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A historical comparison to the life of a Ph.D. student:-

Lapsed into a state of almost mindless depression and stupor,
Robert Bruce king of Scots perceived that, although his wits had
sunk into a dull vacancy, his senses had not. He had, in fact, been
heavily watching a spider which was striving assiduously to
attach it’s slender thread to a point on the sheer rock wall of the
cave.

Four times it had gone through the difficult and involved process
without success. The fifth attempt again ended in failure. The
sixth effort showed intelligence as well as determination and it
looked as though this effort might succeed- but no.

“It is of no avail” the Bruce muttered, shaking his head. “Can you
not see it?”

But the spider would not admit defeat. Undeterred it launched
itself downwards with unabated resolve, and this time it managed

to hold on to the cave wall.

“Now, by the saints,- here is a wonder!” Bruce exclaimed.
“Six efforts did not deter this spider. Shall I despair more easily?”’

Adapted from The Path of the Hero King, by Nigel Tranter, 1970.
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Abstract

There is an ever increasing list of disease states which have
been shown to have an association with EBV latent infection. In
particular research has focused on the latent membrane protein
(LMP-1). Study of this gene has largely been restricted to B-cells
in vitro due to the inability to infect epithelial cells with EBV in
vitro. This has resulted in little information concerning the effects
of LMP-1 in an epithelial environment. As a consequence, the role
of LMP-1 in nasopharyngeal carcinoma (NPC), with which EBV is
most closely associated, is poorly understood.

Creation of transgenic mice where LMP-1 is directed to the
epithelial cell compartment has therefore achieved two important
goals. LMP-1 can now be studied in an epithelial cell in vivo
whilst the mice provide the first step in a model for the disease
state of NPC. In this study the mechanism of action of LMP-1 in
the PyLMP-1 line 53 of transgenic mice has been investigated. In
addition, a study on the progression of the transgenic LMP-1
induced hyperplastic phenotype to carcinoma has been conducted.

Firstly, using immunohistochemical techniques, the
hyperplastic  epidermal phenotype of the PyLMP-1 mice
previously reported.is shown to result from a 2-3 fold increase in
the rate of cellular proliferation whilst differentiation continues
unimpeded in the transgenic skin.

Secondly, the mouse skin  model of multi-stage
carcinogenesis is utilised to show that LMP-1 does not act as an
initiator of carcinogenesis nor does it affect the conversion to a
more malignant tumour. However, LMP-1 does function to
increase both the rate and number of lesions forming during
chemical tumour promotion, and more importantly LMP-1 acts as
a weak or second stage promoter on it’s own. This finding has
significant implications for NPC.

Thirdly, by cross-breeding PyLMP-1 line 53 with other lines
of transgenic or knockout mice it is shown that LMP-1 does not
co-operate with activated Ha-ras or loss of p53 function in
tumour progression. However, the combination of the PyLMP-1
transgene and KI10-TGFf1 transgene results in embryonic lethality.

Lastly, the EpuLMP-1 line 39 transgenic mice which express
LMP-1 in the B-cell compartment at very low levels have been
studied for a 24 month period and shown to succumb to a long
latency lymphoma.
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Comnionly used abbreviations

oo Amino acid

bp- Base pair

BL (e or s)- Burkitt’s lymphoma (endemic or sporadic)
BrdU- Bromo-deoxyuridine
C/N-terminus- Carboxy or Amino terminus

CR2- Complement receptor type 2

CST- Complementary strand transcript
d7- Day 7

DMBA- Dimethylbenzanthracene

DNA- Deoxy-ribonucleic acid

EBNA- . Epstein-Barr virus nuclear antigen
EBV- Epstein-Barr virus

EGF/R- Epidermal growth factor/Receptor
Eu- IgH heavy chain intronic enhancer
FCS- Foetal calf serum

Ha-ras- Harvey-ras

HD- Hodgkin’s disease

K (6)- Keratin

LCL- Lymphoblastoid cell line

LMP- Latent membrane protein

LOH- Loss of heterozygosity

mRNA- Messenger RNA

NF-xB - Nuclear factor xB

NPC- Nasopharyngeal carcinoma

ORF- Open reading frame

PKC- Protein kinase C

Py- Polyoma

RAR- Retinoic acid receptor

RNA- Ribonucleic acid

RS- Reed-Sternberg

ST- Stromelysin

TANK- TRAF family member associated NF- xB activator
TGF- Transforming growth factor
TNF/R- Tumour necrosis factor/Receptor
TPA- 12-O- tetradecanoylphorbol-13-acetate
TRAF- TNF receptor associated factor

ts- Temperature sensitive

WT- Wild-type
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CHAPTER 1:- GENERAL INTRODUCTION

1A. EPSTEIN-BARR VIRUS.

Epstein-Barr Virus (EBV) is a human herpes virus which is
common in all human populations (for reviews see Kieff, 1996;
Rickinson and Kieff, 1996). Primary infection with EBV usually
occurs at an early age, is clinically inapparent, and results in
lifelong virus persistence in a latent state which the host immune
system keeps under surveillance. However, if infection with EBV is
delayed, infectious mononucleosis, a lymphoproliferative disorder,
often ensues. Malignant diseases have also been identified in
latently infected humans, in which EBV is thought to play a key
role. These include Burkitt’s Lymphoma (BL), immunoblastic B cell
lymphomas, certain T cell lymphomas, Hodgkin’s disease (HD), and
Nasopharyngeal Carcinoma (NPC). The focus of this thesis concerns
the oncogenic activity of one of the viral proteins expressed
during latency, the latent membrane protein-1 (LMP-1), and its
mechanism of action with particular respect to Nasopharyngeal
Carcinoma (NPC).

1A.1 nom rganisation.

The genome of EBV within its virion is a linear duplex
deoxyribonucleic acid (DNA) molecule of approximately 172,000bp
(see figure 1.1). The ends of the linear virion DNA contain direct
repeats, described as the terminal repeats, which fuse together
allowing circularization of the molecule in the infected cell.

Figure 1.1:- Linear map of the EBV viral genome.

This linear map shows the relative positions of the coding exons of
the latently transcribed genes. The genome circularizes in latently
infected cells via fusion of the terminal repeats (TR), therefore the
LMP2 transcripts are transcribed across this fused TR region.
(Adapted from Rickinson and Kieff, 1996).
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The size varies depending on the EBV strain, with the proto-
type B95-8 strain (derived from an infectious mononucleosis
patient and passaged in cotton top tamarins) being most
commonly quoted. Two major polymorphisms are known, based
on a heterogeneous sequence of the Epstein-Barr virus nuclear
antigen-2 (EBNA-2) gene and the  restriction enzyme
polymorphisms observed in several parts of the viral genome.
These have led to the term types 1 and 2 EBV (Abdel-Hamid et al.,
1992) where type 1 has a more efficient transforming ability than
type 2. One of the restriction enzyme polymorphisms is
characterised by an extra BAMHI1 site within the BAMHI-F
fragment of EBV, giving rise to a small fragment called BAMHI-f
or simply the "f" variant.

The EBV linear map is organised according to the different
size of fragments generated by Bam HI digestion with most latent
genes reading from left to right, and most lytic genes reading right
to left. Initially many proteins were termed after the Bam HI
fragment harbouring the coding exons and the direction of their
expression. For example, LMP-1 was originally referred to as
BNLF-1 (Bam H1 fragment N, Left Frame number 1(Baichwal and
Sugden, 1988)). LMP-1 has also been described as LYDMA
(Lymphocyte-determined membrane antigen (Fennewald et al.,
1984)). It is now commonly referred to as LMP-1 and this is the
nomenclature I will use.

1A.2 Infection and immortalization.

Primary infection is thought to occur in the stratified
squamous epithelium of the nasopharynx where the virus is
thought to replicate during it’s “lytic phase”. The B95-8 virus
genome has been completely sequenced and demonstrated that
90% of the coding capacity of EBV is composed of genes expressed
during the lytic phase of the viral life cycle. These are classed as
immediate-early, early or late genes depending on when they are
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expressed during productive infection, but are not the subject of
this thesis and will not be dealt with in any detail.

The method of entry into the target epithelial cell is
unknown, but from here EBV is believed to gain access into the
circulating B cell population where infection is largely non-
productive and characterises the “latent state”. The interaction of
EBV with B cells is initiated through the virus binding to the B cell
surface molecule, complement receptor type 2, CR2 (Fingeroth et
al., 1984), also given the “cluster of differentiation” number CD21.
This results in vitro in virus induced growth transformation and
subsequent immortalization of the B cell. Cells expressing any class
of surface immunoglobulin (sIg) are targets therefore EBV does
not distinguish between subsets of B cells. The external envelope
of EBV is dominated by the virus-encoded glycoprotein (gp)
gp350/220 through which virus binding to the B lymphocyte
receptor CR2 is mediated (Knox and Young, 1995). The lytic phase
of the viral life cycle ends with cell lysis and the release of newly
formed EBV virions.

Both the infection and immortalization of primary B
lymphocytes with EBV can be efficient. More than 50% of sIg* B
cells isolated from the peripheral blood of an adult human can be
infected with EBV, and the efficiency with which the infected cells
are immortalised is between 30-100% (Reviewed in Middleton et
al., 1991). The proliferating immortal B lymphocytes produced are
called lymphoblastoid cell lines (LCLs) and harbour the viral
genome as an autonomously replicating episome in a latent state.
Only 10% of the coding capacity of EBV is represented by genes of
the latent state of EBV.

1A.3 Latent gene expression.

There are 8 proteins expressed during latency (Reviewed by
Kieff, 1996) and these include 6 nuclear antigens and 2
membrane antigens. Again there are different systems to term the
proteins expressed during latency. The six nuclear proteins are
termed Epstein-Barr Virus nuclear antigen (EBNA)-1, -2, -3a, -3b,
-3¢, and -LP in one system and EBNA-1, 2, 3, 4, 5 and 6 in the
other, where EBNA-3a, b, and ¢ are EBNA-3, 4, and 6 respectively,
and EBNA-LP is EBNA-5. The two integral membrane proteins are
commonly referred to as LMP-1 and LMP-2, although differential
splicing of LMP-2 gives rise to two proteins -2a, and -2b (where
2a has an additional 5° exon). LMP-2a and -2b are also referred to
as TP-1, and -2 (TP refers to Terminal Protein). In this thesis I
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will use the notation of EBNA-1, -2, -3a, -3b, -3¢, -LP and LMP-1,
LMP-2a, -2b (as shown in figure 1.1). There are also two small
non-coding RNAs called EBER-1 and -2 which are expressed during
latency and a family of intricately spliced mRNAs which are
complementary strand transcripts (CSTs) expressed from the Bam
H1 A region of the viral genome (Smith et al., 1993). These were
originally identified in an NPC passaged tumour (Gilligan et al.,
1990) and now shown to contain open reading frames (ORFs).
Functions have been identified for some of these proteins briefly
described below (Raab-Traub,1996; Kieff, 1996).

EBNA-1 binds to the origin of replication of the plasmid form
of the viral genome and allows replication of the viral episome by
the host DNA polymerase. EBNA-1 is the only viral protein which
is essential for transmission of the viral DNA to the progeny cells
of a B cell.

EBNA-2 affects viral and cellular gene expression by binding
to the cellular transcription factor CBFIl. Notch, a gene family
controlling cell fate determination in several tissues acts through
CBF1 also. Thus EBNA-2 may act like activated Notch family
members (Hunter, 1997). EBNA-2 is essential for growth
transformation of lymphocytes (Hammerschmidt and Sugden,
1989).

The EBNA-3 proteins, -3a, -3b, and -3c, also bind to CBF1
and affect viral gene expression. Both EBNA-2 and EBNA-3
regulate the viral promoters for LMP-1 and LMP-2. In addition,
EBNA-2 and -3 are responsible for inducing expression of B-cell
activation markers.

EBNA-LP, along with EBNA-2, is synthesised first following
lytic infection and they are required to transactivate the
expression of subsequent latent genes. EBNA-LP is not required
for immortalization of B cells (Hammerschmidt and Sugden, 1989).

LMP-1 is essential for growth transformation of B-
lymphocytes in vitro (Kaye et al., 1993). It is the only latent
protein shown to be oncogenic in tissue culture assays (Wang et
al., 1985). It induces or inhibits the expression of multiple cellular
genes. As the focus of this thesis LMP-1 will be discussed in more
detail in later sections.

LMP-2 contains exons from both ends of the linear genome
therefore can only be transcribed across the fused termini of the
episome (Sample et al., 1989). It has been shown to interact with
the cellular tyrosine kinases fyn and lyn and thereby may
interfere with signal transduction (Longnecker et al, 1991).
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The EBERs are the most abundant viral (ribonucleic acids)
RNAs in EBV infected cells and are expressed in all of the
malignancies associated with EBV. Despite this they are not
required for lymphocyte transformation.

The mRNAs originally found expressed from the Bam H1 A
fragment in passaged NPC cells (Gilligan et al., 1990) have recently
been shown to encompass the BARFO open reading frame at the 3’
end of the transcripts. Rabbit antiserum raised against BARFO
revealed the presence of a membrane associated protein (Fries et
al., 1997) which may be one of a family of such proteins expressed
during latency. Their function is poorly understood.

There are three types of latency described in LCLs with each
corresponding to a characteristic disease state. Only EBNA-1 is
expressed in Latency 1. In Latency 2 EBNA-1 and the LMPs are
expressed, and in Latency 3 all six nuclear antigens plus the LMPs
are expressed. The EBERs are expressed in all types of latency.

1B. EBV and Malignant Disease.

EBV is implicated in the pathogenesis of a number of human
lymphoid and epithelial malignancies. The lymphoid tumours
include the immunoblastic B lymphomas that arise in
immunocompromised individuals, certain T cell lymphomas,
Burkitt's lymphomas and a subset of Hodgkin's disease cases. The
association is strongest in nasopharyngeal carcinoma where the
virus is present in 100% of all poorly differentiated or
undifferentiated cases and may also be present in all squamous
cell NPC’s (Reviewed in Karimi and Crawford, 1995; Rickinson and
Kieff, 1996). EBV is also associated with other, but not all tumours,
of the sinonasal region (Leung et al.,, 1995). In particular there has
recently been detected a specific association with nasal T cell
lymphomas (Chiang et al.,, 1996; and Wu et al., 1996).

1B.1 Immunoblastic B cell lymphomas.

Immunocompromised  patients such as recipients of
immunosuppressive therapy, AIDS sufferers, or patients with
primary immunodeficiency diseases are at increased risk for the
development of EBV-positive immunoblastic B cell lymphomas
(Reviewed in Karimi and Crawford, 1995; Rickinson and Kieff,
1996). These lymphomas express all of the latent genes and the
same cell surface markers as LCLs of latency 3 and generally
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resemble large-cell lymphomas. In around 50% of cases occurring
in transplant patients there is evidence of a recent EBYV infection.
This strongly suggests that these tumours arise because the host
immune system can no longer control EBV induced. B cell
immortalization and proliferation. Extensive B cell immortalization
by EBV might greatly enhance the likelihood of accumulation of
oncogenic mutations, thereby leading to these tumours.

1B.2 T cell lymphomas.

EBV has been detected in various T cell lymphoproliferations
and lymphomas such as nasal T cell lymphoma. A recent study
showed that 100% of nasal lymphomas were EBV associated with
expression of EBNA-1, LMP-1, LMP-2 and Bam H1 A transcription
(Chiang et al., 1996). This strong correlation between EBV and T
cell lymphoma suggests a role for EBV in the pathogenesis of the
disease but as yet the precise events remain unexplored.

1B.3 Burkitt's lymphoma.

The term "Burkitt's lymphoma" was originally coined to
describe a tumour that accounts for about 50% of all childhood
neoplasms in equatorial Africa. The lymphoma 1is generally
discovered Dbefore the end of the teenage years and is
distinguishable by it’s geographical prevalence, although the
disease in both areas is identical by histology and characterised by
a “starry sky” appearance. The endemic form (eBL) is found in
equatorial Africa largely limited to a broad band covering 15°
either side of the equator. The sporadic form (sBL) occurs
elsewhere in the world where the incidence is up to 50-fold less
than for eBL. The two tumour forms can be distinguished via a
variety of markers. For example, one of the characteristic features
of eBL is the presence of jaw tumours, whereas jaw involvement
in sBL is much less frequent. Also, EBV is associated with eBL in
about 97% of cases, whereas the association of sBL with EBYV is
only of the order of 15-20% (Reviewed in Karimi and Crawford,
1995; Rickinson and Kieff, 1996). Presence of EBV can therefore be
used to characterise or diagnose a BL but more importantly may
also be involved in the pathogenesis of the endemic form of the
disease.

One feature that all Burkitt's Lymphomas have in common is
the presence of non-random chromosomal translocations which
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juxtapose the c-myc proto-oncogene to one of the
immunoglobulin (Ig) genes. (Reviewed in Karimi and Crawford,
1995; Rickinson and Kieff, 1996). The type of breakpoints and the
position of the breakpoints on the involved chromosomes can also
be used to define different types of BL. It is most likely that
altered expression of c-myc resulting from it's positioning next to
immunoglobulin genes is central to the pathogenesis of BL. Levels
of c-myc in BL are similar to levels of c-myc in LCLs suggesting
that it may be inappropriate expression  rather than
overexpression which is important in BL.

The only EBV latent protein consistently expressed in eBL
biopsies and eBL phenotype cell lines is EBNA-1, the virus genome
maintenance protein, although the EBERs are also consistently
detected (Reviewed in Karimi and Crawford, 1995; Rickinson and
Kieff, 1996). Indeed EBNA-1 expression in transgenic mice, where
the transgene 1is directed to the lymphoid cell compartment,
predisposes the mice to monoclonal B cell lymphomas (Wilson and
Levine, 1992; Wilson et al., 1996).

Two lines of EHEBNA-1 mice, lines 26 and 59 succumb to
monoclonal B cell lymphoma, the indicator of which is a massive
enlargement of the spleen concurrent with massive enlargement
of the liver and/or lymph nodes. 100% of line 26 mice are
overcome with an invasive lymphoma within the age range 4-12
months. Line 59 mice demonstrate a much longer latency to onset
of disease, with 50% of mice succumbing to lymphoma by 24
months of age (Wilson and Levine, 1992; Wilson et al, 1996).
Expansion of the white pulp of the spleen and lymph nodes
appears prior to the development of neoplasia suggesting that
EBNA-1 is involved in the pre-neoplastic stage of tumorigenesis.

1B.4 Hodgkin's disease.

EBV has also been implicated in Hodgkin's disease (HD) with
reports of up to 50% association in the USA and Europe, and 90-
100% in Peru and Honduras (Reviewed in Karimi and Crawford,
1995; Rickinson and Kieff, 1996). EBV has been shown to be
present in all 4 types of HD but the closest association is with the
most aggressive types (>80%). The disease itself is characterised
by multinucleated Reed-Sternberg (RS) cells which are present in
very small numbers (2%) in the tumour mass and are probably of
B cell lineage (Rickinson and Kieff, 1996). However the disease and
its pathogenesis are confusing and poorly understood.
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The association with EBV was noted when HD patients
showed elevated antibody titres to EBV antigens (viral capsid
antigen-VCA, early, antigens of the lytic cycle and EBNA-1) at the
time of presentation as well as some years prior to disease
(Mueller et al., 1989). A threefold increased risk of HD has also
been documented in people who have had infectious
mononucleosis. The EBV latent genes expressed in HD give it a
latency 2 phenotype with expression of EBNA-1, LMP-1, LMP-2a,
and -2b, and the EBERs. Immunohistochemical analysis showed
that LMP-1 is expressed at high levels in RS cells of EBV positive
HD tumours. The observation that LMP-1 transfected into EBV
negative HD cells gives rise to the formation of a multinucleated
morphology similar to that of RS cells raises the possibility that
LMP-1 acts to promote such a multinucleated cell phenotype
(Knecht et al., 1996). In 30% of HD cases, polymorphisms of the
LMP-1 gene have, been identified (Reviewed in Karimi and
Crawford, 1995; Kieff, 1996). This may give rise to a more
oncogenic LMP-1 as has been suggested for NPC (see section 1E.2)

Although EBV is associated with HD, it is only a subset of
cases which demonstrate this. For example, among young adult
cases, the age group in which EBV serology is clearly positive
generally has the lowest EBV-genome positive HD cases (Glaser et
al., 1996). This paradox adds further complexity to the role of EBV
in HD, a story which is clearly unfinished.

Whilst EBV is found associated with all of these disease
states, the strongest association of all the human malignancies is
with Nasopharyngeal Carcinoma.

1C. EBV and Nasopharyngeal Carcinoma.

Nasopharyngeal carcinoma (NPC) is an epithelial tumour
showing world-wide incidence but a marked geographical and
population bias. It develops with high incidence, particularly in
adult males, in Southeast Asia in the coastal provinces of
Guandong, Guangxi and Hunan where it may represent 20% of all
cancer cases. Within China the incidence in variation is so dramatic
that NPC was referred to as the "Canton Tumour". NPC also
frequently develops in Eskimo populations and occurs with
elevated incidence in North Africa. Elsewhere in the world NPC is
uncommon (Reviewed in Raab-Traub, 1996)

NPC develops at the back of the post-nasal space in a
discrete area called the Waldeyer's ring. The World Health
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Organisation have classified NPC into 3 categories depending on
the degree of differentiation shown by the tumour (Hording et al.,
1993):-

1) WHOI1 NPC are highly differentiated squamous cell carcinomas
with intercellular bridges and keratinization.

2) WHO2 NPC retain epithelial growth patterns and shape but
show no evident squamous differentiation.

3) WHO3 NPC show no keratinization or distinctive growth pattern
and have a syncytial appearance. They are completely
undifferentiated.

The WHO2 and WHO3 undifferentiated NPCs are the type most
frequently found and often contain numerous infiltrating
lymphocytes among the tumour cells giving rise to the term
"lymphoepithelioma." The tumour can metastasise and in fact NPC
is unique among the head and neck cancers in that it has the
highest rate of distant metastases. The various stages of disease
have also been classified according to the site and spread of the
tumour (Ho, 1978). Radiation therapy is the main treatment for
NPC, but despite this a significant number of patients fail with
distant metastases.

1C.1 Factors influencing NPC epidemiology.

Studies of NPC are hampered by the relative rarity of intact
tumour material. Moreover it has not been possible to directly
passage tumour cells in culture. Transplantation in nude mice
represents a way of obtaining abundant, homogeneous tumour
material, but this is frequently unsuccessful with this particular
tumour. However one primary tumour (C15) and two metastasised
tumours (C17 and C18) have been successfully transplanted
(Busson et al.,, 1988). It was only possible to propagate these
tumours by passaging them through nude mice, and not possible
to grow these tumours in vitro . An EBV-positive NPC (CAO) has
been successfully propagated as a xenograft in nude mice (Hu et
al., 1991), whilst 3 NPC tumour lines (designated Xeno-1, -2, and -
3) were successfully established from fresh biopsy material
injected sub-cutaneously into athymic mice and then passaged in
nude mice for many generations (Huang er al., 1989). This further
highlights the difficulty in working with NPC material.

These solid tumour lines provide a valuable tool for
investigating NPC. However, much of the information about NPC
has come from the C15 tumour alone (Chen, F., et al, 1995; Brooks
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et al., 1992; Hu et al., 1991; Gilligan et al., 1990 - all discussed
later) and so care should be taken when interpreting these results,
bearing in mind that these tumour lines represent highly
manipulated cases which might not typify the in vivo situation.

1C.1.1 Genetic susceptibility.

Various factors have been shown to play a role in the
pathogenesis of NPC. It is likely that the genetic background may
be a factor since the area of highest incidence is Southeast Asia.
However, a comprehensive epidemiological study has not been
conducted which might demonstrate heritable susceptibility. NPC
afflicts both males and females although the incidence is higher in
males.

1C.12 Diet and lifestyle.

Diet and lifestyle are likely to be involved and studies have
shown that there is a higher incidence of NPC among people who
live and work on boats and cook in the open. Similar studies have
shown that people who consume salted fish during weaning, in
childhood and throughout their adult life, also have a high relative
risk of NPC. Moreover, extracts of salted fish have been shown to
enhance transforming activity in cell culture, and more tumours
are observed in rats fed salted fish than in controls (Zou and
Landolph, 1991; Yu er al., 1989). The salting process involves the
use of crude salt containing nitrite and nitrate contaminants, the
fish are not gutted, and are stored for 4-5 months before
consumption. This  combination allows  nitrite reducing
Staphylococci to carry out nitrosation, producing volatile N-
nitrosamines which are mild tumour promoting agents. Indeed a
correlation was found between the level of N-nitrosamines in
salted fish and risk of NPC (Zou et al., 1994). Thus the high levels
of NPC may be attributed to the consumption of salted fish
containing high levels of N-nitrosamines. The lifestyle and diet
might perhaps explain the average age for NPCin Southern China,
which is 45-50 years demonstrating long latency.

It therefore appears that the incidence of NPC may be
influenced by a heritable susceptibility and also an
environmental/dietary  factor. However, of all EBV-associated
malignancies the tightest association is with NPC. Therefore it may
be the combination of factors:- EBV, genetic susceptibility and diet
that combine to fully dictate incidence.
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1C.1.3 Viral influence.

The most striking feature of NPC is the 100% association of
all poorly differentiated or undifferentiated NPC's with EBV. Early
seroepidemiologic studies revealed that patients with NPC had
unusually high antibody titres to the EBV viral capsid antigen
(VCA) and to a complex of early replicative proteins termed early
antigen (EA) (Henle et al., 1976). Detection of these antibodies is
therefore an early indication of the onset of NPC. This was
confirmed by polymerase chain reaction (PCR) and in situ
hybridisation (Chang et al.,, 1990; Niedobitek et al., 1991). EBV
DNA was shown to be present in pre-invasive neoplastic lesions
taken from biopsies (Pathmanathan et al., 1995). The viral DNA
was clonal and in a latent state. Therefore EBYV infection is critical
to the pathogenesis of NPC.

Not only is EBV consistently found in NPC cases, but there
may be a prevalence of specific variants of EBV (see section 1A.1)
in distinct geographic locations which contribute to the endemic
patterns of incidence. In a study of NPC biopsies from Southern
China the vast majority were type 1 "f" variants (Lung et al.,
1991), whereas NPC cases from Caucasians in North America and
in North Africa were predominantly the type 1 prototype "F"
variant (Lung et al., 1992; Bouzid et al., 1994). Alaskan NPCs
surprisingly are type 2, but with the "F" variant (Abdel-Hamid et
al., 1992). Therefore no one subtype predominates in all NPCs, but
in Chinese NPC the BAMHI- "f" variant may be the most common
variant in the region.

1C.2 Genetic_alterations.

Whilst heritability, diet and viral influence may pre-dispose
the nasopharynx to the development of NPC, the progression may
be a consequence of alterations in chromosomes such as loss of
tumour suppressor genes. Although alterations of the common
tumour suppressor genes p53 and Rb are rare in NPC (Spruck et
al., 1992; Sun et al., 1993), cytogenetic studies have shown that
abnormalities on chromosomes 1,3,11,12, and 17 were present in
some NPC samples (Huang er «l., 1989). A region of homozygous
deletion was then identified at position p21-p23 on chromosome 9
(Huang et al., 1994). This frequent allelic loss on chromosome 9 in
NPC may suggest the presence of a tumour suppressor gene(s) in
this area, loss of which could contribute to NPC progression. The
region identified on chromosome 9 includes the putative tumour
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suppressor gene pl6 (as well as pl5 and pl9) which binds to and
inhibits the catalytic activity of the CDK4/Cyclin D complexes
(Serrano et al.,, 1993). Loss of pl6 function could therefore
contribute to wuncontrolled cell growth. Indeed, homozygous
deletion of pl6 was shown to be common in primary NPC tumours
and NPC xenografts suggesting that inactivation of pl6 may be
involved in the pathogenesis of NPC (Lo et al., 1995). Loss of
heterozygosity on chromosome 11, which is a common genetic
aberration in many tumours, was also identified in NPC. Two
distinct regions of deletions were found at 11q13.3-11q22 and
11q22-11q24  suggesting the presence of multiple tumour
suppressor genes on chromosome 11 (Hui et al., 1996). Taken
together, these findings indicate multiple complex chromosomal
alterations could be responsible in part for the progression of NPC.

1C.3 EBV action.
1C.3.1 Lytic proteins.

Since elevated antibodies to EBV early antigens pre-date the
development of NPC by several years, it is feasible that EBV lytic
genes may be associated with the tumour. Many groups have
looked at the viral state in NPC and could find no linear DNA, the
lytic form of the virus, nor expression of ZEBRA (BZLF-1), a protein
which switches EBV from latent to productive cycle (Gilligan et al.,
1990; Chao et al., 1996). There is however controversy about the
involvement of ZEBRA as one report cites 87% of NPC patients
exhibiting antibodies to the ZEBRA protein, and in another, the
gene encoding ZEBRA was shown to be expressed in all NPC
specimens studied (Joab er al., 1991; Cochet et al., 1993). In
another report the immediate early genes were present in only
some of the NPC biopsies studied by a reverse transcribed PCR
(RT-PCR) approach. A common feature however was the
expression of ZEBRA (Martel-Renoir et al., 1995). Two possibilities
therefore exist. The EBV lytic cycle may be partially re-activated
in NPC, or the lytic mRNAs may be present in only a few of the
cells within the tumour thus detectable by RT-PCR, but not reflect
expression throughout the tumour. The role of ZEBRA is definitely
unclear.
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1C.32 Latent proteins.

It is most likely that one or more of the EBV latent genes are
responsible for the pathogenesis of NPC. Various methods have
been used to determine expression of the latent genes in NPC the
conclusion of which is that EBNA-1, LMP-1, LMP-2A and -2B,
BARFO and the EBERs are all expressed to some extent.

EBNA-1 has been shown to be present in 100% of NPC's by
RT-PCR (Brooks et al., 1992; Chen, F., et al., 1995). Although EBNA-
1 is expressed in all known forms of EBV latency due to it's
requirement for episomal maintenance, different EBNA-1
promoters are used in different situations giving rise to
distinguishable EBNA-1 transcripts. It is interesting therefore that
the EBNA-1 mRNA species in NPCis of the Q/U/K spliced variety
driven from the Fp/Qp promoter (Brooks et al., 1992). This shows
that EBNA-1 in NPC is associated with selective use of the Qp
promoter as opposed to the Wp and Cp promoters which are used
in LCLs. EBNA-1 has been ascribed no in vitro transforming
ability and was not thought to play an oncogenic role in vivo in
EBV associated disease. The recent demonstration that EBNA-1
predisposes transgenic mice to lymphoma (Wilson and Levine,
1992; Wilson et al., 1996) revealed that EBNA-1 could act as an
oncogene in B cells in vivo. In addition, EBNA-1 expression
increases the tumorigenicity of EBV negative HONE-1 cells (of NPC
origin) (Sheu et al.,, 1996). In conclusion, the biological effects of
EBNA-1 appear to be greater than just episomal maintenance, and
it may be important to the development of NPC as well as B cell
lymphomas.

The EBERs ate also found in 100% of primary and metastatic
NPCs. In situ hybridisation using EBER specific probes can thus be
used to identify the presence of EBVin an NPC and to identify a
metastasised tumour as being NPC in origin (Chao et al., 1996). The
EBERs are therefore useful markers of NPC although their potential
role in the disease is still unclear

In NPC there is consistent transcription of the BamHI1-A
region of EBV, originally detected in the C15 xenograft (Busson et
al., 1988) but later shown to be present in tumour biopsies (Chen,
H.L., et al., 1992). Sequencing of cDNA clones from C15 revealed a
number of rightward transcripts. The 3'-ends of all the clones
terminated within a region containing two poly-adenylation sites.
One thing that all the transcripts had in common was that they
either partly or wholly encompassed the open reading frame (ORF)
BARFO (Chen, H.L.% et al., 1992), which is predicted to encode a
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basic protein of about 20 kilo-daltons (kDa). Since the function of
BARFO is as yet unknown, it’s relevance to NPC is not yet clear.

The LMP-2 gene contains exons located at both ends of the
linear EBV genome and therefore can only be transcribed across
the fused termini of the episomal form. Northern blot and RT-PCR
analysis have shown that the majority of NPC biopsies have LMP-
2 message. Two studies (Busson et al.,, 1992; Brooks et al., 1992)
showed that LMP-2A was detected in almost 100% (10/11 and
17/18 respectively) of the cases, whether primary NPC or
metastatic tumour, whereas LMP-2B was expressed at much lower
levels (3/11 and 7/18 respectively). The consistent expression of
LMP-2 in all cases suggests that it may be involved in the onset or
progression of NPC.

The detection of LMP-1 in NPC biopsies has varied according
to the technique used. Total RNA from the nude mouse passaged
cell line C15 (Busson et al., 1988) contained two messages with
sequences specific for the 5'-end of LMP-1. Sequence analysis of a
cDNA library made from the same cell line showed that two forms
of LMP-1, utilising the normal promoter and an internal promoter,
were indeed present (Gilligan et al., 1990). Western blot analysis
of protein content from tumour biopsies showed that LMP-1 was
present in 38-77% of NPC cases (Young et al., 1988 (24 cases);
Zheng et al., 1994b (23 cases); Hu et al., 1995 (74 cases); and Fu et
al., 1991 (13 cases) in order of increasing LMP-1 levels detected).
Monoclonal antibody immunohistochemistry staining allows single
cell expression to be detected. In this way 78% of NPC tumours
were shown to be LMP-1 positive (Stewart and Arrand, 1993;
Vera-Sempere et al.,, 1996). RT-PCR amplification of the LMP-1
gene, using nested primers and total RNA from two NPC derived
solid tumour lines, and from RNA extracted from 24 NPC biopsies,
showed the presence of LMP-1 message in >90% of cases (Chen, F,,
et al., 1995). Therefore it appears that LMP-1 message is present
in the majority of NPC cases, but LMP-1 protein is only detected in
about 65% of cases.

1D. The I.atent Membrane Protein-1.

1D.1 LMP-1_protein _structure.

LMP-1 was cloned and sequenced in 1984 by Fennewald et
al. The protein was shown to be 386occ long with a predicted
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molecular weight of 42kDa. Based on amino acid sequence, the
protein was shown to have:-

1) A short, 2500 long hydrophilic, cytoplasmic, amino terminal
domain. !

2) Six hydrophobic, 20ao long, alpha-helical transmembrane
segments, separated by five 8 to 10co long reverse turn loops.

3) A 200aa long carboxy terminal domain, rich in acidic, glycine
and proline residues that projects into the cytoplasm.

A polyclonal rabbit antiserum was raised against the protein
and this antiserum was used to identify a specific protein in every
EBYV infected B cell line tested (Hennessy et al., 1984). This protein
separated with the membrane/microsomal fraction and was not
seen in the cytoplasmic supernatent. Furthermore, the antiserum
specifically reacted with the plasma membrane of cells tested and
stained in a characteristic patch/cap expression (Liebowitz et al.,
1986) where LMP-1 associated with vimentin intermediate
filaments (Liebowitz et al., 1987). This association with the
cytoskeleton would explain why half or more of LMP-1 is resistant
to non-ionic detergent extraction (Liebowitz et al., 1987). LMP-1
does not require vimentin to form these patches however
suggesting that it may interact with itself or other cell membrane
proteins (Liebowitz et al., 1989). This was therefore the first
characterisation of a membrane bound protein found in latently
EBYV infected B cells.

Being a membrane protein it was initially assumed that
LMP-1 would function as a receptor and it was shown that LMP-1
was structurally similar to members of the P adrenergic receptor
family of signalling proteins. However, the amount of LMP-1
projecting out of the cell as a potential binding site is very small
and no ligand has yet been identified. With the discovery that
LMP-1 aggregates :in the plasma membrane and associates with
members of the' Tumour Necrosis Factor Receptor (TNFR)
Associated Factor (TRAF) family of signalling proteins (discussed
later in section 1D.5.2) the current view is that LMP-1 is not a
receptor in the classical sense, but rather the initiator of signalling
events in the absence of ligand.

LMP-1 protein is characterised by serine/threonine
phosphorylation at a ratio of 6:1 of the C-terminal domain and
rapid turnover (half-life of 2-3hrs) due to specific proteolytic
cleavage, which causes the release of a phosphorylated C-terminal
fragment (p25) into the cytoplasm (Moorthy and Thorley-Lawson,
1993b). Phosphorylation has long been recognised as a mechanism
for regulating the function of proteins so may be important in the
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function of LMP-1. Indeed two important sites at S-313 and T-324
were identified therefore phosphorylation would seem to provide
a mechanism for the regulation of LMP-1.

1D.2 Transforming ability of LMP-1.

1D.2.1 Rodent fibroblasts.

The first report that LMP-1 could act as an oncogene came
via the transfection of LMP-1 into NIH3T3 and Rat-1 fibroblasts
(Wang et al., 1985). In NIH3T3 cells LMP-1 expression led to an
altered morphology and reduced sensitivity to low serum
inhibition of cell growth. The effect of LMP-1 expression in Rat-1
cells was much more dramatic with LMP-1 expressing clones
forming foci of heaped up cells in 10%FCS medium. LMP-1
expression also facilitated anchorage-independent growth in soft
agar. Even more dramatically, LMP-1 expressing clones formed
tumours when injected into nude mice. This was therefore the
first demonstration that LMP-1 was indeed capable of
oncogenicity and strengthened the hypothesis that it has a role in
EBV associated human malignancies. This initial finding was
substantiated and expanded when it was shown that LMP-1 also
caused anchorage-independent growth in Balb/c 3T3 cells and
LMP-1 expressing clones were capable of inducing tumours in
athymic mice (Baichwal and Sugden, 1988). LMP-1 is therefore
capable of transforming rodent fibroblasts.

1D.2.2 Epithelial cells.

The first demonstration that LMP-1 had an oncogenic effect
in epithelial cells in vivo was demonstrated by Wilson et al., 1990
by expression in transgenic mice. Expression of LMP-1 in the
epidermis of transgenic mice resulted in mice which were runted
and had in common a distinct phenotype of dermatosis giving a
gross appearance of wrinkled, scurfy skin soon after birth.
Histopathological examination revealed a thickening (hyperplasia)
of the epidermis with a disorganisation of the differentiating
layers, and this was maintained throughout the animals lifetime.
This disruption of the epidermis by LMP-1 and the resultant
hyperplasia mimics the initial stages of tumorigenesis, and
provides clear evidence that LMP-1 is involved in epithelial
transformation.
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In support of the in vivo evidence that LMP-1 is oncogenic,
LMP-1 was transfected into the SCCI2F cell line which is an
immortalised non-tumorigenic sub-clone of the human squamous
cell carcinoma line SCC12 (Dawson et al., 1990). SCCI12F cells retain
certain features of normal keratinocyte behaviour in vitro,
including responsiveness to differentiation signals. Because the
effects of LMP-1 in rodent cell transformation assays resemble
those produced by activated Ras proteins, SCCI2F cells were also
transfected with activated c-Ha-Ras in parallel experiments.

The LMP-1 and Ras transfectants showed little evidence of
normal cell stratification and were severely impaired in their
ability to form crosslinked envelopes in response to calcium
ionophore treatment. This suggests a reduced capacity for
terminal differentiation. Indeed, compared to  control
transfectants, all LMP-1 expressing clones produced a much
thicker, but less well organised epitheliun with poor intercellular
contacts (desmosomal junctions) when grown on collagen rafts. In
the parallel Ras transfection studies, Ras produced an even thicker
multilayer structure than LMP-1 with a similar absence of
terminal differentiation markers. This study indicates that LMP-1
can induce changes in the surface phenotype and differentiation
responsiveness of human epithelial cells and in certain aspects is
functionally similar to activated Ras protein.

Similar studies using the immortalised non-tumorigenic cell
line Rhek-1 as the target cell for LMP-1 transfection provided
corroborative evidence for the last study. In these cases LMP-1
expressing Rhek-1 clones had a more fibroblastic morphology,
with altered architecture and growth pattern (Fahraeus et al,
1990; Zheng et al., 1994a). Cells grew in tight, disorganised
bundles that became multilayered and formed foci long before
they reached confluence. This was different to control transfectant
or parental Rhek-1 cells which grew as flat, polygonal colonies
characterised by a, "cobble-stone" appearance.

1D.2.3 B -cells.

The first observation that LMP-1 was required for the
transformation of B cells came when the amino terminus of LMP-1
was deleted from a recombinant virus abolishing B cell
transforming activity (Wang et al., 1988). Subsequent studies have
been done to analyse different regions of the LMP-1 protein using
deletion mutants to attempt to discover the exact location of the
transforming portion of the protein (See section 1D.6). All of these
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studies confirmed that loss of LMP-1 function abolished the ability
of EBV to transform B cells (Liebowitz et al., 1992; Kaye et al.,
1993 and 1995). Although it is required in this function, it is not
sufficient, since deletion of EBNA-2, EBNA-3a, -3c and EBNA-LP all
result in loss of transforming activity by the virus in B cells in
culture (EBNA-1 being not possible to delete in this assay).

1D.3 LMP-1 induced changes in gene expression.

1D.3.1 Epithelial cells.

The initial interest in the effects of LMP-1 in epithelium
stems from the fact that the oral epithelium is thought to be the
primary site of in vivo infection by EBV, and that of all the
human malignancies associated with EBV, NPC has the strongest
association. There is however a lack of a suitable culture system
because it is not possible to infect epithelial cells in vitro with
EBV without the prior introduction of the CR2 gene (Li et al.,
1992). This has therefore hampered studies into the effects of
LMP-1 in epithelial cells and limited in vitro experiments largely
to transfecting LMP-1 into various immortalised cell lines. Despite
these problems the transfection system does allow observation of
the effects of introduced viral or cellular genes on epithelial cell
growth and differentiation.

For example, when LMP-1 was transfected into the SCCI2F
cell line (Dawson et al., 1990) it was shown that CD40 and ICAM-1
levels were both increased. The levels of CD23, LFA-1, and LFA-3,
which are effected in B cells, could not be assessed because either
they are not normally present in epithelial cells or because they
are already at very high levels in these cells. Further transfection
studies have shown that the anti-apoptotic gene A20 is induced in
the human cervical carcinoma derived epithelial cell line C33A
upon LMP-1 transfection (Miller et al., 1995). Furthermore the
Epidermal Growth Factor Receptor (EGFR) has been shown to be
overexpressed in NPC (Zheng et al., 1994b), and was seen to be
present at elevated levels in LMP-1 transfected C33A epithelial
cells (Miller et al., 1995). The EGFR induced was predicted to be
functional because it became phosphorylated on Tyrosine residues
when EGF was added to the medium. This led to phosphorylation
of other proteins downstream in the EGFR signalling pathway, one
of which may be p55Shc thus linking the EGFR pathway to the Ras
pathway. LMP-1 expression also increased the proliferative
response to EGF, as LMP-1 expressing C33A cells continued to
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increase in number when plated in serum free media
supplemented with EGF unlike controls. Therefore, LMP-1 may
induce EGFR and thereby upregulate the EGFR signalling pathway.
This may in part explain the similarities between transfected
LMP-1 and Ras in growth transforming assays (Dawson et al.,
1990). The presence of increased EGFR in LMP-1 expressing NPC
specimens (Zheng et al., 1994b) indicates that LMP-1 may induce
EGFR in vivo also and that upregulation of EGFR by LMP-1 may
contribute to the development of NPC. The mechanisms by which
LMP-1 upregulates EGFR and other proteins will be reviewed in
section 1D.5)

LMP-1 expression in vivo in the epidermis of transgenic
mice also caused changes in gene expression (Wilson et al., 1990).
Here, the cytokeratin K14 was shown to be induced in the
suprabasal layers of the epidermis and not restricted to the basal
layers as is normally the case. More dramatically the
hyperproliferative keratin K6, normally found expressed only in
hair follicles, was induced within the hyperplastic region of the
epidermis. Thus LMP-1 induced changes in gene expression can be
detected both in vitro and in vivo.

1D.3.2 B-cells

Due to the severe problems limiting in vitro analysis of the
effects of LMP-1 in epithelial cells, most of the information on
LMP-1 induced gene expression alterations has come from in vitro
investigations using B cells. Infection and immortalization of
primary human B cells with EBV leads to a panoply of changes in
gene expression (Reviewed in Kieff, 1996). Such immortalised EBV
positive cell lines and also immortalised EBV positive and negative
human B lymphoma or Burkitt's Lymphoma (BL) cell lines have
been invaluable in determining the nature and cause of these
changes in gene expression.

EBV negative human B lymphoma cells characteristically
grow as single cells in culture and express low levels of activation
and adhesion markers. EBV positive latency 3 type human B
lymphoma cells on the other hand grow in clumps and show
upregulated expression of activation and adhesion markers. Single
gene transfer experiments where LMP-1 was transfected into EBV
negative B lymphoma cell lines showed that LMP-1 had profound
effects and was responsible for the increase in adhesion markers
and subsequent growth in clumps. LMP-1 also caused increased
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cell size, acid production, plasma membrane ruffling, and villous
projections (Wang er al., 1988).

Expression of LMP-1 in a variety of cell lines has been
examined including the EBV negative B lymphoma lines Louckes
and BJAB, the EBV negative BL line BL41, and Daudi, an EBV
positive cell line lacking LMP-1, EBNA-2 and part of EBNA-LP
(Wang et al., 1988; Wang et al., 1990). Each cell type has a unique
profile but in every case studied the BL marker CDIO was
uniformly downregulated by LMP-1.

A summary of results from these cell lines showed that
LMP-1 can induce the expression of the adhesion molecules ICAM-
1 (CD54), LFA-1 (CD11a/CD18) and LFA-3 (CD58); CD21, the EBV
receptor; CD23, the B cell activation marker; CD39, a lymphoid cell
activation antigen recently shown to have ecto-apyrase activity;
CDA40, activation of which is critical for B-cell function, leading to
activation and expression of cell surface markers, proliferation,
immunoglobulin class switching and inhibition of programmed cell
death; CD44, a molecule implicated in enhanced lymphoid tumour
growth and dissemination; and CD71, the transferrin receptor.

Further analysis of CD23 upregulation by LMP-1 showed
that LMP-1 specifically targets the type b CD23 mRNA (FceRIIb)
for upregulation (Wang er «l., 1990). This is one of two CD23
mRNAs which is normally induced in B lymphocytes by IL-4, and
would explain why EBV-infected LCL's have more FceRIIb than
FceRIIa.

Other single gene transfection experiments involving LMP-1
have been invaluable in discovering further cellular gene
expression changes induced by LMP-1. For example, only LMP-1
transfected EBV negative B lymphoma cells, and not cells
transfected with any other latently expressed gene, showed
elevated expression of the anti-apoptotic gene bcl- 2 (Henderson
et al.,1991; Rowe et «l.,1994). Another Bcl-2 family member, Mcl-
1, was also shown to be rapidly induced in LMP-1 transfected EBV
negative BL cell lines (Wang et al., 1996). One further anti-
apoptotic protein, A20, was also shown to be induced in
lymphocytes by LMP-1 (Laherty et al., 1992). The relevance of
LMP-1 inducement of Bcl-2 family members, and other anti-
apoptotic proteins is discussed in greater detail in section 1D.4.

LMP-1 may also induce interleukin 10 (IL-10) expression
(Nakagomi et al., 1994) perhaps effecting the immunogenic
response to latently EBV infected cells in vivo .
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LMP-1 appears to also induce functional CaM kinase
(Mosialos er al., 1994) which might be responsible for aspects of
the growth and transformation associated with LMP-1.

EBV transformed LCLs express high levels of human
leukocyte antigen (HLA) which are efficient in antigen
presentation. Latent gene transfection studies, where each latent
gene was transfected alone into the EBV negative BL cell line
Louckes, showed that LMP-1 was responsible for upregulating the
HLA class II molecules (Zhang et al., 1994). Quite why a viral gene
should upregulate a component of one of the host cell's main
defence mechanisms remains unclear.

LMP-1 co-localizes with and induces higher levels of
vimentin in latently infected B-lymphocyte plasma membranes
patches (Liebowitz et al., 1987). Vimentin is not ordinarily found
in plasma membrane patches therefore 1is presumably drawn
there by LMP-1.

These effects on cell growth and activation, whilst varying
from cell type to cell type, indicate that LMP-1 is an important
mediator of EBVs effects on lymphocyte growth. Inducement by
LMP-1 of Bcl-2 family members and also CD40 is likely to be
important in cell survival and is discussed in the next section.

1D.4 LMP-1 expression and enhanced cell survival,

1D.4.1 B-cells.

Serial passage of cells with a BL phenotype can result in a
broadening of EBV latent gene expression to that characteristic of
LCLs (from type 1 to type 3). Comparing the two groups therefore
allows analysis of the latent genes involved in the phenotypic
changes that ensue. BL phenotype cells rapidly die by apoptosis
when conditions that inhibit cell proliferation, such as serum
starvation, prevail. On the other hand, LCLs retain their viability
(Gregory et al., 1991). This suggests that one or more of the latent
genes other than EBNA-1 is responsible for this enhanced ability
to survive in suboptimal conditions. It was subsequently shown
that of the latent genes, LMP-1 could promote this cell survival, in
part through upregulation of Bcl-2 (Henderson et al., 1991; Martin
et al., 1993; and Rowe er al, 1994). The increased cell survival
induced by LMP-1 might allow a bypass of normal selection
processes in vivo and thus allow the cell to enter the long lived
memory B cell pool. Promoting cell survival also increases the
chance of neoplastic alterations occur