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Summary. Epstein-Barr virus (EBV) persists in the 
majority of the world's human population. In the 
majority of cases the infection is asymptomatic, but 
EBV is associated with a number of human diseases, 
such as infectious mononucleosis, Burkitt's lyrnphorna, 
nasopharyngeal carcinoma, Hodgkin's disease, gastric 
carcinomas and other lymphomas and lympho- 
proliferative diseases. In this review the evidence linking 
EBV with these diseases is reviewed together with 
recent advances i n  understanding the interactions 
between EBV and the cell cycle control machinery. 
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Epstein-Barr virus life cycle 

Epstein-Barr virus (EBV) was the first human 
tumour virus to be identified (Epstein et al., 1964) and 
its potential role as a causative agent of disease has been 
the subject of intense investigation over the last 30 years. 
EBV is a member of the gamma Herpes virus family. 
The virus displays a limited host range, infecting 
humans and new world monkeys and a restricted tissue 
tropism, favouring lymphocytes and epithelial cells 
(reviewed in (Rickinson and Keiff, 1996)). For the 
majority of the adult population, exposure to the virus 
occurs at a young age; 90% of the adult population are 
sero-positive (Henle and Henle, 1979). If primary 
infection is delayed until teenage or early adult years, it 
frequently elicits a strong immune response resulting in 
infectious mononucleosis (reviewed in (Steven, 1996)). 
The majority of infected people remain asyn~ptomatic 
although there is much evidence to suggest that the virus 
persists for life (see below). Unfortunately, for a small 
proportion of infected people, EBV is thought to 
contribute to the development of one of a number of 
EBV related diseases. EBV is classically associated with 
Burkitt's lymphoma in equatorial Africa (Epstein et al., 
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1964), nasopharyngeal carcinoma in China (Henle and 
Henle, 1976; Ho et al.. 1976), and infectious mono- 
nucleosis through out the western world (Evans et al., 
1968; PHLSLaboratories, 1971), the range of diseases 
has recently expanded to include post-transplant 
lymphoproliferative disease (reviewed in (Swinnen, 
1996)), Hodgkin's Disease (Anagnostopoulos et al., 
1989; Weiss et al., 1987. 1989), gastric carcinomas 
(Niedobitek and Herbst, 1994) and other lymphomas 
(evidence reviewed i n  (Su, 1996)). 

Current models suggest that EBV is transmitted 
orally and once i t  is in the mouth, i t  can infect B- 
lymphocytes with high efficiency (Rickinson and Keiff, 
1996). EBV enters these cells through interactions 
between one of its coat glycoproteins, gp340/220 and a 
cell surface receptor. CD21 (reviewed in (Nemerow et 
al., 1994)). The complex is internalised, the virus 
uncoats, circularises its DNA and starts expressing viral 
genes within a few hours. The virus encodes its own 
origin of replication (OriP) and origin binding protein 
(EBNA-1) thus ensuring that (i) the viral genome is 
maintained for the lifetime of the cell and (ii) that it will 
be duplicated and passed to both daughter cells if an 
infected cell proliferates (Rickinson and Keiff, 1996). 

Much evidence suggests that EBV can reside in a 
latent form within asymptomatic hosts; the genome is 
maintained but few viral genes are expressed (see 
below). An accumulation of evidence suggests that naive 
B-lymphocytes are the site of EBV latency (as discussed 
in (Thorley-Lawson et al., 1996)); between one and sixty 
per million of these cells contain EBV DNA and exhibit 
a restricted pattern of viral gene expression (Miyashita et 
al., 1995). EBV can also be found in epithelial cells in 
vivo (Sixby et al., 1984; Greenspan et al., 1985); this is a 
site for lytic replication and virus shedding into the oro- 
pharynx (Yao et al., 1985) which may amplify the viral 
load within an individual and so play a role in the 
transmission of EBV to new hosts. 

The two central issues relating to EBV and human 
health concern the life-long persistence of the virus 
within the infected host and the association of EBV with 
human diseases. In this review, the evidence linking 
EBV with cancer and the recent progress towards linking 
















