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RECENT ADVANCES ON EPSTEIN BARR VIRUS AND ASSOCIATED

DISEASES

CK SAM PhD.
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This overview is largely based on papers
presented in two international conferences:
The 3rd International Symposium on Epstein
Barr Virus and Associated Malignant Diseases,
Rome, October 1988 and The International
Conference on Epstein Barr Virus — the First
25 Years, Oxford, April 1989.

Current research on the Epstein Barr Virus
(EBV) and its associated diseases can be
broadly divided into:

1) Molecular biology of EBV latency.
2) EBV and epithelial cells.

3) Immunology of EBV infection.

4) Burkitt's lymphoma (BL).

5) Nasopharyngeal carcinoma (NPC).
6) Other EBV-associated diseases.

7) EBV vaccine.

MOLECULAR BIOLOGY OF EBV LATENCY

This is by far the most active area of
research on EBV EBV infection immortalises
B-lymphocytes resulting in a proliferating
lymphoblastoid cell line of transformed B-cells
with EBV in 'latency’. During latency, EBV
DNA and latent proteins (EBV nuclear
proteins, latent membrane protein, terminal
protein) are detectable intracellularly. At any
one time, only a very smal proportion of
infected cells progress from latent to virus
replicative cycle, resulting in the production
of virus structural proteins-viral capsid antigen
(VCA), early antigen complex (EA), membrane
antigen (M A)-and virus particles.

Research on the molecular biology of
EBV latency isfocused on:

a) ldentification of EBV protein expressed
during latency.

The known proteins expressed during
EBV latency include six EBV nuclear
antigens-EBNA-I, 2, 3a, 3b, 3¢ and leader
protein (LP)-the latent membrane protein
(LMP) and terminal protein (TP).

In biopsies of NPC, only EBNA-1 and,
sometimes, LMP are expressed. In biopsies
of BL, only EBNA-1 isregularly expressed.
In vitro explants from BL express only
EBNA-1 but frequently the other EBNA’s
and LMP are aso switched on upon
prolonged in vitro culture.

d)

Biological role of EBV latent proteins.

Only a very limited number of the
functions of EBV latent proteins are
known.

EBNA-1 is required for the maintenance
of EBV episomes, by binding to the
origin of latent replication. EBNA-2 is
likely to be important for immortalisation
of B lymphocytes by EBV since a deletion
in EBNA-2 renders the virus incompetent
for immortalisation.

LMPislikely to be an important mediator
of EBV-induced lymphoproliferation since
expression of this protein in EBV -
negative BL cells, as well as in rodent
fibroblasts, markedly alters the growth
properties, including anchorage
dependance and contact inhibition, of
these cells.

Experiments to study the roles of latent
proteins have been largely done by using
deletion mutants of EBV or by transfec-
tion  experiments. In  transfection
experiments,’ specific DNA sequences
are introduced into cells and the resulting
effects of expression of the genes observed.

Identification of the genes coding for
EBV-latent proteins.

The genes are named by their reading
frames, i.e. the exact sequences of EBV
DNA which code for the specific proteins.
For example, BKRF-l is the Bam H,
restriction fragment K right reading frame
no. 1; it contains the coding seguence
for EBNA-I. BYRF-1 is the Ban H,
restriction fragment Y right reading frame
no. 2; it contains the coding for EBNA-2.

Control of EBV latency.

The most important aspect of control
of EBV latency is in identifying the gene
products that control the shift from
latency to the vira replicative cycle.

The BZLF-1 product (dubbed 'Zebra)
triggers the replicative cycle of EBV.?
BZLF-1 can be activated by cellular
proteins induced by exogenous agents
such as the EBV replicative cycle inducer
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12-0-tetradecanoyl-phorbol- 13-acetate
(TPA) or by age. The BZLF1 product
induces the expression of BMLF-1 and
together these two proteins transactivate
other EBV lytic cycle promoters, and
initiate a cascade of lytic cycle expression.
It is likely that methylation of EBV DNA
is an important mechanism in EBV gene
control since a strong correlation has
been found for the level of inethylation
and EBV gene expression.

Modulation of host cdlular
expression.

gene

EBV immortalisation of B-lymphocytes
enhances the expression of B-cell activation
markers such as CR2/CD21/EBV receptor
and CD23/Blast 2, the B-cell activation
antigen.

Cedl surface adhesion molecules play an
important role in intercellular interactions
including recognition by specific cytotoxic
T-lymphocytes. Expressions of the inter-
cellular adhesion molecules, LFA-I and
LFA-3 (lymphocyte function associated
antigens), and intracellular adhesion
molecule (ICAM-l) in B-cells have been
found to be upregulated by EBV
infections. The relevance of such findings
to the pathogenesis of EBV-associated
diseasesis not clear.

EBV AND EPITHELIAL CELLS

EBV DNA has been consistently found in
malignant epithelial cells in NPC, but for
many years, only B-lymphocytes were shown
to have receptors for EBV. It has now been
demonstrated by immunocytochemistry using
monoclonal antibodies against epitopes of
EBV/C3d receptor of B-cells that such
receptors are present on cervica and
nasopharyngeal epithelia.?** The presence of
EBV receptors on epithelial cells was also
found to be cell-differentiation-dependent
as in B-lymphocytes. It is now believed that
EBV infects the less differentiated cells of the
basal epithelium, virusreplication only occurring
as progeny cells approach terminal differentia-
tion. This provides a self-sustaining reservoir
of infection in the nasopharynx. The secondary
infection of B-lymphocytes which results in
the apparent virus carrier status of B-lymphoid
tissue is likely to be not required for virus

IMMUNOLOGY OF EBV INFECTION

The focus is on the identification of target
epitopes for EBV-specific T-cells. Most of
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the promising work has been done using
synthetic peptides and EBNA-2 deletion
mutants. Interestingly, EBV strain variation
has been recently described.® Two families
of EBV isolates have been characterised based
on the antigenicity of the EBNA-2 encoded.
EBNA-2 type-A is of 82-87 kilodalton and
EBNA type-B 75 kilodalton. Antigenic and
sequence variations in the EBNA-3a, -3b
and -3c between type-A and type-B strains
of EBV have aso been reported. The specific
differences in EBNA-2 and EBNA-3 are being
studied in the hope of identifying targets for
EBV-specific cytotoxic T-lymphocytes.”

BURKITT’S LYMPHOMA (BL)

BL has a special place in the history of
EBV since it was from a BL biopsy supplied
by Dr. Denis Burkitt from an African BL
patient that EBV was first isolated in Professor
M.A. Epstein's laboratory. 96% of al BL
have EBV in them. These are the endemic BL
(eBL). In sporadic BL (sBL), there isno EBV.
However, dl BL cells carry a translocation
with a consistent breakpoint at chromosome
8, adjacent to the c-myc oncogene. The sub-
seqguent translocation results in juxtaposition
of cmyc with one of the immunoglobulin
complexes resulting in the deregulation of
c-myc transcription and constitutive expression
of c-rnyc. It has been demonstrated that the
deregulated c-myc isolated from BL cells can
induce cell proliferation when introduced
into normal cells and, in cooperation with
other oncogenes such as ras and polyoma
large T, can result in full blown malignant
transformation.

It is thought that EBV infection of B-cells
carrying the c-myc translocation leads to
continued growth and subseguent proliferation.
Interestingly, there is a strong correlation
between eBL and the areas of hyper- and
holo-endemic malaria. 1t has been suggested
that malaria is a potent activator of B-cdls,
providing an increase in the pool of B-cells
avallable for the appropriate translocation.

Much of the current research on BL is
focused on the effects of c-myc on the growth
characteristics of BL cells and the control
of gene expression in BL biopsies and BL—
derived cell lines. Methylation of EBV genes
has been found to be one of the control
mechanismsfor BL gene expression.

NASOPHARYNGEAL CARCINOMA (NPC)

The large majority, if not all, of NPC
biopsies contain EBV DNA positive malignant
epithelial cells. The expression of EBV genes
in NPC biopsies has been studied by immuno-



blotting of polyacrylamide-separated proteins
of biopsies.®>* Among the EBV-latent genes
expressed in transformed B-lymphocytes, only
EBNA-1 is regularly expressed. LMP is
occasionally expressed. Much work isalso done
using a nude-mice passaged EBV-positive NPC
cell-line, C15.!® In C15, the pattern of
expression of EBV-latent genesissimilar to that
seen in NPC biopsies. The malignant epithelial
cells in C15 express increased amounts of
cellular proteins including HLA class I1 DR,
DP and DQ molecules, and also antigens
associated with normal B-cell activation such
as CD23 and CD40. No clear picture on activa-
tion of oncogene in NPC has emerged.

Seroepidemiology  studies conducted in
China has demonstrated that IgA against EBV
VCA and EA can be used for early detection
of NPC since normal individuals with elevated
titres were found to be at asignificantly higher
risk of developing NPC.!'' A report from
Hong Kong,'? based on a case-control study
on two hundred and fifty cases of NPC below
age 35 years, mdicated that 95% of these
young NPC’s can be attributed to consumption
of Cantonese-style salted fish during childhood.

Elevated titres of IgA against EBV VCA
and EA have traditionally been titrated by
the technique of indirect immunofluorescene
with EBV-positive cells as target antigens.
Recently, titration of antibodies by enzyme-
linked-immunosorbent-assay (ELISA) against
proteins expressed from cloned (tragments
of EBV DNA or against synthetic peptides
of EBV antigens has been eraployed. This
immunoassay promises to be more rapid,
economical, sensitive and specific than current
methods using immunofluorescene  and
immunoperoxidase.

OTHER EBV-ASSOCIATED DISEASES

LBV is believed to have an etiological role
in both eBL and NPC. In immunocompetent
persons, EBV infections lead to self-limiting
infectious mononucteosis (iM). EBV is an
ubiquitous virus and, once exposed, a person
carries EBV DNA positive cells latently for
life with the possibility of reactivation during
immunodeficiency. In patients with the rare
X-linked lymphoproliferative syndrome (XLP),
EBV infection is often fatal. EBV reactivation
can occur in immunosuppressed post-transplant
patients, giving rise to a form of mononucleosis
syndrome. This may progress to widespread
infiltration of vital organs or to the develop-
ment of extranodal solitary lymphomas. In
patients with the acquired wnmunodeficiency
syndrome (AIDS). undifferentiated lymphomaus
with EBV-genome positive cells have been

reported with increasing frequency. Oral
‘hairy’ leukoplakia (OHL) is a recently
described lesion of the tongue occurrmg in
association with AIDS. In OHL, active EBV

replication occurs in the epithelial cells. It is
the only in vivo situation where intact EBV

particles together with EBV lytic cycle antigens
(VCA, EA, MA) have been found:'? Elevated
antibodies to EBV antigens have been reported
in Chronic Fatigue Syndrome, however, titres
of antibodies are also elevated against other
viruses. Elevated antibodies to EBV structural
antigens have also been demonstrated in a signi-
ficant number of patients with rheumatoid
arthritis and systematic lupus erythernatosus.’ *

DEVELOPMENT OF VACCINE

Vaccination against EBV as a prevention
of IM, BL and NPC has been suggested tor
many years by Professor M.A. Epstein. It
has riow been shown that the EBV membrane
protein GP340 together with the adjuvent

able to protect cottontop tamarins against
EBV-induced Iymphoma. The cottontop
tamarin is the only animal model for EBV-
induced lymphoma. Recently, the isolation
of large quantiries of purified GP340 has been
greatly improved by the use of anion exchange
and gd filtration using a fast-protein-liquid-
chromatography system. A small-scale trial
has now been initiated in Oxford. United
Kingdom, to determine if the vaccine is
effective in preventing IM. The next step
involves vaccinating males in XLP families.
If the trials are successtul. the vaccine will
be used in Gambia to determine the effects
on the incidence of BL over the next decade.
The fina goal of the EBV vaccination
programme is to vaccinate EBV-negative babies
with the aim of reducing the incidence of
NPC. The high incidence of NPC makes such
a proposition worthy of consideration.

In order to raise large quantities of pure
EBV GP 340, research has been on going to
express GP340 in various systems including
bacteria. vaccinia and nsect viruses. besides
the modifications to purification procedures
used to extract GP340 from membrane of'
EBV infected cells.

EBV wuas discovered 25 years ago. We are
only now beginning to understand some of the
immunobiology of this extremely complex
virus

ACKNOWLEDGEMENTS

The author thanks Universiti Malaya. the
Lee Foundation and the Kuok Foundation
for sponsoring her participation in the Rome
and Oxford Conferences.

19



Malaysian J Pathol

REFERENCES

1.

Bartsch D, Brichacek B, Hirsch |.
Transfection of human lymphocytes with
cloned Epstein-Barr virus (EBV) DNA.
Virology 1987; 157: 58 — 66.

. Takada K, Shimizu N, Sakuma S, Ono Y.

trans Activation of the latent Epstein-
Barr (EBV) genome after transfection
of the EBV DNA fragment. J Virol 1986;
57: 1016 — 22.

. Young LS, Clark D, Sixbey JW, Rickinson

AB. Epstein-Barr virus receptorson human
pharyngeal epithelia. Lancet 1986; 1:
240 — 2.

Sixbey JW, Davis DS, Young LS, Hutt-
Fletcher L, Tedder TF, Rickinson AR.
Human epithelial cell expression of an
Epstein-Barr virus receptor. J Gen Virol
1987;68: 805 —11.

Allday MJ, Crawford DH. Role of
epithelium in EBV persistence and
pathogenesis of B-cell tumours: Lancet
1988,1: 855 - 7.

. Adldinger HK, Delins H, Freese UK,

Clarke J, Bornkamm GW. A putative
transforming gene of Jijjoye virus differs
from that of Epstein-Barr virus prototypes.
Virology 1985; 141: 221 — 34.

Moss DJ, Misko 1S, Burrows SR, Burman
K, McCarthy R, Sculley TB. Cytotoxic
T-cell clones discriminate between A-
and B-type Epstein Barr virus trans-
formants. Nature 1988; 331: 719 — 21.

10.

11.

12.

13.

14.

August 1989

. Young LS, Dawson CW, Clark D et al.

Epstein Barr virus gene expression in
nasopharyngeal carcinoma. J Gen Virol
1988;69: 1051 — 65.

. Fahracus R, Fu HL, Ernberg | et al.

Expression of Epstein-Barr virus-encoded
proteins in nasopharyngeal carcinoma.
Int J Cancer 1988;42: 329 — 38.

Busson P, Ganem G, Flores P et al.
Establishment and characterization of
three  transplantable = EBV-containing
nasopharyngeal carcinomas. Int J Cancer
1988; 42: 599 - 606.

Zeng Y, Pi GH, Deng H et al. Epstein-
Barr virus seroepiderniology in China
AIDS Res 1986; 2 (Suppl 1): S7 — S15.

Yu M, Ho JHC, La SH, Henderson.
Cantonese-style salted fish as a cause of
nasopharyngeal carcinoma : Report of a
case-control study in Hong Kong. Cancer
Res 1986; 46: 956 — 61.

Greenspan JS, Greenspan D, Lennette
ET et al Replication of Epstein-Barr
virus within the epithelial cells of oral
"hairy” leukoplakia, an AlDS-associated
lesion. N Engl J Med 1985; 313: 1564 —
70.

Sculley DG, Sculley TB, Pope JH.
Reactions of sera from patients with
theumatoid  arthritis, systemic lupus
erythematosus and infectious mono-
nucleosis to Epstein-Barr virusinduced
polypeptides. J Gen Virol 1986; 67:
2253 - 8.

fa]



