changes in the coding region. The results suggested that high frequency 
substitutions reduced the immunogenicity of LMP1 derived from LMP1 positive NPC, 
contributing to the escape of immunosurveillance of the host. 

Regulation of host cell apoptosis by LMP1 

Viruses frequently infect quiescent cells, and they are able to stimulate their host cell into cell 
cycle. Homologues of cellular cyclin have been found in herpesviruses, retroviruses, and 
baculoviruses, and the viral cycline encoded by Kaposi´s sarcoma-assocaited 
herpesvirus/human herpesvirus type 8 (KSHV/HHV8) facilitates both cell-cycle progression 
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and apoptosis (Reviewed in Hardwick, 2000). Ojala et al (2000) reported that the KSHV 
cyclin directs cellular cyclin dependent kinase 6 (CDK6) to phosphorylate Bcl-2, rendering 
instability of the Bcl-2 molecule, which potentiates apoptosis. Although genes encoding viral 
cyclins have not been identified in EBV genome, EBV has also evolved different mechanisms 
to modulate host cell apoptosis. 

It was noted that upon in vitro cultivation, tumor biopsies or early passage BL cell lines which 
only expressed EBNA1 showed a broadening of EBV latent gene expression to that 
characteristic of lymphoblastoid cell lines (LCL), and the cells rapidly assume an LCL-like so 
called group III surface phenotype (Rooney et al. 1986; Rowe et al., 1987). The shift of EBV 
antigen expression spectrum is accompanied by a survival advantage of EBV carrying cells. It 
has been shown that an EBV negative BL cell line, Bjab became resistant to serum starvation 
when transfected with an LMP1 expressing vector, and anti-apoptotic molecule Bcl-2 was 
upregulated (Henderson et al., 1991). 

Activation of NF-κB is the hallmark of biological activities of LMP1 (Hammarsjöld and 
Simurda, 1992). A member of TNFR superfamily, TNFR1 is aggregated upon binding with its 
ligand. The ligation of TNFR1 triggers two arms of apoptosis and inhibition of apoptosis.  
The inhibition is achieved by synthesis of a panel of apoptotic regulators which are NF-κB 
dependent. These factors include, zinc finger protein A20 (Krikos et al., 1992), Bcl-XL(Chen 
et al., 2002), Bfl-1/A1 (Wang et al., 1999; Zong et al., 1999), c-IAP2 ( Chu et al., 1997, Wang 
et al., 1998 ) and  FLIP (Micheau et al., 2001).  Bcl-XL and Bfl-1/A1 are two anti-apoptotic 
members of the Bcl-2 family, but other members of the same family do not seem to fall into 
this category.  Consistent with this concept, TNF alone, in the absence of inhibitor of de novo 
protein synthesis, e.g. cycloheximide (CHX) or transcriptional inhibitor, e.g. actinomycin,  
does not induce apoptosis in cultured cells upon aggregation of the corresponding receptor 
(Tartaglia et al., 1993). The determination of survival and apoptosis by the signaling of NF-
κB during the TNFR1 ligation has been documented by Micheau and Tshopp (2003). The 
anti-apoptotic zinc finger protein, A20, has shown to be upregulated also in BL cells upon 
introduction of LMP1 (Laherty et al., 1992). Regulation of expression of some molecules by 
NF-kB has been studied using a dominant negative I-κB construct in an LCL line (Cahir-
McFarland et al., 2000). While NF-κB inhibition caused host apoptosis dependent on signals 
which remain less well characterized, TRAF1, Bfl-1, and BclXL were identified as NF-κB 
dependent, and together with A20, cIAP-2, cFLIPs, the NF-κB dependent genes were further 
confirmed by RNA profiling (Cahir-McFarland et al., 2004).  The activation of NF-κB mainly 
stimulates cell survival and proliferation. It has also been reported that in some context, NF-
κB can be pro-apoptotic (for review, see Barkett and Gilmore et al., 1999).  For instance, T 
cell receptor engagement and DNA damage may activate NF-κB, resulting in the upregulation 
of Fas ligand and stress-induced apoptosis (Kasibhatla et al., 1998; Kasibhatla et al., 1999). 
Interestingly, irradiation has been shown to induce Fas ligand expression in NPC cells 
(Abdulkarim et al., 2000). In fact, it has been observed that in a BL line, a proapoptotic 
molecule, Fas/ApoI/CD95 was NF-κB inducible (Cahir-McFarland et al., 2004).  Similar to 
the report from another laboratory (Nitta et al., 2001), we have shown that cisplatin-induced 
apoptosis was blocked by the pharmacologic inhibitor Bay 11-7082, as well as by a dominant 
negative IκB construct, suggesting NF-κB dependence (Paper IV).    
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Figure-3 Model of TNFR1 mediated apoptosis. After biding of TNF to TNFR1, rapid 
recruitment of TRADD, RIP1, and TRAF2 occurs (Complex I). Subsequently TNFR1, 
TRADD, and RIP1 become modified and dissociated from TNFR1. The liberated death 
domain (DD) of TRADD (and/or RIP1) now binds to FADD, resulting in caspase-8/10 
recruitment (forming complex II) and resulting in apoptosis. If NF-kB activation 
triggered by complex I is successful, cellular FLIP levels are sufficiently elevated to 
block apoptosis and cells survive (adapted from Micheau and Tschopp, 2003; permission 
by Elsevier, Inc.). 

 

The apoptotic modulation by LMP 1 is host cell type dependent. A20 but not Bcl-2 has been 
shown to be upregulated by LMP1 in epithelial cells. A20 induced by LMP1 inhibited 
temperature sensitive p53 mediated apoptosis in a lung cancer cell line, Ht1299 (Fries et al., 
1996), but LMP1 enhanced TNF-alpha induced apoptosis in a small intestinal 407 epithelial 
cell line even though A20 was induced (Kawanishi, 2000).  A20 induction by LMP1 has also 
been identified in our experiments (Paper II). When expressed in cervical cancer-derived 
HeLa cells, tetracycline regulated LMP1 reduced TNF-induced apoptosis, but potentiated Fas-
ligation and chemotherapeutical agent induced apoptosis. A20 has been known as a TNF 
inducible anti-apoptotic protein (Opipari et al., 1992). Dixit and associates showed that LMP1 
upregulated A20 in DG 75 cells, conferring resistance to apoptosis (Laherty et al., 1992).  It 
has been shown that A20 is composed of a DUB (de-ubiquitinating) enzyme domain (of OTU 
ovary tumor family) at its amino terminus, and seven zinc fingers (ZF1-7) on its 
carboxylterminus.  A20 also has ubiquitin ligase activity.  ZF3 and 4 are sufficient for the  
enzymatic activity.  The substrate of A20 as ubiquitin ligase is receptor interacting protein 
(RIP), and the consequence of RIP is the inhibition of NF-κB signalling (Wertz et al., 2004).  
In our study, A20 was found to correlate with inhibition of TNFRI mediated cytotoxicity 
(Paper II). 
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Apoptotic potentiation is a viral strategy utilized during the lytic infection of viral life cycles.  
Accelerating cell death may facilitate a prompt departure of the viruses from an unfavorable 
environment, and establish parasitism in new hosts. LMP1, as a latent infection protein, may 
also potentiates apoptosis, mainly observed in epithelial cells (Kawanishi, 2000; Paper II). 
And in vivo correlation has been reported between LMP1 expression and outcome of 
treatment in Hodgkin´s Disease (Montalban et al. 2000). We have observed LMP1 dependent 
enhancement of the activity of caspase-3, triggered by challenge with etoposide (Paper II).  

While LMP1s effect on the death receptor-mediated apoptosis has been well characterized in 
terms of molecular recruitment and interaction, the molecular mechanisms of the signaling of 
cell-stress induced apoptosis, i.e. apoptosis triggered by genotoxins, like chemotherapeutical 
agents, or irradiation remain less well understood. It has been shown that CTAR2 binds 
TRADD as well as the receptor interacting protein (RIP).  However the binding of RIP and 
TRADD does not confer apoptosis. Also LMP1 does not require RIP for NF-κB activation 
(Izumi et al., 1999). The TNFR1 adapter protein, TRADD when recruited to TNFR1 causes 
host cell apoptosis.  In fact, TRADD recruited to TNFR1 functions as adapter protein to 
recruit several structurally and functionally divergent proteins, including FADD, RIP, 
TRAF2, and cellular inhibitors of apoptosis (Hsu et al., 1996b; Shu et al., 1996; Hsu et al., 
1996).  The interaction of TRADD with FADD leads to apoptosis (Hsu et al., 1996a; Boldin 
et al., 1996; Muzio et al., 1996), while its interaction with TRAF2 and RIP activates NIK, 
leading to NF-κB activation (see above; Liu et al., 1996; Malinin et al., 1997, Natoli et al., 
1997; Song et al., 1997). Two independent TNF-R1 signaling pathways, leading to either 
apoptosis or NF-κB activation, bifurcate at TRADD.   The finding that LMP1 associates with 
RIP stimulates exploration of possible interactions between LMP1 and RIP-related adaptor 
molecules which binds caspase-2, recently known as the regulator of mitochondrial 
permeabilization (Robertson et al., 2002; Guo et al., 2002; Paroni et al., 2002; Lassus et al., 
2002).   Duan and Dixit (1997) described an adaptor molecule, RAIDD, which has an unusual 
bipartite architecture comprising a carboxy-terminal death domain that binds to the 
homologous domain in RIP and a serine/threonine kinase component of the death pathway. 
The amino-terminal domain is surprisingly homologous with the sequence of the prodomain 
of two caspase/CED-3 family members, human caspase-2 and C elegans CED-3. This similar 
region mediates the binding of RAIDD to caspase-2 and CED-3, serving as a direct link to the 
death proteases. A molecule nearly identical to RAIDD, CRADD has been identified; it 
functions like FADD by recruiting caspase-2 to the Fas/TNFR1 complex, through interaction 
of its N-terminal domain with a homologous motif in the prodomain of caspase-2 (Ahmad et 
al., 1997). Furthermore, recent studies shaow that PIDD (p53-induced death domain 
containing protein) may form a complex with RAIDD and caspase-2, resulting in caspase-2 
activation (Tinel and Tschopp, 2004).  These discoveries prompt efforts to characterize the 
events linking caspase-2 and LMP1, and possible interactions between these molecules.  
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Aim of the study 
 
EBV can infect epithelial cells and establish latency. The tight association of EBV infection 

with a human tumor of epithelial origin, NPC, and the high frequency of a transforming 

protein (LMP1) in NPC, as well as the molecular interactions it engages, suggests a role for 

LMP1 in the host-virus involvement in the initiation and/or progression of this cancer. 

 

The aims of the present study were to: 

---Investigate the possible role of genetic variation/mutation in LMP1 that may result in 

immune escape of LMP1-expressing malignant cells. 

--- Improve our understanding of the effect of LMP1 on apoptosis triggered by different 

stimuli, using an epithelial cell model . 

--- Dissect the molcular pathways of the modulation of stress-induced apoptosis by LMP1, 

with the ultimate purpose to see if LMP1 may affect the response to treatment of LMP1 

positive tumors in vivo 
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Methods and model systems 

The methods used in the current thesis are discussed in detail in Paper I-IV.  However, in this 
section, an overview of some techniques and procedures, along with a brief description of the 
cellular model system, is provided. 

Cell lines used in the present thesis: 

HeLa was derived from a cervical cancer patient (Scherer et al., 1953), TW03 cells was 
established from a Taiwanese NPC patient (Lin et al., 1993). Raji cells were derived from the 
tumor biopsy of a BL patient (Pulvertaft, 1964); it harbors EBV DNA sequence, and express 
EBNAs, but does not produce other viral proteins (early antigen: EA or viral capsid antigen: 
VCA). Jurkat is a cell line of human leukaemic T cell lymphoblast (Weiss et al., 1984); 

 

1. Analysis of methylation using restriction enzymes 

While EBV is tightly associated with undifferentiated form of NPC, and 100% cases are 
positive for the nuclear protein essential for maintenance of viral episome, EBNA1, 30-60% of 
these cases is LMP1 expressing.  The expression of LMP1, whose transforming ability has 
been demonstrated in in vivo studies, profoundly affects the biological behaviours of the host 
cells.  In Paper I, immunogenicity was compared between LMP1 isolates from LMP1 positive 
and negative NPCs, by assessing the tumor uptake in preimmunized syngeneic mice after 
injection with a murine mammary tumor cell line transfected with LMP1 gene of different 
origins.   

The expression of highly immunogenic LMP1 is silenced because of the methylation on the 
CpG islands of the LMP1 regulatory sequence.  It has been reported that LMP1 regulatory 
sequence (LRS) is highly methylated in the 35% of NPC patients who are non-LMP1 
expressors, in contrast to those are LMP1 expressors, in whose tumors LRS is unmethylated 
(Hu et al., 1991a).  The status of methylation is studied using digestion with restriction 
enzymes MspI      (M, methylation insensitive) and HpaII (H, Methylation sensitive).  No 
HpaII digested bands were visible in LMP1 non-expressing cells, suggesting of the methylation 
on the LMP1 promoter regions.      

2. Tetracycline regulated gene expression system. 

A reconstructed operation system which allows eukaryotic genes to be expressed under the 
addition of tetracycline was described (Gossen and Bujar, 1992).  A tetracycline-controlled 
transactivator was created by fusing the tet repressor with the activating domain of virion 
protein (VP) 16 of herpes simplex virus.  The transactivator stimulates transcription from a 
minimal promoter derived from human cytomegalovirus promoter IE combined with tet 
operator sequences.  The promoter drives high level of expression of an integrated luciferase 
gene, and the activity is sensitive to tetracycline.  The system not only allows differential 
control of the activity of an individual gene in mammalian cells but also is suitable for 
creation of "on/off" situations for such genes in a reversible way.  The regulation systems are 
classified into tet off and tet on depending on whether the binding of the expressor requires 
the absence or presence of tetracycline. An improved regulatory system has been created by 
generating a tetracycline controlled transcriptional silencers (tTS) that bind promoters 
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responsive for rtTA in absence of the effector doxycycline (Dox), a derivate of tetracycline 
with longer half life. The new system appears particularly suited for the transfer of toxic 
genes into appropriate chromosomal sites as well as for tight regulation of genes carried by 
viral or episomal vectors (Fruendlieb et al., 1999). 
 
Two recombinant plasmids, expressor and responder of tTA were further engineered by 
inserting cDNA of the LMP1 gene and resistance genes for geneticin and hygromycin 
(Floettmann et al., 1996).  The system makes possible experiments to observe the immediate 
effects of LMP1 on host cells, and avoids selection of LMP1 tolerating cells by post-
transfection antibiotics treatment. The effects of LMP1 are investigated by comparing the 
same cell line with or without tetracycline, rather than transfectant and mock.  One major 
finding by Floettman et al. was the cytostatic effects of regulated LMP1 on several BL 
derived cell lines. 
 
The above mentioned plasmids were introduced to HeLa cells, of epithelial origin by two- 
round transfections (Paper II).  The transfected cells were selected by pre-titered doses of 
geneticin and hygromycin and in the presence of tetracycline.  After obtaining and growing up 
the transfected cells after the first round of transfection, the tetracycline regulation of the 
clones was tested by transiently transfecting the cells with responder plasmid pUHC 13-3. 
The activity of luciferase was compared between cells cultured with or without tetracycline.  
The clones with the largest response and lowest basal luciferase activity was chosen for the 
next round of transfection with a responder with LMP1 cDNA.  After this second transfection 
round, regulated LMP1 expression was tested by culturing the cells in the same way as above, 
and the clones with clearcut LMP1 induction were chosen for further experiments.       

 

3. Promoter driving luciferase activity assay 

In the present study, two reporter plasmid systems based on the NF-κB promoter and 
activation domain of c-Jun were used, to evaluate the activities of NF-κB and JNK.  The 
plasmids were 3Enh.κB-ConALuc reporter contains three tandem repeats of the NF-κB-
binding sites from the Ig-promoter located upstream of a minimal conalbumin promoter 
controlling a luciferase gene (Arenzana-Seisdedos et al.,1993); PathDetect reporter system 
including a pathway-specific fusion trans-activator as in frame fusion of an activation domain 
of c-Jun gene and a DNA binding domain of the yeast trans-activator GAL4, and the pFR-Luc 
reporter plasmid for expression of the luciferase gene controlled by a synthetic promoter that 
contains the yeast GAL4 upstream activating sequence (UAS) (Smeal et al., 1994; Sadoski 
and Ptashne, 1989).  The activity of the genes of interest was assayed by firefly luciferase 
reporter.  The system takes advantages of (1) reporter activity is available immediately upon 
translation since the protein does not require post-translational processing (de Wet et al., 
1987); (2) high sensitivity of the assay; (3) The assay is rapid, requiring only a few seconds 
per sample.  

The cells were lysed with 1x lysis (Cell culture lysis reagent: CCLR), and then the lysates 
were transferred to microcentrifugation tubes.  Supernatant was saved after centrifugation. 
The samples were mixed and immediately measured in luminometer with 2 s delay and was 
followed by 10 s measurements for luciferase activity.  The transfection efficiency of different 
samples was calibrated by calculating the ratio of the luciferase light units and OD420 
registered from the beta-galactosidase activity expressed from the co-transfected 
cytomegalovirus CMV-Gal construct, in which a bacterial beta-galactosidase gene is 
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constitutively expressed from the human CMV immediate-early promoter.  The data were 
presented as mean +/- standard deviation (SD) from three independent tests.    

4. Assay of caspase activity with fluoregenic substrates. FACS-based measurement of 
mitochondrial membrane potential (MMP) with cautionic probe TMRE and exposure 
of phophatidylserine (PS) 

In the present thesis, apoptosis was quantified by measuring the cleavage of AMC-coupled 
tetrapeptide substrate representing the recognition motif of caspases-2 and 3 (Paper II, III, and 
IV).  Thornberry et al. used a positional scanning substrate combinatorial library was used to 
define the specificities of members of caspase family (Thornberry et al., 1997). The specifities 
of caspases  3, and 7 suggest they act as effector phase of apoptosis.  The cleavage specificity 
of caspase-3 was determined as DEVD (Asp-Gln-Val-Asp).  A study using a combinatorial 
library showed that DEVD was cleaved effectively by caspase-3 and -7 but not at all by 
caspase-2. In another approach a series of defined peptides were used and relative Vmax and 
Km values were measured for the different caspases. This study found that caspase-2 was 
unique in its requirement for a P5 (position 5) amino acid residue and defined VDVAD as the 
optimal substrate and inhibitor of caspase-2 (Talanian et al.,1997).  
 
Cell lysates and substrates were combined in a reaction buffer (100 mM HEPES, 10% 
sucrose, 5 mM dithiothreitol (DTT), 10-6% NP-40 and 0.1% 3-[(3-cholamidopropyl) 
dimethylammonio] propane-1-sulphonic acid (CHAPS), pH 7.25) and added in duplicates to a 
96-well plate(Nicholson et al., 1995; Fadeel et al., 1998). The cleavage of the fluorogenic 
peptide substrate DEVD-AMC was monitored by AMC liberation in a plate reader using 355 
nm excitation and 460 nm emission wavelengths.Fluorescence was measured every 70 s 
during a 30 min period and fluorescence units were converted to picomole of AMC using a 
standard curve generated with free AMC. Data from duplicate samples were then analyzed by 
linear regression and are displayed as picomole AMC release per min. 
 
Previously known only as the power generator of the cell, the mitochondrion is now also 
regarded as a key element of apoptosis induction.  When challenged with different types of 
stimulus, mitochondria are permeabilized, some mediater molecules are traslocated to 
cytoplasma.  Cytochrome c, when transported from the mitochondrial compartment to 
cytoplasma, it forms apoptosome with Apaf-1 and caspase-9, and initiate activation of 
downstream caspases (Li et al., 1997b).  The mitochondrial membrane potential (MMP) is 
essential for the function of these organelles.  A dissipation of the MMP has been proposed to 
be early event in cells undergoing apoptosis (Kroemer et al., 1997).  A reduction of the 
incorporation of the dyes like cationic lipophilic fluorochrome tetramethylrhodamine 
ethylester (TMRE) is indicative of a drop in MMP.  

In the present thesis (Paper III, IV), we also also used FACS-based measurement of exposure 
of phophatidylserine (PS) to assessment cellular apoptosis.  

Under physiologic condition, PS is sequestered on the inner leaflet of the plasma membrane, 
but it has been demonstrated to flip to the outer leaflet during apoptosis (Fadok et al., 1992; 
Martin et al., 1995; Fadeel et al., 1999).  The calcium dependent binding of annexin V (The 
assay buffer: Hepes 10 mM, NaCl 150 mM, KCl 5mM, MgCl2.6H2O 1mM, CaCl2.2H2O, 
1,8mM) can be used as a convenient measurement of PS exposure.  The cells are stained 
simultaneously with the membrane-impermeable chromatin dye 1,25 µg/ml propidium iodide 
(PI) to distinguish cells which have disrupted membranes; all cells losing plasma membrane 
integrity will stain positive for annexin V.  
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Results and discussion 

Paper I: Immunogenicity of LMP1 isolates 

BL and NPC are human tumors tightly associated with EBV infection. Both malignancies 
arise in immunocompetent individuals, and EBNA1 is expressed in the tumor cells. It has 
been found that EBNA1 fails to be recognized by cytotoxic T lymphocytes (CTL), partly due 
to the presence of glycine-alanin (Gly-Ala) repeats that prevent its proteasomal degradation so 
that the viral protein cannot be presented to immunocompetent cells. More than 65% of all 
EBV-positive NPC is also positive for LMP1 (Fahraeus et al., 1988; Young et al., 1988). In 
LMP1-negative NPC cases, it has been found that its regulatory element, LRS is highly 
methylated (Hu et al., 1991a). It has also been shown that in contrast to the prototype LMP1 
isolate derived from B95-8 EBV strain (termed B-LMP1), the LMP1 isolate from the nude 
mice xenograft of a Chinese NPC, Cao, termed C-LMP1, is non-immunogenic (Trivedi et al., 
1994). The result indicates that immunogenic epitopes were mutated to non-immunogenic 
ones in LMP1-positive NPC cells. In the present study, LMP1 genes derived from two LMP1-
positive and two LMP1-negative NPC, as well as B- and C-LMP1 were compared for their 
immunogenicity. The data showed that whereas B-LMP1 and LMP1 from LMP1-negative 
NPC were highly immunogenic, LMP1 from LMP1-positive NPC was intermediately 
immunogenic, and C-LMP1 was non-immunogenic. The immunogenicity of LMP1 from 
LMP1-positive and -negative NPC correlated with the incidence of amino acid changes. The 
mutations in LMP1 genes which reduce their immunogencity may allow the EBV-carrying 
malignant cells to escape host immune surveillance, and contribute to the development of 
NPC. 

Paper II: Apoptosis modulation by LMP1 

LMP1 expression protects B lymphocytes from programmed cell death through induction of 
the anti-apoptotic molecule, Bcl-2 (Henderson et al., 1991). Epithelial cells constitue another 
group of EBV target cells, and NPC shows the tightest association with EBV infection of all 
its virus associated tumors; 30-60% of all EBV-positive cases are also positive for LMP1 
(Fahraeus et al., 1988; Young et al., 1988). These findings raise the possibility that LMP1 
may somehow contribute to the occurrence of NPC. On the other hand, the effects of LMP1 in 
modulating host cell apoptosis remain unclear; according to available reports LMP1 may 
either inhibit or potentiate apoptosis. In the current study, HeLa cells were transfected with 
two recombinant plasmids, so that in the transfected cells, the expression of LMP1 was tightly 
regulated by the addition or removal of tetracycline. This on-off system allows the study of 
the immediate effect of LMP1. Apoptosis was triggered by the challenge with recombinant 
human TNF-alpha, ligation of Fas /ApoI/CD95 by crosslinking with specific monoclonal 
antibody or a chemotherapeutical agent, etoposide, and was quantified by assessment of in 
vitro cleavage of the fluorogenic caspase substrate, DEVD-AMC. The results showed that 
when LMP1 was expressed, TNF-alpha induced apoptosis was reduced, but the apoptosis 
induced by Fas ligation and etoposide was potentiated. It was observed that anti-apoptotic 
A20 was upregulated upon LMP1 expression, which may explain the selective suppression of 
apoptosis induced by TNF-alpha. On the other hand, Bcl-2 simultaneously decreased in 
LMP1-expressing cells. The latter may help to explain the potentiation by LMP1 of apoptosis 
induced by Fas ligation and etoposide, since these stimuli are thought to act via mitochondrial 
amplification of the initial death signal (Scaffidi et al., 1998; Lassus et al., 2002). 
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A model of stimulus-dependent modulation of LMP1 in epithelial cells may offer a better 
understanding of the signaling pathways that control survival and death of epithelial cells 
leading to an optimal therapeutical regimens of EBV-associated epithelial tumors, especially 
NPC. 

Paper III. LMP1 potentiates caspase-2 dependent apoptosis 

Our studies have shown that Epstein-Barr virus (EBV)-encoded latent membrane protein 1 
(LMP1) enhances etoposide induced apoptosis in epithelial cells. This study was undertaken 
to further dissect the modulation of tumor cell apoptosis by this viral protein. Using an 
inducible system of LMP1 expression in HeLa cells, we show herein that etoposide-triggered 
apoptosis, as evidenced by nuclear condensation and caspase-3 activation, is enhanced by 
LMP1. LMP1 also potentiates etoposide-induced processing and activation of caspase-2 in 
this model and enhances the dissipation of mitochondrial transmembrane potential and the 
release of cytochrome c in response to etoposide. Moreover, cisplatin-triggered activation of 
caspases 2 and 3 is potentiated upon expression of LMP1. A similar LMP1-mediated 
enhancement of cisplatin-induced caspase activation was seen upon stable transfection of 
wild-type LMP1 into the nasopharyngeal carcinoma cell line, TW03. Finally, using deletion 
mutants of LMP1 to determine the region of LMP1 required for apoptosis potentiation, we 
found that amino acids 350–386 (located within the CTAR2 domain) were responsible for 
sensitizing cells to cisplatin. We conclude that LMP1-dependent potentiation of stress-
induced apoptosis occurs at an early step in the apoptosis cascade, upstream of the activation 
of caspase-2, and involves the C-terminal signaling domain of LMP1 (Figure-4). These 
findings could have implications for the treatment of EBV-associated malignancies of 
epithelial origin, especially nasopharyngeal carcinoma. 
 
 

                                        
 
    
Figure-4 Scheme of possible mechanisms of LMP1 modulation of stress-induced apoptosis.  LMP1 potentiates 
apoptosis in epithelial cells through its action on NF-κB and/or JNK, to modulate the activity of caspase-2 
upstream of mitochondria.  LMP1 may thus affect caspase-3 directly or indirectly, to enhance apoptosis in 
response to cellular stress. (From Paper III, cited with permission of Wiley-Liss, Inc.)  
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Paper IV. NF-κB and JNK dependent apoptotic regulation by LMP1   

We have shown that EBV-encoded latent membrane protein 1 (LMP1) potentiates 
chemotherapeutic agent-induced apoptosis in HeLa cells and nasopharyngeal carcinoma 
(NPC)-derived TW03 cells.  The effect intersects upstream of caspase-2 dependent 
mitochondrial perturbation, and is mapped to the membrane distal functional domain of 
LMP1, carboxylterminal activation region 2(CTAR2) (Zhang et al., 2005).  The implication 
of molecular interactions involving CTAR2 was assayed in the present study to dissect the 
mechanistic aspects of regulation of stress-induced apoptosis by LMP1.  The result showed 
that the apoptotic potentiation by LMP1 was partially inhibited by introduction of IκB 
dominant negative construct, addition with pharmacologic inhibitors of NF-κB, Bay 11-7082, 
or of c-Jun N-terminal kinase (JNK), SP600125, as assayed by caspase 2 and 3 activity, and 
loss of membrane potential of mitochondrion with the cationic probe, TMRE. Taken together, 
our data suggest that LMP1 modifies the stress-induced apoptosis in epithelial cells through 
NFkB- and JNK-signalling induced by the membrane distal functional domain CTAR2.   

Added in press: 

LMP1 was also shown to increase annexin positive cell populations in TW03 cells, 
challenged with irradiation, the first line therapy for in vivo tumor of NPC. 
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Concluding remarks 

LMP1 is a transforming, immunogenic EBV protein expressed in NPC, an EBV-associated 
human tumor occuring in immunocompetent host individuals. Mutations in LMP1 that reduce 
immunogenicity have been studied in isolates derived from endemic regions of NPC. The 
comparative study described herein indicates that such mutations may be more frequent in 
isolates from LMP1-positive tumors than in those from LMP1-negative tumors. The aa-
variation in LMP1 oncoproteins identified in isolates from endemic regions results in 
alterations in both immunogenicity and in their ability to transduce intracellular signals. 
However, it is still an open question whether geographical and/or ethnic specific rather than 
disease-specific LMP1 variation/mutation may relate to the high incidence of NPC in these 
areas.  

The apoptotic inhibition exerted by LMP1, through induction of apoptotic regulators, is likely 
to be a viral strategy to support its survival in a cell population. However, no consistent 
effects of apoptotic modulation by LMP1 have been observed previously in epithelial cells. 
We show herein that LMP1 can modulate host cell apoptosis in a stimulus-specific manner.  
The enhancement of apoptosis resistance in the targetted cells by LMP1 may contribute to 
oncogenesis of cells of epithelial origin. Moreover, the potentiation of apoptosis by LMP 1 in 
reponse to chemotherapeutic drugs, and as preliminary data show to irradiation, may 
influence the treatment response and prognosis of LMP1-positive versus LMP1-negative 
tumors.  
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Future studies 

 

• The immunogenicity of LMP1 as well as its ability to transduce cellular signals has 
been compared in LMP1 isolates from different origins (Trivedi et al., 1991; Miller et 
al., 1998; Dawson et al., 2000; Blake et al., 2001). The altered ability in transduction 
of cellular signals by LMP1 strains from NPC endemic region may explain their link 
with NPC development, although their disease specificity has not been established. 
Further studies of the biological activities in conjunction with the immunogenicity 
data may lead to an understanding of the role LMP1 plays in development of NPC. 

• Recent findings in our laboratory suggest that in a model of cellular-stress induced 
apoptosis, exemplified by chemotherapeutical agent challenge, LMP1 potentiates 
apoptosis, as shown herein (Paper II), and LMP1 intersects at early steps, upstream of 
mitochondrial perturbation and caspase-2 activation (Paper III.). While LMP1 
regulates death receptor-induced apoptosis through activation of apoptotic regulators 
dependent on NF-κB, e.g. the zinc finger protein A20, it remains to further elucidate 
the pathway(s) that connect LMP1 and caspase-2.  

• Findings in Paper III form the basis for the work that molecular interactions involving 
CTAR2 of LMP1 may be implicated in the regulation of stress-induced apoptosis by 
LMP1. We have further shown with specific inhibitors that NF-κB and JNK pathways 
are responsible for the apoptosis triggered by cisplatin, a common chetherapeutic 
agent (Paper IV).  NF-κB has also been known to be pro-apoptotic.  The 
mechanism(s) of enhancement of apoptosis via NF-κB warrants further efforts.    

• Further efforts also deal with generalizing cellular-stress induced apoptosis. As a 
follow up of paper IV we have now shown that LMP1 also can modulate irradiation-
induced cell death in NPC cells (unpublished). As irradiation is the first line therapy 
for NPC, this could be clinically relevant.  It will be of interest to compare the LMP1 
modulation of etoposide or cis-platin with that of irradiation, when it comes molecular 
pathways. 
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