
Editorial

Themed issue: the biology and pathology of the Epstein-Barr
virus

Based on their genomic organisation, tissue tropism, and
other biological characteristics, herpesviruses are classified
into three categories: á, â, and ã. Of these, the
ã-herpesviruses are able to replicate and persist in
lymphoid cells and some are capable of infecting other cell
types, such as epithelial cells and fibroblasts. The
ã-herpesviruses comprise two important genera: the
lymphocryptoviruses (also referred to as ã-1 herpesviruses)
and the rhadinoviruses (ã-2 herpesviruses).

This themed issue principally concerns the biology and
pathological eVects of one of the human ã-herpesviruses—
the Epstein-Barr virus (EBV)—which is a ã-1 herpesvirus
carried by over 90% of the world’s adult population as a
lifelong asymptomatic infection. EBV is of particular inter-
est to cell biologists, virologists, and pathologists alike
because it is epidemiologically, serologically, and directly
(by virtue of the detection of the virus genome and gene
products in tumour cells) linked to a variety of human can-
cers. EBV associated cancers include several lymphoid dis-
orders (Burkitt’s lymphoma, Hodgkin’s disease, post
transplantation/human immunodeficiency virus associated
lymphoproliferative disease, and some T cell lymphomas)
and epithelial tumours (nasopharyngeal carcinoma and
gastric carcinoma). All of these tumours are characterised
by the presence of multiple extrachromosomal copies of
the circular viral genome (episome) in every tumour cell
and the expression of EBV encoded latent genes, which
contribute to the malignant phenotype. The challenge is to
understand the role of this virus in the development of its
associated malignancies in the hope that this will provide
alternative means to prevent or treat these tumours.

In the opening article in this issue, John Nicholas1 over-
views the organisation of ã-herpesvirus genomes and
discusses mechanisms of genomic variation between
diVerent virus groups. The ã-herpesvirus genomes are
organised into blocks of genes that are conserved across all
ã-herpesviruses. These so called “core” genes include those
that function as “housekeeping” genes, often encoding
proteins that are crucial for infection, virus replication, or
virion assembly, which explains why they are so well
conserved. Other ã-herpesvirus genes may be regarded as
subfamily specific (that is, confined to only ã-1 or ã-2
viruses) or virus specific (that is, unique or partially
conserved genes). This latter group includes cellular
homologues that have been acquired relatively recently (in
evolutionary terms) or ancient genes that have been lost by
other members of the subfamily.

Genomic similarities and diVerences between the
ã-herpesviruses are well illustrated by comparing the EBV
genome with that of another important oncogenic herpes-
virus, the Kaposi’s sarcoma associated herpesvirus
(KSHV), also known as human herpesvirus 8 (HHV-8),
which is a ã-2 virus. KSHV is associated with the develop-
ment of Kaposi’s sarcoma and two rare lymphoproliferative
diseases, multicentric Castleman’s disease and pleural
eVusion lymphoma.2 The EBV and KSHV genomes have

several genes with sequence/functional similarities. Thus,
the EBV encoded nuclear antigen 1 (EBNA1) protein and
the KSHV encoded latency associated nuclear antigen
(LNA or LANA) are related nuclear proteins that play
essential roles in episome maintenance and virus replica-
tion. Likewise, the EBV latent membrane protein 2
(LMP2) gene and the KSHV K15 gene are located at
similar genomic locations (when the linear genomes are
compared alongside each other) and both encode proteins
containing 12 transmembrane domains, which function to
inhibit B cell receptor signalling and thereby maintain virus
latency in B cells.1 However, although these viruses share
genomic similarities there are diVerences that reflect devel-
opment along distinct evolutionary pathways. For example,
the KSHV genome encodes several cellular homologues
not present in EBV.2 These include, among others, viral
interleukin 6 (vIL-6) and viral cyclin D (v-cyclin D) genes.
However, LMP1 is able to induce the expression of both
cellular IL-6 and cellular cyclin D genes.3 4 Therefore, both
viruses have evolved diVerent means (expression of viral
homologues in the case of KSHV versus induction of cel-
lular genes by EBV) to produce the same functional
endpoints. This tells us that such gene functions are likely
to be important for ã-herpesvirus physiology in general.

In fact, much more is now known about the functions of
some of the virus genes expressed by EBV during virus
latency (see Young et al, this issue5). Much of the study of
latent gene function has focused on EBV infection of B
cells because this is the cell type most easily infectable in
vitro and also the most likely candidate for the natural site
of virus persistence in the normal carrier. Of the latent
genes, LMP1 has been the focus of particularly intense
investigation. LMP1 is a transmembrane protein that has
been shown to be transforming in several diVerent
situations and, together with several other latent genes, has
been shown to be essential for EBV induced immortalisa-
tion of B cells. LMP1 has little sequence homology with
any known mammalian proteins, although it retains the
ability to initiate signalling along several pathways, which
include the nuclear factor-êB (NF-êB) and JNK (c-Jun
NH2-terminal kinase) pathways—a function reminiscent of
other transmembrane proteins of the tumour necrosis fac-
tor receptor (TNFR) family.6 7 However, unlike normal
TNFRs, which require ligand binding for their activation,
LMP1 is constitutively activated in infected cells. Blocking
the important signalling activities of LMP1 abrogates
transformation and testifies to the importance of such
events in the transformation process.

Like LMP1, EBNA2 is also essential for B cell
transformation.5 This was demonstrated several years ago
in experiments showing that EBV strains deleted for the
EBNA2 coding regions were non-transforming and that
restoration of the EBNA2 sequence to these strains
restored their transformation ability. More recent studies of
EBNA2 function have provided important insights into its
function during infection. EBNA2 mimics the activated
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intracellular form (NotchIC) of the Notch receptor.
NotchIC is produced by cleavage of the Notch receptor in
response to ligand binding, whereupon it translocates to
the nucleus and removes the transcriptional repression
imposed by the DNA binding factor, CBF1 (also called
RBPJk). NotchIC not only diverts cell fate determination
but is also associated with the development of malignancy.
By targeting CBF1 and mimicking NotchIC, EBNA2 can
remove CBF1 mediated transcriptional repression and
thereby activate both cellular and viral gene expression,
which in turn contribute to the transformation process.8

Thus, both LMP1 and EBNA2 interact with and subvert
normal cell signalling in favour of alterations in cell physi-
ology that are consistent with virus survival. In fact, the
complement of virus gene activities seen during latency
could be viewed as a concerted action on the part of the
virus to maintain itself and persist in B cells. To achieve this
end, EBV has evolved to exploit the normal biology of B
cell development, and it is this latent infection in memory
B cells, rather than continued expansion via virus replica-
tion, that is the hallmark of virus persistence in vivo. The
fact that this occasionally results in malignancy could be
regarded as an accident rather than design because in evo-
lutionary terms it is clearly not in the best interests of the
virus to kill the host.

The association between EBV and two epithelial malig-
nancies, nasopharyngeal carcinoma and gastric carcinoma,
is reviewed by Gerald Niedobitek9 and Kenzo Takada10,
respectively. The involvement of EBV in non-keratinising
nasopharyngeal carcinoma was established as early as
1973; however, it was not until 16 years later that EBV
genomes were demonstrated in gastric cancers containing
prominent lymphoid stroma,11 and later in a proportion of
typical gastric adenocarcinomas.12 EBV is also detectable in
some other carcinomas, most notably lymphoepitheliomas
of various tissues, including those of the salivary gland,
thymus, and lungs. Furthermore, EBV is also associated
with oral hairy leukoplakia, a benign disorder seen
predominantly in immunosuppressed patients, which is
characterised by intense replication of EBV in oral epithe-
lia.

A fundamental question relevant to both epithelial
carcinogenesis and to the natural history of EBV infection
is how and when EBV infects epithelial tissues. Unlike B
cells, epithelial cells do not generally express the EBV
receptor, CD21,13 suggesting that EBV enters these tissues
by other routes. Takada describes two systems for the in
vitro infection of various human epithelial cells by recom-
binant EBV containing a selectable marker: either direct
contact with high titre virus supernatant or mixed culture
with EBV producing Akata Burkitt’s lymphoma cells.10

This work supports a model of EBV infection in vivo
whereby epithelial tissues may be infected by virtue of their
close proximity to lytically infected B cells resident near or
within epithelial tissues—for example, adjacent to the sub-
epithelial sinus in tonsil14 or within the nasopharyngeal
mucosa.15 Recent studies have failed to detect the presence
of EBV in a variety of non-malignant epithelial tissues,
including desquamated oropharyngeal cells and tonsillar
epithelium from patients with infectious
mononucleosis,16–18 and normal epithelium adjacent to
EBV positive nasopharyngeal carcinomas19 and gastric
carcinomas,20 suggesting that EBV infection of normal epi-
thelial tissues is not a common event. However, the virus
can be detected in preinvasive nasopharyngeal carcinoma21

and dysplastic gastric epithelium,22 suggesting that EBV
might be an early trigger in the pathogenesis of these
lesions, a view supported by the finding that EBV infection
of epithelial cells in vitro stimulates cell proliferation and
induces a malignant phenotype.10

One of the intriguing findings of Takada’s work is that
EBV gene expression in artificially infected cells is
apparently identical to that observed in vivo, being
essentially confined to the EBV encoded early RNAs
(EBERs), EBNA1, LMP2A, and the BamHI A
transcripts.10 It is interesting that in neither system can
expression of the transforming EBNA2 and LMP1 genes
be demonstrated. This is analogous to the situation
observed in the Akata Burkitt’s lymphoma cell line, where
reintroduction of the EBERs to EBV negative Akata
Burkitt’s lymphoma cells restores their capacity for growth
in soft agar, tumorigenicity in severe combined immunode-
ficient (SCID) mice, and resistance to apoptotic
inducers—features identical to those observed in the
parental EBV positive Akata cells.22 More recent evidence
suggests that EBV infection of EBV negative nasopharyn-
geal carcinoma cell lines promotes their tumorigenicity,
despite the fact that neither EBNA2 nor LMP1 are
expressed.23 Overall, these findings suggest that some EBV
genes, previously shown to be dispensable for transforma-
tion in B cell systems (for example, EBERs and Bam HI A
transcripts), might have more important contributions to
make in the pathogenesis of some EBV associated
malignancies than was first recognised.

Further challenges to the dogma surrounding the role of
latent genes in EBV associated malignancies have recently
come from two studies investigating the association of EBV
with two common cancers. In the first of these, Bonnet and
colleagues reported the detection of EBV by the polymer-
ase chain reaction (PCR) and EBNA1 immunohisto-
chemical staining in a proportion of classic breast
tumours.24 Of particular interest here was the finding that
EBV was detected more frequently in breast tumours that
were hormone receptor negative and of high histological
grade. In the second study, Sugawara et al reported EBV
detection in a series of hepatocellular carcinomas using
Southern blot hybridisation for viral DNA.25 Because this
method relies on the presence of relatively high numbers of
infected cells in aVected tissues to produce a positive result,
these findings are unlikely to be accounted for by the
detection of rare bystander infected B cells present in the
vicinity of the tumour. Furthermore, a single terminal
fragment of EBV DNA was identified in these tissues, sug-
gesting that the EBV infected cells in hepatocellular carci-
noma represent clonal proliferations. Western blotting and
reverse transcription PCR also demonstrated expression of
EBNA1 and the BamHI A transcripts. However, in neither
study could expression of the EBERs be demonstrated. In
situ hybridisation for the EBERs is regarded as the “gold
standard” for the detection of latent EBV infection in clini-
cal tissues.26 Although the results of these two studies
require confirmation, they suggest that tumours displaying
novel patterns of EBV latency characterised by absence of
the EBERs might be regarded as EBV negative by conven-
tional screens using in situ hybridisation to detect these
molecules.

In vivo, EBV gene expression in nasopharyngeal
carcinomas closely resembles that seen in EBV associated
Hodgkin’s disease. Both malignancies are characterised by
expression of the EBERs, EBNA1, LMP1, LMP2A, and
the Bam H1 A transcripts, although LMP1 is only
expressed in up to approximately 65% of nasopharyngeal
carcinoma tumours.5 9 Further analysis reveals other simi-
larities between these tumours of diverse cellular origins.
Both are characterised by the presence of numerous
lymphoid and other inflammatory cells, which surround
the tumour cell population. Phenotypic studies suggest
important interactions between the tumour cells and the
infiltrating lymphocytes (reviewed in Thorley-Lawson27,
Niedobitek,9 and Flavell and Murray28), which are
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apparently facilitated by the expression of immune regula-
tory receptor–ligand pairs, such as CD40 and CD80/86 on
tumour cells and CD40L and CD28 on infiltrating
lymphocytes. In vitro, both nasopharyngeal carcinoma and
Hodgkin’s disease tumour cells are capable of presenting
EBV derived peptides in the context of major histocompat-
ibility complex (MHC) class I and are susceptible to lysis
by EBV specific cytotoxic T cells (CTLs). Thus, in both
nasopharyngeal carcinoma and Hodgkin’s disease the abil-
ity of the virus infected tumour cells to survive in the face
of an apparently competent immune system suggests that
in both cases genome positive tumour cells have evolved
characteristics that facilitate immune escape. In Hodgkin’s
disease there is evidence that such immune evasion might
be made possible by the production of inhibitory cytokines,
such as IL-10, by the tumour cell population.29 The exist-
ence of a tumour microenvironment inhibitory to EBV
specific CTLs could confound CTL based immunothera-
peutic strategies for patients with nasopharyngeal carci-
noma and Hodgkin’s disease, and suggests that other
approaches that target EBV in these tumours might be
more fruitful.

It is perhaps fitting, given the growing interest in EBV as
a target for antitumour treatments, that the final article of
this series by Henri-Jacques Delecluse and Wolfgang
Hammerschmidt covers not only the genetic modification
of EBV but also the potential use of the virus as a vector for
gene therapy. In their review, they describe the develop-
ment of genetic systems that allow the modification of the
EBV genome.30 Such systems, which include the produc-
tion of genetically modified viruses or plasmids containing
all the latent genes that are required for transformation
(“mini-EBV” plasmids), have already provided important
insights into the function of not only the latent but also
some of the lytic cycle genes. Furthermore, they describe
the potential to use EBV itself as a gene therapy vector.
This would involve the incorporation of therapeutic genes
into a transformation defective EBV that could then be
used to treat cancers such as B cell lymphomas or leukae-
mias, which might be amenable to natural EBV infection.
Is it possible then that we may turn an oncogenic virus into
a harmless tool for gene therapy? The answer to this ques-
tion is obviously some years away. For the time being there
is much left to learn about the biology of this virus.

This themed issue highlights the broad impact of EBV
research on such diverse areas as epidemiology, pathology,
cell biology, and immunology. An increased understanding
of EBV latent gene function and virus specific immune
responses has had important repercussions for our knowl-
edge of fundamental oncogenic processes and tumour
immunology in general. It is hoped that these advances will
not only benefit the treatment and prevention of EBV
associated tumours, but will also advance attempts to
tackle the more common cancers.

P G MURRAY
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